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I.—Influence of Temperature on the Refractive Power 
and on the Refraction Equivalents of Acetylacetone 


and of Ortho- and Para-toluidine. 
By W. H. Perkin, Ph.D., F.R.S. 


In 1892, I communicated tothe Society a description of an apparatus 
for determining the refractive power of compounds at different tem- 
peratures, together with some results obtained by its use (Trans.,. 
1892,'61, 287). In two later communications, an account was given 
of the magnetic rotation of substances supposed to contain acetyl, or 
to be of ketonic origin (Trans., 1892, 61, 800, and 1894, 65, 815) ;. 
in these it was shown, from their magnetic rotations, that some di- 
and tri-ketonic compounds are tautomeric, and that when heated 
they change in varying degrees from their hydroxylic, or unsaturated 
form, to theiy saturated, or ketonic form, the rotations becoming lower 
in consequence. The refractive power of several of these compounds 
was also taken at different temperatures, showing changes in reference 
to this property, of the same order as in the case of the rotations ; 
this was expected because it has been shown (Gladstone and Perkin, 
Trans., 1889, 55, 750) that there is an analogy in most cases between 
the variations in the rotation and refraction of the same compounds. 

Among the substances examined, acetylacetone, methylacetylace- 
tone, allylacetylacetone, and diacetylacetone were shown to undergo 
internal change, in the most striking manner, by change of tem- 
perature. 

Since the account of these experimeuts was published, Brithl, in his 
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interesting paper entitled a “ Study of Tautomerism,” gives the results 
he obtained on the refractive power of acetylacetone at temperatures 
wide apart; the numbers, however, do not agree with mine, and 
the same is the case with some of his more recent measurements 
of the refractive power of para- and ortho-toluidines (Zeit. phys. 
Chem., 1895, 16, 216). Knowing the great care Professor Briihl 
takes in making his determinations, I have been induced to repeat 
my measurements of acetylacetone and the two toluidines, to see if 
any error could be discovered in the previous work, or any other 
explanation found of these discrepancies, for it is of great importance 
from a theoretical point of view to find out whether the analogy 
between the refraction and magnetic rotation of the di- and tri- 
ketonic and other compounds, which my results are supposed to 
indicate, exists or not. 

In all my determinations, I have used the apparatus described in 
this Journal a few years ago (Trans., 1892, 61, 288), which is simply 
a hollow prism containing the substance under examination, heated 
in an air bath. In making the observations, readings were invari- 
ably taken from both sides of the prism, and the sum of the result 
divided by two, so that if any slight shifting of the zero took place 
during the raising of the temperature (which, however, does not 
appear to occur) it would not influence the result. 

I understand from Professor Brihl that in his determinations of 
the refractive power of acetylacetone, and I presume also in that of 
the toluidines and other substances, where temperatures above that of 
the atmosphere are employed, he used the total refractometer which 
jhe has described (Ber., 1891, 24, 286). 

The following results were obtained with acetylacetone. The speci- 
men employed was that given to me by Professor Claisen, and referred 
to in the Transactions (1892, 61, 844) as Specimen II. The first 
set of results marked “ A,” given below, were made some time since, 
the product being previously distilled under the ordinary pressure. 
The other three, marked “ B,” were obtained quite recently ; for these 
the acetylacetone was redistilled under reduced pressure the day 
before it was examined, and, as the specimens were not quite identical, 
the results have been kept separate. For the purposes of this paper 
it will only be necessary to give the numbers for the three hydrogen 
lines. 


A. B. 
~~ m > 


Line ¢. t. t. t. 

Hal5d'5° 1°44930. 65° 145459. 8° 145390. 9°5° 1°45270. 
Hgel5°5° 1°46718. 65° 1°47259. 8° 1:47200. 95° 1:47053. 
H,15°5° 1:47939. 65° 1°48524. 8° 1:48451. 95° 1°48315. 
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Densities— 
“A” d1559/4° 0°9800. 
“B.” d6°5°/4° 09871. d8°/4° 0°9862. d9°5°/4° 0°9827. 
a Molecular refraction ~ "i ‘p. 
~ 
A. B. 
H.15°5° 45°807. 65° 46041. 8° 46026. 94° 46:060, 
He 155° 47°629. 65° 47°874. 8° 47-861. 95° 47°871. 
Hy 15°5° 48°875. 65° 49°155. 8° 49-129. 95° 49°167. 
The following are the results obiained at higher temperatures. 
A. B. 
"a “ ~ wre ~ 
Ha99°2° 1:40210. 99°0°  1:40240, 
He 99°2° 1°41604. 99°u° 141656. 
Hy 99°2°  1°42555. 990° 1-42605. 
Densities— 
d 99°2°/4° 0°8975. d99°/4° 0°8960. 
Molecular refraction “ +P. 
A. B. 
— repeaeaeeie: imap gg. 
H.99°2° 44802. 99° 44908. 
Hg 92°2° 46°355. 99° 46°488. 
H,99°2° 47:415. 99° 46547. 
Relationship of Results. 
A. 
153° H.45807.  Hs47°629.  H,48-875. 
99°2° Ha 44-802. Hg 46°355 Hy 47°415. 
Diff. 83°7 1-005 1:274 1:460 
B. 
Ay. 8° Ha46042.  He47:869. Hy 49-150. 
99° Ha 44'908. He 46°488. Hy 47°547. 
Dif. 91° 1:134 1:381 1603 


The results already published, obtained by the examination of the 
acetylacetone, given to me by Professor Dunstan (Trans., 1892, 61, 
840, 847), called ‘“‘ Specimen I,” although represented by slightly 
lower numbers than those given above, exhibited very similar dif- 
ferences for variations of temperature. For 88°3° they are 1°103, 
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1:341, 1°551 respectively, these and the above calculated for 100°, 


give— 
uw. He. H. 


A cecececece 1200 1592 1-744 
B ..-.... 2a. See) ae 
Sees: I. .as' 1249 1318 L736 


Average diff. 1°232 1519 1:754 

These differences are as close to each other as could be expected, and 
show that the results obtained with my instrument are very regular ; 
these vary, however, with the line taken for comparison, that for 
Hy, being considerably larger than that for He, showing that the dis- 
persion as well as the refraction diminishes with rise of temperature. 

The fresh results given above are therefore seen to be in close 
agreement with those previously published. 

The numbers obtained by Briihl for acetylacetone (J. pr. Chem., 
1894, 50, 190), and compared with the above, corrected for tempera- 
ture by the coefficient 1‘232 for 100°, are as follows. 


Brihl. Perkin. 
8° — 46°04 
16°7° 45°95 45°93 
18-0° 45°90 45°92 
42°7° 46°33 45°61 
72°4° 46°66 45°25 


It will be seen that the numbers given for the temperatures 16°7° 
and 18° are very nearly the same in both columns, but directly tem- 
peratures much above the atmospheric are employed Briihl’s numbers 
rise, whereas mine fall; and this rise is very considerable, being about 
0°71 for 55°7°, or about 1°27 for 100°. That the refractive power of a 
substance should increase in this manner is a result which would not 
be anticipated. 

The two toluidines, ortho- and para-, being stable substances and 
unlike acetylacetone not changing in structure when heated, are 
useful for the purpose of comparison. Paratoluidine, however, being 
solid, and not fusing until about 48° could not, of course, be examined 
in a pure condition below that temperature, it was, therefore, com- 
pared side by side with orthotoluidine at about 49°. The following 
are the numbers obtained, those given for paratoluidine being the 
average of three closely concordant sets of determinations made at 
different periods. 

t. Ha. He. Hy. 
Paratoluidine .... 49°6° 60°642 . 63°129 64°741 
Orthotoluidine.... 49°0° 60°585 63:028 64632 


—_— -—- —— 


Diff, — 0:057 0°102 0109 
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In passing, attention may be drawn to the fact that these differences 
increase in magnitude with the more refrangible rays, being greatest 
for Hy. This indicates a slight difference in the dispersion of the two 
substances, that of the ortho-compound being the smaller of the two. 

Determinations were then made of a solution of paratoluidine in 
orthotoluidine in molecular proportion, that is, equal weights; also of 
the orthotoluidine used in making this mixture. The following are 
the results. 


Densities— 
pi Pree d10°4°/4° 10005 
Orthotoluidine ... d 9°7°/4° 1:0074 
t. Ha. Hg. Hy. 
Mixture ...... 10°4° 156745 1°59067 160589 


Orthotoluidine. 97° 157110 159415 1°60943 


Molecular refraction. 


ope my 
H.. He. Hy. 
Mixture ..... coece -RORC6 126°333 129°588 
Orthotoluidine...... 60°658 63°106 64°729 
Paratoluidine ...... 60°708 63°227 64°857 
Differences between 
the two toluidines 0:050 0°121 0°128 


These differences are very close to those obtained at 49°. It is 
seen from these results that,the ortho-compound gives lower numbers, 
indicating the same variation in dispersion. The refractive power of 
the bases is also very similar, but slightly lower at the higher tem- 
perature; this has been shown to be invariably the case with all 
substances yet examined by my apparatus. 

Briihl’s numbers for paratoluidine at 59°1° give Ha 61°575 and for ° 
H, 65°459, results which are much higher than mine, and also much 
higher than he obtained for orthotoluidine at 20°. The latter are 
practically the same as those obtained in my experiments at 9°7°, 
thus-- 

Briihl. Perkin. 
20° 60°70 9°7° 60°658 

In the case of the toluidines, therefore, Briihl’s results increase as 
the temperature rises, whilst mine fall very slightly; in fact, where- 
ever Briihl has examined a substance at two widely different tem- 
peratures the same fact is abserved, thus, in the case of ethylic 
monocarboxethylacetoacetate, at 21°1°, 81°319 is obtained, but at 70°8, 

82920, and for methylformylcamphor, at 23°1°, 95°191, but at 47°3°, 


96072. These numbers are for “* vat 
( 
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As our results agree closely at ordinary temperatures, but differ at 
higher temperatures, there can be no doubt that the want of accord 
between our determinations is due to the different instruments we 
employ. The question then is which is to be taken as giving correct 
results ? 

With reference to the apparatus employed in my determinations, 
one cannot see any reason why a hollow prism, filled with the sub- 
stance under examination, should not give as good results at 100° as 
at 15°. 

There has not been very much work done by others on the refractive 
power of compounds at widely different temperatures, the most im- 
portant being that of Nasiniand Bernheimer (Gazzetta, 1885, 15, 59) 
and (Jahrsber., 1885, 314), who used a hollow prism, heated by passing 
hot water through the jacket by which it was almost entirely sur- 
rounded. With this they obtained results similar to mine, showing 
that, in the case of stable compounds such as they examined, the 
molecular refraction does not alter very much with temperature, 
although it becomes somewhat smaller. The following are examples 


t. = d *p. t. = 7 "P. 
Dimethylnaphthalene 16°4° 93-11 777° = «92°73 
Bromonaphthalene.. 16°5° 90°54 77°6° 90°50 
Methylnaphthol .... 13°9° 88°59 777° 88°32 
Cinnamic alcohol.... 24°8° 73°83 77°3° 73°59 
DEE s¢sedeasne 149° 82°95 77°3° 82°66 


This reduction has been shown to vary with different classes of 
compounds (Trans., 1892, 61, 308), and is apparently of the same 
kind as the temperature differences observed in connection with 
magnetic rotations. 

The agreement in the results obtained with the instrument used 
by Nasini and Bernheimer and with mine shows that not only the 
hollow prism, but also that the optical arrangements in both cases, 
although not identical, acted in the same manner; and, what is more 
important, the results obtained by Kettler, in his determinations of 
the refractive power of water, agree closely with mine (Trans., 1892, 
61, 293), although he used an entirely different instrument containing 
no prism (Ann. Phys. Chem., 1888,33,28). It would seem, therefore, 
that there must be some unnoticed source of error in the refracto- 
meter used by Briihl, when it is employed for temperatures somewhat 
above those of the atmosphere. 


II].—The Alkaline Reduction of Metanitraniline. 


By Rapwact Mecpora, F.R.S., and Ernest R. AnpRews. 


THE azoxy- and azo-compounds formed by the alkaline reduction of 
the nitranilines and their homologues have for some time figured in 
patent specifications as sources of polyazo-colouring matters, but 
hitherto little attention has been bestowed on their purely chemical 
characters. We have for some time past had under investigation the 
products of the alkaline reduction of metanitraniline, an examination 
of which was originally undertaken with a view of finding a con- 
venient source of meta-azo-compounds.* Various reducing agents 
were tried under different conditions, and finally sodium stannite was 
selected as the most convenient for carrying the reduction to the first 
stage. We learnt soon after commencing our experiments that Mr. 
Arthur G. Green had also been working at the subject, and he was 
good enough to communicate to us the particulars of his method of 
performing the reduction as well as to place at our disposal speci- 
mens of the products which he had obtained. For this information, 
which has been found of great use, we desire at once to express our 
thanks to Mr. Green. 


Dimetadiamidoazoxybenzene. 


In order to prepare this compound, metanitraniline (15 grams) is 
dissolved in boiling water (1 litre) and a cold solution of sodium 
stannite (40 grams pure stannous chloride crystals dissolved in 100 
c.c. cold water and mixed with 40 grams of solid sodium hydroxide 
dissolved in 300 c.c. cold water) is slowly added to the boiling solu- 
tion. On allowing the contents of the flask to cool, the azoxy-com- 
pound separates as a yellow substance, crystallising in needles. In 
order to purify the compound, it is collected, washed with water, dis- 
solved in dilute hydrochloric acid, filtered to remove tarry matter, 
and the base reprecipitated by ammonia, this operation being re- 
peated till the substance dissolves in acid without leaving any residue. 
Further purification can be effected by crystallisation from toluene, 
dilute alcohol, or boiling water. From toluene, the substance sepa- 
rates in large, golden scales, from dilute alcohol in needles, and from 
water, in which it dissolves only at the boiling temperature, and then 


* Concurrently with the above research, I had commenced some experiments on 
the production of meta-azo-compounds by the action of nitrosobenzene on suitable 
amido-compounds. The work was interrupted owing to the summer vacation, and 
Mr. Charles Mills has since entered the same field, and has obtained results similar 
to mine (Trans., 1895, 67, 925), so that this part of the investigation is omitted 
from the present communication.—R, M. 
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but sparingly, in very slender, yellow needles. The melting point is 
146—148°. <A very large number of analyses of various preparations 
have served to convince us that the alkaline reduction of metuni- 
traniline is accompanied by the formation of products other than the 
simple azo- and azoxy-compounds. The azo-compound is, no doubt, 
simultaneously formed in varying quantities, and its production is 
unavoidable unless the proportions of sodium stannite and metani- 
traniline mentioned are rigidly adhered to; but, in addition, other 
compounds containing a higher percentage of carbon are also appa- 
rently produced, and become associated with the basic products. We 
have not been able to isolate any other compound at present, but the 
great difficulty which we have experienced in obtaining specimens 
giving correct numbers on analysis has convinced us of the existence 
of such secondary products. The following results were given by 
two of the purest preparations. 


0°1098 gave 0°2554 CO, and 0°0534 H,O. C = 63°38; H = 5:37. 

01216 ,, 245 c.c. moist nitrogen at 10° and 765mm. N = 24°26. 

01610 ,, 343 - = 15°5° and 755°8 mm. N = 24°71. 
CyHyN,O requires C = 63:15; H = 5°26; N = 2456 per cent. 


The constitution of the compound is expressed by oue of the two 
formule— 


NH, NH, NH, . NH, 
a cae POM 
N-N or DNNK__ > 


ee op 
re 


It is astrong base dissolving readily in all mineral acids and in the 
stronger organic acids; most characteristic is the insolubility of the 
dibydrochloride, C,,H;,N,O,2HCI, in excess of hydrochloric acid, 
the salt being at once precipitated in the form of a whitish, crystalline 
powder on adding strong acid to the solution of the base in dilute 
acid. The base dissolves more or less readily in all the usual or- 
ganic solvents, its solutions being orange; it is not volatile in steam 
to a sufficient extent to enable it to be purified by this means. Of 
its derivatives, Mixter has’ prepared the dibenzoyl compound by re- 
ducing benzoylmetanitranilide with zine and alcoholic ammonia 
(Amer. Chem. J., 1883, 5, 5), and gives the melting point as about 
272°. We have prepared the diacetyl derivative by boiling the base 
for about half an hour with acetic anhydride in acetic acid solution, 
and crystallising the product from boiling glacial acetic acid, in which 
it dissolves but sparingly. It forms an ochreous powder consisting 
of micro-crystalline nodules melting at 254°. 
0°1161 gave 0°2626 CO, and 0°0566 H,O. C = 61°67; H = 5:34. 
02638 ,, 39°3 c.c. moist nitrogen at 11° and 766°7mm. N = 17°89. 


N:-C,HyNH-C,H;0 r 
| — 61°53: —5-]9. on tf #9 
O<N.C,Hy-NH-C,H,0 requires C= 6153; H=5'12; N=1794p.c 


Nediail 
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The bisazimide was also prepared by diazotising in hydrochloric 
acid solution, precipitating the diazoperbromide and treating the 
latter with ammonia (Meldola- and Hawkins, Proc., 8, 133). After 
crystallisation from petroleum, it was obtained in the form of nodular, 
ochreous crystals, which become darker on exposure to light. 


01792 gave 62°1 c.c. moist nitrogen at 15°5° and 753°5 mm. N = 40:09. 
00888 , 299 ,, - . 13° ,, 4631 , N= 38988. 
ag. PY requires N = 40:0 per cent. 

This compound melts at 85—86°, and explodes when heated in a dry 
tube above its melting point. The yield is not good, as the bisazimide 
is contaminated with a considerable quantity of a resinous compound, 
from which it must be separated by extraction with hot, dilute 
alcohol, preferably with the addition of animal charcval, before it is 
in a condition for crystallisation from petroleum. 

The diamidoazoxy-compound is very readily diazotised by the 
usual methods, and the tetrazo-salts enter at once into combination 
with amines and phenols to form colouring matters. As a typical 
azo-compound, that produced by combination with f-naphthol was 
prepared*for analysis. The tetrazo-chloride is prepared in the usual 
way, and the solution mixed with the necessary quantity of B-naph- 
thol, freshly precipitated by acid from its solution in alkali and 
suspended as a pulp in the liquid; vo colour appears at first, but on 
gradually making the mixture alkaline with ammonia, a red tint 
develops, and, after some hours, a brilliant red precipitate of the azo- 
colouring matter is formed. The substance, after being collected, 
washed, and dried, was purified by repeated crystallisation from 
boiling anilitie; it then formed small, dull, red needles melting at 
244—245°. 


0°1167 gave 15:3 c.c. moist nitrogen at 11°4° and 764-2 mm. N = 15°67. 

01104 ,, 145 ma i. 12°75°,, 7661 ,, N=15°64. 
01015 ,, 0°2665 CO, and 0:0423 H,O. C = 7161; H = 4°63. 

oe re) 

NC, Hy NyC,.H,-OH (8) 

H = 4:09 per cent. 


requires N = 15°61; C = 71°37; 


The azo-compound dissolves in strong sulphuric acid with a 
magenta-red colour, and is precipitated unchanged on dilution with 
water. 

In order to connect the diamidoazoxybenzene with a known com- 
pound of the same type prepared by another method, a specimen 
was diazotised, and the amido-groups replaced by iodine by treating 
the tetrazo-sulphate with potassium iodide. Much resin was formed, 


€ 
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but the product, when extracted with alcohol, furnished a crystalline 
compound consisting of ochreous needles melting at 118—119°, and 
having the composition of diiodoazoxybenzeue. 


0°1170 gave 6°7 c.c. moist nitrogen at 16° and 753°4 mm. N = 6°61. 
071426 ,, 01476 AgI. I =. 55°92. 


O<) sy requires N = 6:24; I = 56°35 per cent. 


This compound is probably identical with that obtained by Gabriel 
by reducing metaiodonitrobenzene with alcoholic potassium hydroxide 


(Ber., 1876, 9, 1408). « 


Dimetadiamidoazobenzene. 


After many experiments with an increased quantity of sodium 
stannite under various conditions, we finally abandoned this reducing 
agent as a nieans of passing from the azoxy- to the azo-compound. 
It has been found more advantageous to use for this purpose zinc 
dust and sodium hydroxide in the following way. 

The azoxy-compound is dissolved in a small quantity of alcohol, and 
an equal weight of sodium hydroxide dissolved in a little water is 
added to the alcoholic solution contained in a flask. A quantity of 
zine dust, about twice the weight of the azoxy-compound, is then 
added, and the contents of the flask kept warm on a water bath for 
some hours, with frequent agitation; the solution gradually beegmes 
decolorised, owing to the formation of a hydrazo-compound ; :when 
this stage is reached, the solution is at once filtered to remove the 
excess oi zinc, and on exposure to the air for a few hours the hydrazc- 
compound is completely oxidised and the azo-compound regenerated, 
as indicated by the orange colour of the solution. By this means 
only can the complete reduction of the azoxy-compound be insured. 
Potassium hydroxide cannot be conveniently used, as this carries the 
reduction too far, the yield of azo-compound being small and meta- 
phenylenediamine being formed. 

The purification of the azo-compound is best effected by crystalli- 
sation from water; for crystallisation from organic solvents, especially 
hydrocarbons, has a tendency to render the compound impure, as it 
appears to be capable of entering into combination with and obsti- 
nately retaining some of the solvent. The alcoholic solution contain- 
ing the azo-compound, prepared in the manner described, is trans- 
ferred to a flask, diluted with water, and all the alcohol distilled off ; 
the orange-coloured, crystalline residue is collected, washed with 
cold water, and dissolved in a large volume of water by means of a 
little hydrochloric acid. The solution of the hydrochloride is then 
raised to the boiling point, made alkaline with ammonia, and filtered 
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‘apidly while still hot; on cooling, the azo-compound separates in 
dull, orange-coloured needles. This method of purification is more 
effective than the direct solution of the azo-compound in- boiling 
water, as the crystals when once formed dissolve with great diffi- 
enlty; the treatment can be repeated till the hot solution passes 
through the filter without leaving any residue. The readiness with‘ 
which the azo-compound combines with other substances renders it a 
matter of considerable difficulty to prepare specimens sufficiently 
pure for analysis. Until the above method of preparation and puri- 
fication was adopted, our products all gave a percentage of nitrogen 
below that required by the formula of the azo-compound, and for some 
time we were under the impression that the treatment of the azoxy- 
compound with zine dust and alkali had not removed oxygen, but 
had effected transformation into an isomeride, possibly stereochemical. 
The melting point (after drying at 110—120°) is 150—151° when 
pure. 


00962 gave 21°45 c.c. moist nitrogen at 14°2° and 762°7 mm. N = 26°27. 


00479 ,, 10°9 9 » 20° , 7683 , N= 26-27. 
| Bsa ton requires N = 26°41 per cent. 


In order to characterise this compound further, the bisazimide was 
prepared by the usual method, but the yield is extremely small, and 
the melting point the same as that of the bisazimide obtained from 
the azoxy-compound (86°), so the product was not further examined. 

The diacetyl derivative was prepared by dissolving the base in 
glacial acetic avid mixed with acetic anhydride, and heating at 100° 
for an hour. The product was purified by crystallisation from glacial 
acetic acid, in which it dissolves somewhat more readily@han the cor- 
responding diacetylazoxy-compound, but as the analytical results still 
indicated that an impurity was present, it was finally obtained pure 
by crystallisation from boiling aniline. 


00852 gave 14:15 c.c. moist nitrogen at 20° and 759°5 mm. N = 18°96. 
00865 ,, 145 ,, ‘ » 21° ,, 7594 , N=19°05. 
01992 ,, 0°4753 CO, and 0:0959 H,O. C = 65°08. H = 5°34. 
N-C,H,NH-C,H;0 ‘ . 
gig requires N = 18°92; C = 6486; H = 540 p.c. 
“This acetyl derivative is very similar in appearance and properties 
to that obtained from the diamidoazoxy-compound; it forms a 
micro-crystalline powder (small needles from aniline) of a somewhat 
more orange colour than the latter acetyl derivative. It begins to 
shrink at 268°, and melts completely at 272°. 
The dibenzoyl derivative was prepared by suspending the crystal- 
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line base in warm water, adding the calculated quantity of benzoyl 
chloride, and then agitating briskly with the gradual addition of 
sodium hydroxide till the solution had become slightly alkaline. 
The product was collected, washed, and dried, and then crystallised 
from boiling aniline. It forms straw-coloured, microscopic needles, 
melting at 284—285°. 
0°1387 gave 16°35 c.c. moist nitrogen at 20°5° and 756mm. N = 13°36. 
N-C.HyNH-C;H;0 
N-C,HyNH:C,H;0 


The diamidoazo-compound is converted by nitrous acid, in the 
presence of hydrochloric acid, into a tetrazo-chloride, with the same 
facility that the diamidoazoxy-compound undergoes this transforma- 
tion. Combination with 8-naphthol was effected in the same manner 
as with the previous compound. The trisazo-compound, after crys- 
tallisation from aniline, consists of small, red needles, duller in shade 
than the corresponding bisazo-azoxy-compound. 


0°1405 gave 19 c.c. moist nitrogen at 10°3° and 7553 mm. N = 16°05. 
00881 ,, 0:2380 CO, and 0:0395 H,O. C = 73°68; H = 4°98. 
N-C,Hy NyC,oH,-OH(f) 
I N = 16°09; = 73°56: 
N-C,Hy-NyC,H,-OH(8) requires 16°09; C 73°56 ; 
H = 4°21 per cent. 


requires N = 13°33 per cent. 


The substance melts at 282°, and dissolves in strong sulphuric acid 
with a magenta colour, which is perceptibly bluer than the colour 
given by the corresponding azoxy-compound, the difference between 
the two becoming more pronounced on diluting with a little water. 
Like all the azo-derivatives of 8-naphthol, it is destitute of phenolic 
characters, being quite insoluble is boiling aqueous alkali. It dis- 
solves in boiling alcoholic potash with a red coloration, which is 
indistinguishable from that given by the azoxy-compound under the 
same conditions. 

Of the salts of dimetadiamidoazobenzene, the oxalate is very cha- 
racteristic. It is formed by adding a solution of oxalic acid to a 
boiling aqueous solution of the base; the salt separates at once in 
the form of ochreous scales, which are but slightly soluble, even in 
hot water. The dry salt has no definite melting point, but chars at 
205—210°. A specimen dried at ordinary temperatures over strong 
‘sulphuric acid in a desiccator for some days was analysed with the 
following results. 


0°1502 gave 0°2050 CO, and 0°0626 H,O. C = 55°38; H = 4°63. 
01064 ,, 165 c.c. moist nitrogen at 15°and 765mm. N = 18°29. 


NONE F:C.0. requires C = 55°63; H = 464; N = 185 p.c. 
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From its mode of formation, the diamidoazo-compound may be 
represented as having the constitution 
NH, NH, 
i | ie" 
» OEE 3 RE 
This was confirmed by displacing the NH,-groups by iodine by 
means of the diazo-reaction. The diiodoazobenzene crystallises in 
orange scales melting at 150—151° (Gabriel, Ber., 1876, 9, 1410), 
and is identical with the compound produced by the alkaline reduc- 
tion of metanitroiodobenzene. 


00718 gave 4 c.c. moist nitrogen at 10°5° and 7583 mm. N = 6°61. 
C.H,I-N,C,H,I requires N = 6°45 per cent. 


As the para-position with respect to the azo-group is open in both 
benzene rings in the above formula, it appeared of interest to try 
whether one molecule of the compound would combine with two 
molecules of a diazo-salt, so as to form a tertiary azo-compound of the 
type x AN > GH NIN-GH<N at y: 

It was found, however, that the base did not combine with diazo- 
benzene chloride, so a more acid diazo-salt, namely, paranitrodiazo- 
benzene chloride was used; combination took place with this diazo- 
salt in the presence of sodiam acetate, and a brown, amorphous 
substance separated. The latter has all the properties of a diazoamide 
and not of an azo-compound ; it dissolves readily in alcoholic sodium 
hydroxide in the cold with a magenta colour, and with a similar colour 
in hot aqueous, caustic soda solution; it is reprecipitated from its 
alkaline solutions as a flocculent, ochreous substance on the addition of 
acids. The compound is uncrystallisable, and could not therefore 
be obtained pure; it melts with decomposition at about 198—200°. 
A determination of nitrogen gave results agreeing fairly well with 
the formula of the bisdiazoamide. 


(p) NO,°C,HyN,NH'C,Hy N° C,HyNH'N,’C,H,; NO, (p) . 


We have no doubt that this is the compound formed under the 
conditions described. 


Remarks on the Reduction of Nitro-compounds. 


By R. ME.pota. 


The extreme readiness with which meta- and para-nitraniline* give 
azoxy- and azo-compounds under the influence of alkaline yeducing 


* Orthonitraniline does not give an azoxy-compound when reduced with sodium 
stannite under the same conditions as metanitraniline; it is partly reduced to 
orthophenylenediamine and partly left unchanged. 
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ugents, whilst passing with equal readiness into the respective diamines 
under the influence of acid reducing agents, has always appeared to 
me one of the most striking examples of the difference in behaviour 
of nitro-compounds, according to the mode of reduction, that is, 
acid or alkaline. In dealing with the theory of the reduction of 
nitro-compounds the equations 


X‘NO, + 3H, = X:‘NH, + 2H,0 


2 , XN 
xNo'} + 3H, = | 1 >0 + 3H.0 


xno} + xy + 41,0 
can obviously be considered only as expressing the final results of a 
series of intermediate transformations. Of tke nature of these in- 
termediate stages, nothing was known definitely till E. Hoffmann 
and Victor Meyer showed that nitro-compounds of the paraffin series 
gave hydroxylamine derivatives on reduction with stannous chloride 
( Ber., 1891,-24, 3528 ; methylhydroxylamine from nitromethane). 

The remarkable discovery by Bamberger (Ber., 1894, 27, 1347 and 
1548), and Wohl (cbid., 1432) that nitrobenzene can be reduced to 
8-phenylhydroxylamine by zinc dust and water, may be taken as 
another proof that the mechanism of the process of reduction is not 
simply represented by the withdrawal of oxygen from the nitro- 
group. 

The remarks which I now venture to offer are to be regarded in 
the light of a tentative contribution to the theoretical side of this 
question. Much more experimental evidence will be required before 
« complete theory of the process can be formed, but it appears desir- 
able to call attention at once to the necessity of remodelling the 
existing crude notions respecting a transformation of such general 
scientific and technical importance. The following attempt to indi- 
cate, at least, a possible series of steps may be found sufficiently 
suggestive to prompt further investigation, even if destined to be 
displaced by other hypotheses as our knowledge grows. 

Under all conditions, the first action of the reducing agent may be 
regarded as being the hydroxylation of the nitro-group. : 


XNO, + Be RNCOM Se . @ 


4H, = 


The derivative of the hypothetical dihydroxylamine being too un- 
stable to exist, is reduced by further action, thus— 


: OH H 
waitin |): Wd H 


At low temperatures, and with weak stm agents, tho hydroxyl- 


= EN<O gt Hi0.....6..+. CD) 
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amine stage can be retained as a resting stage in certain cases. At 
high temperatures, and with strong reducing agents, the second 
hydroxyl group is replaced. 

H H 


XN<ont ut =XN<T + H,O .........+(HI) 


This view would represent the ordinary conversion of a nitro- 
compound into an amine by the usual methods; it assumes that the 
hydroxylamine stage is passed through rapidly and imperceptibly, 
unless special means are taken for arresting the process at that stage. 
Under other conditions, of which the presence of alkali appears to be 
the most favourable, and, in a less degree, the access of atmospheric 
oxygen (Bamberger, loc. cit., 1550), the hydroxylamine derivative 
undergoes ‘‘ condensation” with the formation of an azoxy- or an 
azo-compound. To bring about this result two molecules must 
coalesce, and from general considerations concerning such processes 
of condensation it seems feasible to represent the change, thus— 


HO H 
iH + HO: -. = NX 


The intermediate compound at this stage would be a derivative of 
the (at present) hypothetical hydroxy-hydrazine, H,N-NH-OH. The 
assumption that such a compound is formed harmonises well with the 
facts, because both the azoxy- and the azo-type are derivable there- 
from, the former by oxidation and the latter by a repetition of the 
“condensing ”’ process. These two possibilities are best considered 
separately. In the first place, the oxidation of such a compound 
would give rise to an azoxy-compound ; unattacked nitro-compound 
would act as oxidising agent, or, when all the nitro-compound is re- 
duced to Stage I (see equation), atmospheric oxygen might be effec- 
tive, as found by Bamberger. 


XN-OH O 
xuH + §>'X= 


In the next place, the further (inner) condensation of the hydroxy- 
hydrazine derivative would give rise to an azo-compound which, from 
this point of view, is the inner anhydride of its geuerator— 


X‘N-OH _ X'N 
X-NH = XN 


The hypothesis thus suggests that azoxy-compounds arise, not by 
direct reduction of nitro-compounds, but by the oxidation of inter- 
mediate hydroxy-hydrazines—as long as unaltered nitro-compound 
is present the azoxy-compound can be continuously formed. No azo. 
compound could be formed at this stage because the oxidising action 


->N-X = 4+ H,O.... (IV) 


HO 
x > + sag ey eee) 


+ H,0.. Susie 9 See 
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on the hydroxy-hydrazine is greater than the tendency to condense to 
the azo-stage (Equation V). But, when all the nitro-compound is 
used up, the formation of azoxy-compound has reached its maximum, 
and the reducing agent can act directly, while condensation to the 
azo-stage can also take place. The question thus arises as to the 
action of the reducing agent when the azoxy-stage has reached its 
maximum. It seems to me that the direct removal of oxygen is again 
an improbable explanation. The most likely product is the inter- 
mediate plea So ses 


e>o + 


ae X-N-OH 
nag X-NH oS veccces 


As no oxidising te is present at this stage, the azo-condersation 
(Equation VI) can now go on continuously. 

These suggestions are well worthy, as I venture to think, of being 
submitted to the crucial test of experiment; certainly they are in 
harmony with the weil-known fact that the azo-compounds are only 
obtained by alkaline reduction, as the last stage (unless the reduction 
be carried on to the hydrazo-stage) of a protracted operation. It 
appears desirable to reinvestigate in the light of the present hypothe- 
sis the products of the reduction of azoxy-compounds, and also to 
ascertain whether the exclusion of air during the process of alkaline 
reduction would accelerate the production of azo-compounds. These 
and other collateral points suggested in the course of this theoretical 
discussion will be dealt with experimentally in the course of the pre- 
sent session. 

An alternative series of stages from the hydroxylamine derivative 
(Equation II) may also be suggested. The oxidising action of un- 
altered nitro-compound might be regarded as taking place in the 
following way. 


uh er 


Xx: N- OH XN 
X-N-OH ~ x.n>? + HO 
The azoxy-compounds on this view also are anhydrides of inter- 
mediate compounds, namely, derivatives of dihydroxy-hydrazine. The 
action of mild oxidising agents (atmospheric oxygen) does convert 
phenylhydroxylamine into azoxybenzene, whilst strong oxidisers con- 
vert it into nitrosobenzene (Bamberger and Wohl). In harmony, 
likewise, with this view is the fact that hydroxylamine itself, under 
the influence of oxidising agents, evolves nitrous oxide, a decom- 
position which may be brought into line with the above hypothesis. 
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H,N-OH HN-OH N-OH 

H,N-OH HN-OH N-OH 

The prototype of the azoxy-compounds is thus nitrous oxide or its 
dihydro-derivative, which is at present unknown. From this point 
of view the generally accepted formula of the azoxy-compounds is 


N 
—1>0 


‘N-N-X, , 
preferable to the formula = !! corresponding to Strecker’s 


formula for the diazoamides. Another point in favour of some such 
view of the course of reduction of nitro-compounds, as is here advo- 
cated, is that it gives prominence to the analogy with the process of 
reduction of nitroso- and isonitroso-coimpounds. 


X,NN:0 — X,NN<P — X.N-NH, 


- zN:‘OH NH:-OH NH, 
—! =e 
It is unnecessary to elaborate these suggestions from the specula- 
tive side in greater detail at present, but it will appear from the 
foregoing that such an apparently simple change as the conversion 
of a nitro-compound into an amine is by no means so well understood 
as the crude equations generally given would lead us to suppose. 


Ii.—-The Chemistry of Dibromopropylthiocarbimide ; 
and the Action of Bromine and of Iodine upon 


Allylthiourea. 
By Aveustus E. Dixon, M.D. 


In a short communication, made a few years ago to this Society 
(Trans., 1892, 61, 545), I showed that bromine unites readily with 
allylthiocarbimide, thereby producing #y-dibromopropylthiocar- 
bimide, CH,Br-CHBr’CH,.NCS, a dense, almost colourless oil, of high 
refractive power, volatile in a current of steam, nearly insoluble in 
water, miscible with alcchol, possessing the characteristic odour, and, 
generally speaking, the ordinary properties of a liquid thiocar- 
bimide. 

In its chemical relations, however, it manifested certain peculiar:- 
ties; thus, for example, it combined readily, on warming, with 
aniline, but instead of affording the expected dibromopropyltpheny]- 
thiocarbamide, CH,Br-CHBr-CH,;-NH:CS:NH:C,H;, 1 mol. HBr was 
' eliminated, the product being the hydrobromide of a closed chain 
basic compound, from which the free base, a solid, was liberated by 

VOL. LX1X, c 
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treatment with caustic alkali. For reasons set forth in the paper 
mentioned, the action was believed to occur, ultimately, as follows. 


il CHBr< Oy ’_Y>S + NELPh = CHBr<Gp y>C-NHPh,HBr. 


Further, the thiocarbimide interacted spontaneously with alcoholic 
ammonia, but instead of dibromopropylthiourea, ammonium bromide 
was obtained, together with a viscid, basic syrup, which refused to 
crystallise, and was not then further examined. 

That the constituents in question should fail to afford dibromo- 
propylthiourea, was, at the time, a matter of surprise, especially as 
the latter compound appeared, on reference to Beilstein’s Handbuch,* 
to have been already prepared and examined by Maly, who obtained 
(Zeit. f. Chem., 1867, 42), fromm bromine and allylthiourea, a well- 
defined solid substance, C,H,N.SBr = ? CSN.H;-CH,,CHBr-CH,Br. 

Returning later, however, to the study of this and similar com- 
pounds, their properties seemed hardly to accord with the above con- 
stitution; thus, according to Maly, the dibromide, C,H,N.S,Br., when 
treated with moist silver chloride, exchauged but 1 atom of bromine 
for chlorine, producing the chlorobromide, C,H,N.S,BrCl; again, 
with moist silver oxide, a strongly alkaline hydroxybromide, 


C,H.N,S,Br(OH), 


was formed, from which, by the action of hydrochloric acid, the 
chlorobromide was regenerated. 

Maly did not fail to notice the significance of these peculiarities, 
for he refers expressly to the special function of one bromine atom, 
which acts like the bromine in ammonium bromide;+ in the case of 
the chlorobromide, the chlorine atom plays an analogous part 

Moreover, further experiments on the interaction of ammonia 
with dibromopropylthiocarbimide suggested the desirability of re- 
examining the dibromo-derivative ; and this has now been done, with 
results leading to the conclusion that it and the other allied sub- 
stances (including a di-iodide) are not halogenised thioureas, but 
salts of basic ring-compounds, derived probably from the parent- 


* Unfortunately I had not then access to the original paper. 
+ “ Giebt man dem Thiosinnaminbromiir folgende Formel : 
H; 
Cs 


C.H,-H 
3 Br | NBr 


in der ein Atom Brom das eine Ammoniak zum Ammonium macht, also innerhalb i 
des Radicals steht, wihrend das zweite die Stelle einnimmt, wie das Brom im ‘ 
Bromammonium, oder das Chlor im Salmiak, so ist wohl zu erwarten, dass sich 
diese beiden Bromatome verschieden verhalten werden ” (loc. cit.). 
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type, CH < OH NON H,, that is, «-amidopenthiazoline, or, using 


the nomenclature proposed by me (Trans., 1895, 67, 564), tri- 
methylene-yn-thiourea. 


BROMINE AND ALLYLTHIOUREA. 


The addition product, C,H,N,S,Br,, was prepared by adding 1 mol. 
of bromine, dissolved in chloroform, to allylthiourea (1 mol.) in 
alcohol; cooling by means of a freezing’ mixture had little influence 
on the yield, which amounted, in one case, where it was employed, 
to 723 per cent. of the theoretical, and in another, where it was 
not, to 71 per cent. After removing all the solid matter, a 
residue was obtained, consisting of a rather dark brown syrup, 
which, at the temperature of the water bath, evolved fumes of 
hydrogen b:omide. The solid product deposited slowly; it was, as 
described by Maly, soluble in water and alcohol, very easily in the 
former, more sparingly in the latter; in other solvents, it was in- 
soluble, or nearly so. Its melting point fell somewhat below that 
given, namely 146—147°; I observed in two successive prvparations 
139—140° and 139°5—140°5° (corr.), respectively, apparently with- 
out decomposition. 

The aqueous solution had an acid reaction, was not desulphurised 
by treatment with alkaline lead tartrate, and yielded with ammonia- 
cal nitrate of silver a whitish precipitate (not readily affe-ted by 
exposure to sunlight), which did not blacken even on boiling the 
mixture. Presumably, therefore, the compound was not a mono- 
substituted thiourea (Dixon, Trans., 1893, 63, 319). 

Action of Caustic Alkalii—On the addition of strong caustic potash 
(or even ammonia) to the aqueous solution, a heavy basic oil was 
precipitated, containing nitrogen, sulphur, and bromine. The super- 
natant clear liquid, when acidified and treated with chlorine water, 
reacted freely for bromine ; moreover, with silver nitrate, it gave a 
yellowish precipitate of silver bromide. _ Thus a partition of the 
bromine had occurred, a probable explanation of which, in view of 
the above phenomena, lay in the abstraction by the alkali, from the 
original substance, of a mol. of hydrogen bromide— 

C,H.N,SBr, — HBr = (,H,;N,SBr; 
and the results of a roughly quantitative experiment went to support 
this idea; 5:1 grams of the dibrominated compound yielding nearly 
3°5 grams of basic oil, whilst, according to the equation, 3°6 grams 
should have been obtained. 


The oil is clear, almost colourless, miscible with spirit, soluble in 


c2 
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much cold water, or moderately at the boiling temperature ; it is 
strongly alkaline to litmus, has a barely perceptible basic odour, and 
when dissolved in dilute hydrochloric acid, reacts freely with chlo- 
rine water for bromine. If exposed for some time to air, it darkens, 
becomes hard, and insoluble in spirit; it dissolves now only slowly 
in boiling hydrochloric acid, from which it is precipitated by alkali 
as an amorphous, whitish powder; the latter, on heating, swells up 
and carbonises without melting ; it appears also to be insoluble, save 
in liquids which decompose it. The nature of these latter changes 
was not investigated. 

Action of Hydrobromic acid.—Dilute hydrobromic acid was added 
in slight excess, to a quantity of the freshly precipitated base; the 
mixture was at first turbid, but became clear as the point of neutra- 
lisation was approached ; the solution was then evaporated to a small 
bulk on the water bath, and left overnight; white crystals sepa- 
rated, freely soluble in water, having the appearance, and exhibiting 
all the properties, of the compound obtained by the direct union of 
bromine with allylthiourea, and melting, after recrystallisation, at 
the same temperature, namely, 139—140°. 

Action of Hydrochloric acid.—If, then, Maly’s allylthiourea di- 
bromide is the hydrobromide of a base, C,H;N,SBr, the latter, on 
treatment with hydrochloric acid, ought to afford a hydrochloride, 
C,H;N,SBr,HCl, identical with the chlorobromide obtained by him 
from the dibromide and moist silver chloride. This is, in fact, the 
case, as shown by the following experiment. 

A quantity of the basic oil was treated with a slight excess of 
hydrochloric acid, and the clear solution concentrated by evapora- 
tion on the water bath; on cooling, beautiful rosettes of long, very 
hard, white prisms were deposited, having the properties ascribed to 
the chlorobromide, and melting, after being previously well washed 
with spirit, at the temperature recorded by Maly, namely 129—130°. 
This compound, like the hydrobromide itself, reacts freely for 
bromine on the addition of chlorine water. From this synthesis, it 
may be concluded that the single bromine atom which the “ dibro- 
mide ”’ gives up on treatment with moist silver chloride is the one not 
included in the C,H;N.SBr fraction of the molecule. 

It seemed of interest to try whether dibromopropylthiocarbimide 
would exchange any of its bromine for chlorine under the above 
treatment ; an experiment was therefore made by allowing the thio- 
carbimide, in aqueous spirit, to remain (in the dark) in contact with 
excess of freshly precipitated silver chloride, shaking frequently. 
After 10 days, during which interval slight desulphurisation had 
occurred, the mixture was heated for a few minutes, and then steam 
distilled ; a brilliant oil came over, in which the sulphur and nitrogen 
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were determined, with the result that it proved to be the unchanged 
dibromopropylthiocarbimide. 

Action of Picric acid.—In order to obtain the base in a form which 
admitted of easy purification for analysis, it was converted into the 
picrate, either by treating the liquid base in alcoholic solution with 
picric acid, or by adding the latter to an aqueous solution of the 
hydrobromide, got from bromine and allylthiourea. In either case, 
a finely divided, canary-yellow precipitate fell, which, on recrystalli- 
sation from dilute spirit, was obtained in minute, glittering, pale- 
yellow prisms, melting at 187—188° (corr.). If heated rapidly over 
a gas flame, it melts, begins to effervesce, and then deflagrates, leaving 
a porous, carbonised residue. 

The picrate is rather sparingly soluble in boiling water, still less so 
in cold; more easily, though by no means freely, in boiling alcohol- 
It is oxidised by boiling with nitro-hydrochloric acid, with formation 
of sulphuric acid, but yields no sulphur to boiling alkaline, lead, or 
silver solutions. 

The formula was checked by analysis. 


0°2017 gave 0°2074 CO,, and 0°0565 H,O. C = 28:04; H = 3°11. 
0°2074 ,, 29°4¢.c. moist nitrogen at 15° and 759mm. N = 16°59. 
0°2992 ,, 01683 BaSO, S = 7°73. 
C,H,N.SBr,C,H.(NO:);°OH requires C = 28:28; H = 2°36; 
N = 16°55; S = 7°55 per cent. 

These figures—although that for the hydrogen is unduly high— 
suffice to establish the composition of the base as C,H;N.SBr, and 
not C,H,N.SBr(OH) ; the latter, Maly’s bromthiosinnammoniumozyd- 
hydrat, would require C = 27:13; H = 2°26; N = 1588; S = 7-25. 
The percentage composition of this compound differs only slightly 
from that of the base C,H;N,SBr (even assuming them both to be 
uncombined), and it seems not unlikely that the materia! analysed* 
by him was the base in question, possibly containing moisture, or 
else slightly impure. 


Ammonia and Dibromopropylthiocarbimide. 


The chemistry of the interaction between allylthiourea and bro- 
mine having been thus far cleared up, an investigation of that 
between ammonia and dibromopropylthiocarbimide was now pro- 
ceeded with. Previous experiment had, as already stated, established 
the non-formation from thgse constituents of dibromopropylthiourea . 
but the facts which had meanwhile come to light pointed to such a 
negative result as at least probable, for the union of the compounds 
in question might be expected to result in the production of the hydro- 


* No analysis is given in his paper. 
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bromide of the brominated base, and since this salt is decomposed by 
ammonia, as shown above, the products to be anticipated are those 
which were actually obtained, namely, a basic oil, together with 
ammonium bromide, 

C,;H;BresNCS + 2NH; = NH,Br + C,H,N,SBr. 

Dibromopropylthiocarbimide was dissolved in a considerable excess 
of strong alcoholic ammonia; interaction commenced in a few seconds, 
with evolution of so much heat that the mixture began to boil, and, 
on cooling, crystals of ammonium bromide were deposited. When 
evaporated as far as possible on the water-bath, the product con- 
sisted of a brownish oil, mixed with solid matter; this was treated 
with excess of dilute hyidlrobromic acid, again evaporated, and ex- 
tracted with absolute alcohol, which left most of the ammonium 
bromide undissolved, and by repeating the evaporation and extraction, 
a little more ammonium bromide was removed. The clear solution 
was then mixed with a few drops more of dilute hydrobromic acid, 
and allowed to evaporate spontaneously; next day a crop of solid 
matter had formed, entangled in a tenacious mother liquor; the latter 
was drained off, not without difficulty, by aid of the pump, and the 
residue recrystallised from water, and well washed with spirit. The 
product was colourless, freely soluble in water, soluble in alcohol, had 
an acid reaction, gave, on the a:ldition of caustic potash, a basic oil, 
afforded bromine when treated with chlorine water, and in short, 
resembled precisely the hydrobromide obtained from allylthiourea ; 
its melting point was 139—140° (corr.), that is, identical with that 
observed for the said hydrobromide. 

For further identification, the thiocarbimide and ammonia were 
combined as before, the precipitated ammonium bromide was dis- 
solved by adding water, and the oil by dilute hydrochloric acid ; the 
clear solution, when mixed with caustic alkali, deposited a basic oil, 
which was dissolved in spirit and a little hydrochloric acid, and 
treated with picric acid. It gave a somewhat viscid, yellow precipi- 
tate, which, after recrystallisation, had the appearance and general 
properties of the picrate already described, melting at nearly the 
same temperature, namely, 183—184° (corr.). 

Summarising the principal facts elicited from the above experi- 
ments, it may be stated that— 

1. Bromine unites directly with allylthionrea to form a compound, 
C,H,N.SBr,; this compound is the hydrobromide of a strong base, 
©,H,N.SBr, which is liberated from it as an oil on the addition of 
caustic alkali. 

2. The free base combines with hydrobromic, hydrochloric, and 
pieric acids, yielding 


C,H,N.SBr,HBr, C,H-N.SBr,HCl, and C,H,N.SBr,C,H,(NO,),-OH, 


«kp aiaigs place 
Sh eis er 


2h RST Mae 
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respectively. The first of these is identical with the addition product 
of allylthiourea and bromine. 

3. The same base, together with ammonium bromide, is formed by 
the action of alcoholic ammonia on dibromopropylthiocarbimide. 

Constitution of the Base, C,H,N.SBr.—The mechanism by which 
the above base is produced may be explained as follows. 

First, having regard to the very favourable conditions realised for 
its formation, the initial stage consists, probably, in the production of 
(an unstable) dibromopropylthiourea ; and since the mono-substituted 
thioureas, at all events when undergoing chemical change, and parti- 
cularly under the influence of substances containing halogen, assume 
generally the “labile” farm, the base may be supposed to originate 
from the decomposition of either C;,;H;Br.N:C(SH):NH., or 
C;H,Br.-N H-C(SH):NH. 

Secondly, the tenacity with which the base retains its sulphur, 
not only on treatment with alkaline lead solution, but even after 
boiling with the much more potent ammoniacal silver nitrate, 
points strongly to the existence of a sulphur atom, held in closed 
chain between two other polyvalent atoms. Such a linkage would 
necessarily entail the withdrawal of the SH hydrogen (to form hydro- 
gen bromide), and the action would then occur in one of the two 
following ways, probably the former. 


C H.Br CH.: S 


1. CHBr<Gpee’ BN >O-NH, = HBr + CHBr< Gf N>CNEG: 
2. CHBr<Gy ES>O:NH = HBr + CHBr< GH n> ONE; 


with, of course, the alternative possibility that the bromine in the 
f-position might be removed instead, for example, 
CH.BrCHBr HS CH,BrCH °S 
CH, N CH,'N 
Moreover, these structures accord much better with the nighly basic 
character of the substance than those where the SH is supposed to 


: , CH,—Ny a, 
persist, for instance, CHBr<oy nH? SH. 
Other evidence of a more direct kind goes to confirm the views 
above stated. By combining methylthiocarbimide with bromethyl- 
amine, Gabriel obtained (Ber., 1889, 22, 1148), not methyl-brom- 
ethylthiocarbimide, CHs-NH-CS-NH-CH,CH,Br, but the hydro- 
bromide of a base, ‘n-methyl-ethylene-y--thiourea,” 
CHS 
CH.'N 


*In the same paper, he conjectures (p. 1145) that Maly’s dibromide, 


>C-NH, = HBr + >C-NE;. 


>C-NH-CH,.* 
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Hirsch, in like manner, starting from f-bromopropylamine, pre- 
pared (Ber., 1890, 23, 971) psc methyl and allylthiocarbimides, 
HMe'S 


the “ propylene ” Siilivedtwen, bu,— n2e ‘NHMe, and 
CHMe'S 
GH, _N ~>C-NHAI, 


respectively ; the structure of these compounds was established by 
their behaviour on oxidation, the first-named, for example, yielding 
methylamine, carbonic anhydride, and taurine. 


CHyS 4 GH: ‘SO,0H © 
vHMe + 2 ; 
OHYN n7e ‘NHMe + 2H.0 + 30 = NH.Me + CO. + dn. NH, 


These and other similar experiments by Gabriel and his pupils, 
have shown the easy mobility of a halogen atom, under the circum- 
stances mentioned; whence, by analogy, the general structure of the 
basic dibromopropylthiocarbimide derivative may be inferred, save as 
regards the position of its bromine. It has been pointed out, how- 
ever, by Paal (Ber., 1891, 24, 4253) that bromine is more readily 
eliminated from the y- than from the f-position (see also Andreasch, 
Monatsh., 1889, 5, 33); the constitution of the base is, therefore, 
presumably CHBr<y n> CNHs" that is, u-amido-y-bromopenthi- 
azoline. Regarded as a dihydric thiourea derivative, and marking 
the points of substitution in the carbon ring, a, B, 4, reckoning from 
the nitrogen attachment (n) of the latter, its structure may also “be 
systematicully expressed, according to the nomenclature referred to 
above, by the name f-bromotrimethylene-yn-thiourea. 

It was hoped that by reduction of the base with nascent hydrogen, 
its bromine might undergo replacement, and the position of the 
latter be directly ascertained by the production of either trimethylene- 
or propylene-pseudothiourea, thus 


CH:.S CH,°S 
CHBr< Gy N>CNH: + 2H = HBr + CH< GH N>CNED, or 
CH.Br: CH- S CH,-CH- S 
‘N 2 g => 
by ene ONE: + 2H = HBr + "tL >CNE 


but the methods tried, namely, treatment with sodium amalgam, or 
with tin and hydrochloric acid, led on!y to disruption of the molecule. 


C,H,N.SBr,, should be regarded as the hydrobromide of a similarly constituted 
base ; I only noticed this statement after practically all the work in this paper had 
been completed. 

* Probably capable of interacting also, under suitable conditions, in the 


desmotropic form, CHBr< ; ee C:NH. 


arc 
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The readiness with which the brominated thiocarbimide parts with 
an atom of its halogen, thereby forming the haloid salt of a base (or 
free hydrogen bromide) will be seen from what follows, to be as 
marked with primary and secondary amines (and even with alcohols) 
as in the case of ammonia; it seems, in fact, as though the brominated 
thioureas,* mono-, di-, or tri-substituted, are all alike incapable of 
existence under ordinary conditions. The question arises, therefore, 
whether, having regard to the apparent similarity of the cases to those 
above-mentioned, the “ chlorallylthiourea ”’ and ‘‘ bromallylthiourea,” 
briefly recorded by Henry (Ber., 1872, 5, 183), as resulting from the 
action of ammonia on @-chlor- and brom-allylthiocarbimides, respec- 
tively, are not also haloid salts, namely, the hydrochloride and 
CH.2:C—S i, 

(une NE 


I hope, later on, to re-examine these substances. 


hydrobromide of a basic ring compound, 


IODINE AND ALLYLTHIOUREA. 


By combining the above materials in alcoholic solution, Maly ob- 
tained (Zeit. f. Chem., 1869, 258) almost colourless crystals, soluble 
in water and alcohol, beginning to melt, with decomposition, at 90°, 
and consisting of C,H,N.8,I,. Like the corresponding bromo-deri- 
vative, this diiodide, on treatment with silver chloride, exchanged 
half its halogen for chlorine, yielding thereby the chloriodide, 
C,H,N,S,CIL. 

In repeating the former experiment, I added the calculated quantity 
of solid iodine, to allylthiourea, in alcoholic solution. Heat was 
evolved (this was checked by external cooling with water) and the 
iodine quickly dissolved, yielding a clear, brown solution; on concen- 
trating, and allowing it to cool, it solidified to a mass of hard, 
brownish crystals, which when washed with benzene and spirit, 
became nearly white, and melted at 132°5—133:5° (corr.) to a reddish 
liquid. 

There is so marked a divergence between this melting point, and 
that one given by Maly, that it was considered advisable to check 
the formula by analysis; figures, however, were obtained, agreeing 
with those required for the diiodo-addition product. 

0'2036 gave 0°259 AgI, and 0°1262 BaSO,; I = 68°73; S = 852. 

C,H,N,SI, requires I = 68°59; and S = 8°66 per cent. 

The compound is readily soluble in water and alcohol, insoluble 
in benzene; its aqueous solution is sharply acid to litmus, gives the 
reaction for iodine, after the addition of chlorine water, and is not 


* This does not apply to compounds in which the bromine is included in an 
aromatic ring. such as bromophenylthiourea. 
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desulphurised, either by ammoniacal silver, or by alkaline lead salts, 
even on boiling. 

Action of Caustic Alkali.—Ten grams of the di-iodide were dissolved 
in a little water, and the solution mixed with a slight excess of 
strong caustic potash; a dense, nearly colourless, very tenacious oil 
at once sank to the bottom. After a short time, the supernatant 
liquoe was poured off and examined; it was found to contain much 
alkali iodide. The residual oil (washed with water) became pasty at 
—8°, but did not solidify; it was very sparingly soluble in water or 
dilute alkali, insoluble in ether, miscible with a little spirit, readily 
soluble in hydrochloric acid, strongly alkaline to test-paper, and 
reacted freely for iodine when treated with chlorine water. In this 
case, therefore, as in that of the corresponding bromo-compound, part 
of the halogen is removed by treatment with cold alkali, and part 
left in a basic residue. In order to get the latter in a form fit for 
analysis, it was dissolved in dilute hydrochloric acid, and picric acid 
added to the clear solution. The bright yellow, amorphons precipitate 
thus produced was collected, well washed with water, and dissolved 
in boiling alcohol; on cooling, the solution deposited spherical aggre- 
gates of orange-yellow, minute prisms, darkening at 172°, and 
melting, somewhat indistinctly, at 176—177°. If heated more 
s'rongly, it turns reddish-black, swells up, and effervesces, evolving 
violet fumes of ivdine. It is practically insoluble in boiling water ; 
the alcoholic solution, if mixed with starch and chlorine water, and 
then diluted, gives no blue coloration. 

0°2094 gave 0°1032 Agl and 0°1057 BaSO,. S = 6:94; I = 26°62. 

C,H,N.SI,C,H;(NO,);OH requires S = 6°80; I = 26°92 per cent. 


The interaction may be thus represented— 


‘OSN,HyCHyCH:CH, + 21 = CHI<CH* S>0-NH, HI, 
2° i 


the iodised base, acgordingly, being “-amido-y-iodopenthiazoline, other- 
wise #-iodotrimethylene-yn-thiourea. When the base is treated 
with ammoniacal silver nitrate, a white precipitate forms, which is 
scarcely coloured, even by exposure to direct sunlight. 

Iodine appears not to combine with allylthiocarbimide. With 
indine monobromide interaction occurred, but no bromiodopropyltlio- 
carbimide could be obtained. 


Action or OrGaAnic Bases ON D1IBROMOPROPYLTHIO- 
CARBIMIDE. 


Numerous experiments were made in this direction, using primary 
and secondary bases, and phenylhydrazine. Interaction occurred 
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readily in every instance on warming, but the bases, when liberated 
from the corresponding hydrobromides by caustic alkali, were, very 
frequently, uninviting viscid masses, sometimes having the consist- 
ence of birdlime or pitch, and resisting all the attempts made to get 
them into suitable condition for analysis. The cases where definite 
results were attained are recorded below. 


Dibromopropylthiocarbimide and Paratoluidine. 


These, in molecular proportion, were separately dissolved in nearly 
absolute alcohol, the solutions mixed, and the alcohol driven off on 
the water bath. The residue, a thick, apparently uncrystallisable, 
acid syrup, consisting of the hydrobromide, was dissolved in dilute 
hydrochloric acid, and the clear, yellow solution treated with excess 
of caustic soda. The yellowish, heavy oil which was precipitated, in 
a short time changed to a whitish solid; the alkaline liquor poured 
off from this contained sodium bromide. The solid was twice re- 
crystallised from alcohol, and thus obtained in rosettes cf pointed, 
white prisms melting at 124—125° (corr.). 

Analysis gave the following result. 


0°2097 afforded 0°1743 BaSO, S = 11°42. 
C,,Hi;:N.SBr requires S = 11°24 per cent. 


The interaction may be thus formulated— 


CH,’S 


CH,Br-CHBr:CH,-NCS + C,H,;NH, = CHBr< op. NZ 


>C:NH-C,H,; 
+ HBr, 


the product being, accordingly, «-paratolylamido-y-bromopenthiazo- 
line, or, using the “thiourea”? nomenclature, 8-bromotrimethylene- 
yn-v-paratolylthiourea.* 

The substance is very faintly alkaline to test-paper, freely soluble 
in warm alcohol, much less so in cold, insoluble in water. It is not 
affected by boiling with alkaline lead solution, and gives, with am- 
moniacal silver nitrate, a white, amorphous precipitate, which is not 
blackened by heating the mixture. 


* Possibly, since thiocarbimide and a monosubstituted base are here interact- 


ing, the intermediate formation of a thiocarbamide, soc XH CHy CHBr CH,Br 


might be anticipated, with subsequent. break-down into <r ‘CHL > CHBr and 


HBr; but, in the first place, even if a thiocarbamide were initially produced, the 


” 


deformation of its molecule into the “labile” (thiourea) configuration, under 
the influence of the halogen, is to be expected; and, secondly, a compound having 
the structure indicated, would almost certainly give up its sulphur without difficulty 
to ammoniacal silver nitrate. 
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1-Orthotolylamido-y-bromopenthiazoline, CHBr< OH? S>C-NH-C:H,. 

After numerous unsuccessful attempts to isolate this compound, 
the following method was found to answer. Orthotoluidine and the 
thiocarbimide, in molecular proportion, were dissolved in spirit, and 
the mixture slowly evaporated on the water bath, so as to expel most 
of the solvent. The residue, a thick, yellow syrup, was transferred 
to a flask, and distilled with steam until the distillate ceased to be 
turbid ; the residue in the flask, a clear, colourless solution, mixed 
with traces of a dark oil, which refused to come over, was separated 
from the latter by filtration through paper, and the filtrate concen- 
trated on the water bath. On cooling, the hydrobromide sank as a 
clear, pale brown oil, which showed no signs of solidifying even after 
some days’ standing. It was then dissolved in a sufficiency of warm 
water containing a trace of spirit (about 20 volumes were required) 
and caustic potash added; the base was thereupon precipitated as a 
paste, which in a short time became tough. In this condition it was 
very freely soluble in boiling spirit, from which, on cooling, it was 
deposited in well-formed crystals; after a couple of recrystallisations 
from the same solvent, it formed beautiful, vitreous, apparently 
rhombic, plates, melting at 134°5—135°5° (corr.). 

02039 gave 0°1672 BaSO,. S = 11°27. 

C,,H,,N,SBr requires S = 11'2+ per cent. 

The orthotolyl base is feebly alkaline to litmus; when pure, it is 
somewhat sparingly soluble in boiling alcohol, much less so in cold, 
and insoluble in water. Its alcoholic solution, when treated with 
alkaline lead tartrate, is not desulphurised ; even the whitish precipi- 
tate, which falls on the addition of ammoniacal silver nitrate, may be 
boiled without the least sign of darkening. 


uB-Naphthylamido-y-bromopenthiazoline, CHBr< Oy N>CNH CH. 


By evaporating on the water bath mixed alcoholic solutions of di- 
bromopropylthiocarbimide and f-naphthylamine, the hydrobromide 
was obtained as a tenacious, brownish syrup, difficultly soluble in 
cold water. It was dissolved in dilute hydrochloric acid, the solu- 
tion mixed with excess of caustic alkali, and the precipitated free 
base, a thick, brown oil, washed with water, and set «side; after a 
few days it solidified, and by repeated recrystallisation from spirit, 
using animal charcoal, brilliant, nearly white, prisms were obtained, 
softening at 189°, and melting between 190 and 191° (corr.). 


0°1992 gave 0'1430 BaSO,. S = 9°86. 
C,,H,;N.SBr requires S = 9°98 per cent. 


i. 2 ee i 
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The base is neutral to litmus; slightly soluble in boiling water, 
easily in boiling alcohol, rather sparingly in cold; it is not visibly 
affected by boiling with alkaline solution of lead. Ammoniacal 
nitrate of silver precipitates a white, amorphous substance, not 
readily coloured by exposure to white light, and not blackened on 
' boiling ; this precipitate is insoluble in dilute nitric acid, but is decom- 
posed by the concentrated acid, with formation of silver bromide. 


uz-Naphthylamido-y-bromopenthiazoline, CHBr< op y>C-NH-CyH;. 

Operating as in the preceding case, an extremely viscid brown 
hydrobromide was obtained, practically insoluble in water; the base 
set free from the hydrochloric solution of the hydrobromide formed a 
tenacious paste, eventually acquiring a pitch-like consistence, it was 
insoluble in water, miscible with warm spirit, but did not crystallise 
from the latter. In a second experiment, the base was steam-distilled 
in order to remove any unchanged thiocarbimide or naphthylamine, 
but the product, even after long keeping, had solidified to only a 
trifling extent. For the purpose of analysis, the picrate was prepared, 
and purified by recrystallisation from boiling acetic acid. The myrtle- 
green prisms which separated on cooling were dissolved in hot hydro- 
chloric acid; or partly neutralising the solution, the picrate was 
thrown down as a bright yellow powder. 


0°2008 gave 00846 BaSO,. S = 5°80. 
C,,H,;N.SBr,C,H,(NO,);-OH requires S = 5°82 per cent. 


The base, in alcoholic solution, is not desulphurised by boiling with 
alkaline lead tartrate; on the addition of ammoniacal nitrate of silver 
a white precipitate falls, not blackened by boiling, but changing 
rapidly in sunlight, first to rose colour, and then to deep purple. 
Dilute nitric acid, added to an alcoholic solution of the base, affords a 
rich, but evanescent, purple-blue coloration. 


p-Methylphenylamido-y-bromopenthiazoline, 


CHBr< oy NC NMePh. 

Interaction occurred spontaneously on adding the thiocarbimide to 
(alcoholic) methylaniline, with evolution of so much heat that the 
mixture began to boil. The blackish-brown syrup thus obtained was 
treated as described for the corresponding orthotolyl compound. 
After steam-distillation, the filtered residue was of a pale, claret 
colour; when concentrated and allowed to cool, it solidified to a slate- 
coloured, crystalline mass, becoming white on washing with spirit ; 
by recrystallisation from hot water, small white prisms were ob- 
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tained melting at 183—184° (corr.). The hydrobromide is very 
freely soluble in alcohol and in hot water, much more sparingly in 
cold ; the solution has a marked tendency to remain supersaturated. 
Its aqueous solution reacts sharply acid, is not desulphurised by boil- 
ing with alkaline lead, or ammoniacal silver salts, and affords bro- 
mine when treated with chlorine water. 


0°2001 gave 0°128 BaSO,. S = 8°80. 
C,,H,:N.SBr,HBr requires S = 8°75 per cent. 


By mixing the aqueous solution with caustic potash, the base was 
thrown down as a heavy, brownish oil, which did not solidify in a 
freezing mixture; it is insoluble in water, soluble in alcohol, ether, 
benzene, and hydrochloric acid; the latter solution gives no reaction 
for bromine after treatment with chlorine water. Alcoholic silver 
nitrate precipitates a nearly white silver derivative ; if this be covered 
with nitric acid, no immediate change takes place, but after a short 
time sudden and violent action occurs with evolution of nitrous 
fumes, silver bromide being left. 


p-Piperidyl-y-bromopenthiazoline, CH Br<on n> ONGH,. 
2 


From the thiocarbimide, in alcohol, and piperidine: here, as with 
the other secondary base (methylaniline), vigorous action spontane- 
ously occurred, the mixture boiling freely. On cooling, beautiful, 
anemone-like, crystalline tufts appeared, and the whole mass pre- 
sently solidified; the product, after two recrystallisations from boil- 
ing spirit, formed brilliant, colourless, vitreous prisms, freely soluble 
in hot, but only sparingly in cold, alcohol, and melting at 189—190° 
(corr.), with previous sintering at 188°. It dissolves also in cold 
water, yielding a solution which is neutral to litmus; tlis solution, 
when treated with chloroform and chlorine water, gives the reaction 


for bromine. 


0°2588 gave 0°1792 BaSO,. S = 951. 
C,H,,N.SBr,HBr requires S = 9°31 per cent. 


The aqueous solution is not desulphurised by boiling with alkaline 
lead tartrate, but becomes clear yellow; with ammoniacal silver 
nitrate in excess, a bulky, white precipitate falls; the latter is very 
sensitive to light, a rich purple colour developing after a few 
seconds’ exposure in the sun. 

By adding dilute caustic potash, the free base was at once pre- 
cipitated as a clear, almost colourless, strongly alkaline syrup, 
insoluble in water and alkali, soluble in alcohol, ether, and acids ; it 
contains halogen, as shown by the copper oxide test, but does not 
react for it on treatment with chlorine water. 
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The alkalinity of the piperidy] base is so great as to allow of titra- 
tion by standard acid ; but on account of its practical insolubility in 
water, this is best performed indirectly. 

0°3828 gram, dissolved in 20 c.c. N/10 HCl, required for neutrali- 
sation, 5°5 c.c. N/10 NaOH, corresponding to 14°5 c.c. acid used ap 
to form the hydrochloride. Theory for C,H,;N,SBr,HCl requires 
1458 c.c. 


Action oF ALCOHOLS ON THE THIOCARBIMIDE. 


Dibromopropylthiocarbimide and Ethylic Alcohol. u-Ethowy-y-bromo- 
penthiazoline. 


This reaction was carried out in the expectation of obtaining the 
sulphuretted urethane-— 


CHBr<On NCS + C,H,OH = SC< 


NH-CH,CHBr-CH,Br 
OC2H; : 
Eight grams of thiocarbimide, together with excess of anhydrous 
ethylic alcohol, were sealed up, and heated for about an hour, at a 
temperature slightly over 100°, On opening the tube, some gas 
escaped, smelling of mercaptan, and blackening lead paper; the 
contents of the tube thereupon partly crystallised. The mother 
liquor, from which the crystals had separated, was sharply acid to 
litmus, and contained hydrobromic acid. After two recrystallisations 
from hot alcohol, the solid was deposited in small, white prisms, 
melting at 96—97° (corr.) ; they were dried in a vacuum over sul- 
pharic acid and analysed, with the following results. 


0°2922 gave 0°3072 BaSO,. S = 14°45. 
0225 ,, 01893 AgBr. Br= 35°79. 


Consequently, the thiourethane, which would require 10°5 of S and 
52°4 of Br, had not been produced, but, as in the corresponding 
experiments with amines, the addition product, if formed at all, is 
unstable, and decomposes under the conditions of experiment, with 
elimination of the elements of hydrogen bromide, and production of 
a closed-chain compound. 
Theory for 
C,H,)NSOBr. Experiment. 
14°45 
35°79 


The substance is moderately soluble in hot water, much less so in 
cold (the solution has a distinctly acid reaction to litmus), freely in 
boiling alcohol, but only sparingly at the ordinary temperature ; it dis- 
solves also in hydrochloric acid, from which it again separates on the 
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addition of dilute caustic alkali. It is not affected by boiling with 
alkaline lead tartrate, and gives no colour reaction with ferric chloride. 
Neutral, or ammoniacal, silver nitrate throws down a yellowish-white 
precipitate, which is decomposed by strong nitric acid, in the cold, 
with formation of silver bromide; this silver compound is remark- 
ably sensitive to actinic light, rapidly changing in ordinary (diffused) 
daylight, through mauve and violet, to deep purple. On boiling, it 
is not desulphurised, but, on the contrary, whitens somewhat, thereby 
losing, to a great extent, its sensitiveness to light. 

A very rough comparative experiment on the latter property was 
made, by adding silver nitrate to separate solutions of ammonium 
chloride and the substance, and exposing the resultant precipitates 
(Nos. 1 and 2 respectively) to dull daylight: In one minute, No. 2 
began to colour, whilst Nv. 1 was yet not visibly affected; after 
seven minutes, a faint mauve coloration was perceptible in No. 1, 
No. 2, meanwhile, had acquired a strong purple colour. 

Marked analogy appears to subsist between the action of dibromo- 
fropylthiocarbimide on the nitrogen bases, on the one hand, and 
ethylic alcohol on the other. In both cases, one-half of the thio- 
carbimidic bromine is eliminated in the form of hydrogen bromide ; 
the failure of the alcohol derivative to desulphurise under the 
influence of lead, and especially of silver salts, points equally to the 
inclusion of sulphur as an integral member of an organic ring; and 
on the principle already mentioned, regarding the comparatively 
easy withdrawal of the end bromine atom, it is fairly safe to conclude 
that with respect to ring-closing also, the alcohol process runs a like 
course as in the case of the nitrogen bases (including ammonia). 
Accordingly, the interaction may be, at least provisionally, repre- 
sented as follows. 


C H.Br 


CH, Ss 
CHBr<GH.NCS . 


+ O,HyOH = CHBr< Gy" y>C-00.H; + HBr, 


the former product being the ethylic salt of B-bromotrimethylene- 
vn-thiocarbamic acid or, more shortly, s-ethoxy-y-bromopenthi- 
azoline. 


p-Methoxy-y-bromopenthiazoline, CHBr<pi N>C-OCEh. 

This was obtained from the thiocarbimide and pure methylic alcohol 
by heating in a sealed tube for something over an hour at 110—115°; 
there was slight pressure on opening it, and a little hydrogen sulphide 
escaped, together with a fuming acid gas (HBr). The clear liquid 
product was evaporated to an oil, which, on rubbing with a glass rod, 
solidified ; the solid was dissolved in hot, dilute spirit, and, on cool- 
ing, separated as a nearly white, crystalline mass, melting, without 
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decomposition, at 95—96°. Figures were obtained on analysis agree- 
ing with those required for the methoxypenthiazoline. 


02011 gave 0180 AgBr. Br = 38:09. 
02005 ,, 0°2266 BaSO, S = 15°53. 
C,;H,NSOBx requires Br = 38°05; S = 15°26 per cent. 


The methoxy-derivative is easily soluble in hot water and alcohol, 
rather sparingly in the cold. It is neither desulphurised by boiling 
with alkaline lead tartrate nor by ammoniacal silver nitrate; the 
latter precipitates a yellowish silver compound, whitening somewhat 
on standing in the dark, and, like the corresponding ethoxy-deriva- 
tive, very sensitive to even dull, white light. 


a-Propoxy-y-bromopenthiazoline, CHBr< Gy N>C'0-CHyCH,CH,. 


Dibromopropylthiocarbimide and excess of normal propylic alcohol 
were heated together as in the preceding experiment; on cooling, 
the originally turbid mixture* had given place to a crystalline solid 
plus a clear liquid. There was no pressure on opening the tube, 
but the contents smelt of hydrogen sulphide, evolved a little acid 
vapour, and gave a strong acid reaction, due to hydrobrombic acid. 
After three recrystallisations from spirit, the solid was obtained in 
white, pyramidal crystals, melting, without decomposition, at 96—97° 
(cerr.). 

0'2025 gave 02019 BaSO,. S = 13°70. 

C;H,,NSOBr requires S = 13°47 per cent. 


u-Propoxy-y-bromopenthiazoline is moderately soluble in hot water, 
easily in hot spirit, rather sparingly in cold. Like its congeners, it 
is not desulphurised, either by boiling with alkaline lead solution, or 
by neutral or ammoniacal silver nitrate. The latter reagent throws 
down a yellowish, amorphous derivative, changing, on boiling, to 
white; insoluble in dilute nitric acid, but decomposed by warming 
with the concentrated acid, with formation of silver bromide: this 
silver compound also (unless boiled) is sensitive to light in a high 
degree, and changes rapidly to mauve even in very dull daylight. 
In a rude comparative experiment, similar to that with the ethoxy- 
compound, silver chloride was barely perceptibly altered in 
10 minutes, the other silver derivative being then purple; in 
15 minutes, when a faint bluish coloration was beginning to show 
with the former, the latter had assumed a deep purple colour. 


* The thiocarbimide dissolves tolerably freely in cold methylic alcohol, much less 
80 in even anhydrous ethylic alcohol; in propylic alcohol it is rather sparingly 
soluble. : 
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ADDENDUM.—Imidazolines. 


The relations of the azoline compounds with which this paper is 
pone are indicated by the ie formulee— 


cuits Desthdeaition. Schtentiens 


Amongst thiazoline derivatives of the above type (apart from sub- 
stitution in the carbon chain), «-hydrogen is alone replaceable; the 
imidazolines, on the other hand, present two points where such 
replacement can occur, namely, CH(u) and NH(n). By the intro- 
duction into the latter, in either of these positions, of sulphuretted 
groups, forms can result, in which the sulphur is contained without 
the ring, and which are isomeric both with one another and with the 
thiazolines. Thus, for example, taking a methyl derivative as start- 
ing point, and assuming the substitution by a sulphur radicle to 
occur solely in the p-position, one thio and two imidic forms are 
possible, 


re CH; N CH; NMe 
yoCNHMe fens ye ‘SMe by __n>CSH 


p- aT u-Thiomethylimidazoline. 2-Methylthioimidazoline. 
with two further possibilities if the m-hydrogen is in like manner 
replaced, or five isomers in all. The thio-compounds described below 
are imidazolines of the last-named, or n-, re and were prepared 


from the imidic base »-methylimidazoline,* ‘NS>C-OH, 
_ 


u-Methylimidazolylphenylthiourea, CsHy'N:0(SH)-N <oqy yn. 
2 2 


Phenylthiocarbimide and «-methylimidazoline were separately dis- 
solved in nearly anhydrous alcohol, and the solutions mixed ; inter- 
action commenced at once, with evolution of heat, and white érystal- 
line matter quickly began to separate, the yield amounting to about 
85 per cent. of that theoretically obtainable. On treating the 
product with boiling spirit, nearly the whole dissolved, leaving a 
trifling quantity of white, apparently amorphous, residue ; the filtrate 
from the latter, when cool, deposited thick, lustrous, white prisms, 
which, after again recrystallising, melted at 173—174° (corr.) to a 
yellowish clear liquid. 

Analysis for sulphur afforded the following result. 


* The material employed was a sample of “ Lysidine,” kindly supplied to me by 
Messrs. Jeyes; it is the 50 per cent. aqueous solution of the abgve base. 
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02059 gave 0°2184 BaSO,. S = 14°58. 
C,,H,;N;S requires S =: 14°62 per cent. 


The compound is, accordingly, an addition-product of base and 
thiocarbimide ; its formula is given above, and it may be named either 
u-methylimidazolylphenylthiourea, or n-phenylthiouramido-”-methyl- 
imidazoline. 

It is slowly, and somewhat sparingly, soluble in hot water or 
alcohol, nearly insoluble in the cold, very sparingly in benzene, easily 
in cold, concentrated hydrochloric acid. Warm alkali dissolves it to 
a moderate extent, and the solation, when boiled with alkaline lead 
tartrate, is readily desulphurised ; the alcoholic solution, when mixed 
with ammoniacal] silver nitrate, blackens instantly. 

Tertiary thioureas, so far as my experience goes, are either not 
desulphurised at all by alkaline lead tartrate, or else only with great 
difficulty, and after prolonged boiling; this and the following seem 
to be exceptional cases. 


u-Methylimidazolyl-orthotolylthiourea, 


CH, C.HeN:C(SH) N< GWG SN. 

This compound was prepared from the base and orthotolylthio- 
carbimide, as described for the phenylic homologue; the yield of 
crude product amounted to 92 per cent. of the theoretical. By 
erystallising from spirit alone, the product was slightly brownish, 
but, after further treatment with spirit and animal charcoal, it was 
obtained in fine, white crystals, melting at 159—159°5° (corr.). The - 
formula was checked by a sulphur determination. 


0°2018 gave 0°202 BaSQ,. S = 13°76. 
C,,.HisN;S requires S = 13°74 per cent. 


The compound is moderately soluble in water, freely so in boiling 
alcohol ; it resembles generally the preceding compound in properties, 
the potash-solution, moreover, is desulphurised moderately readily 
by boiling with alkaline lead tartrate. 

Ethyl- and allyl-thiocarbimides also combined with the base on 
warming ; the products, in both cases, were sticky oils, which did not 
show any signof solidification after long standing. 


Chemical Department, 
Queen’s College, Cork. 


IV.—Studies of the Terpenes and Allied Compounds. 
New Derivatives from «-Dibromocamphor. 
By Martixy Onstow Forsrer, Ph.D., First Salters Company’s Re- 
search Fellow at the City and Guilds of London Institute Central 
Technical College. 


Introductory. 


Tuer behaviour of «-dibromocamphor towards nitric acid was studied 
more than 10 years ago by Kahler and Spitzer, who allowed a mix- 
ture of equal parts of concentrated and fuming acid to act ou dibro- 
mocamphor during a protracted period (Monatsh., 1883, 4, 554) ; 
they recorded the formation of dinitrobromomethane, camphoronic 
acid, C)H,.0;, hydroxycamphoronic acid, C,H,.0,, and a small quan- 
tity of a crystalline substance melting at 87—88°, which may have 
the composition C.,H;;BrN,O,.. From £-dibromocamphor and fuming 
nitric acid the same investigators obtained a nitro-8-dibromocamphor 
melting at 130° (Monatsh., 1882, 3, 218; 4, 566). 

In the hope that light would be thrown on the structural relation- 
ship existing between «-dibromocamphor and the B-modification, Dr. 
Armstrong suggested that an attempt should be made to obtain a 
nitro-derivative from the former, isomeric with nitro-8-dibromocam- 
phor. On subjecting «-dibromocamphor to the action of fuming 
nitric acid (density 1°52), it was soon observed that a somewhat re- 
markable change takes place; the substance is rapidly dissolved by 
the acid, and at first the temperature falls, but then gradually rises 
spontaneously to about 70°, when dense, ruddy fumes are liberated 
in large volume. From the oily product, a crystalline substance is 
isolated without difficulty, in quantity amounting to about 10 per 
cent. of the material used ; it is free from nitrogen, and has the com- 
position C,,H,Br.02.* 

The conditions which affect the production of this substance afford 
no clue to its chemical nature. A careful study of the derivatives to 
which it gives rise, however, reveals its lactonic character, the single 
oxygen atom by which its empirical formula differs from that of di- 
bromocamphor appearing to enter the ring between the carbony! 
group and one of the neighbouring carbon atoms. There is every 


* In a preliminary notice of the investigation (Proc., 1895, 4), this substance was 
described as haying the composition CjgH,,Br,0,. Study of its derivatives having 
shown that it must be represented by the formula CjgH,,Br.0,, the numbers re- | 
quired by this expression were calculated, and were found to agree more closely 
with the analytical results already announced (Joc. cit.) than does the percentage 
composition of a substance having the formula C,oH,,Br.0.. 
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reason to suppose that the bromine atoms occupy relatively the same 
position as in 2-dibromocamphor, it being unlikely that the forma- 
tion of the new compound affords an instance of rebromination, as, 
although bromine is liberated in the course of the action, the pre- 
sence of silver nitrate does not interfere with the production of the 
substance; moreover,,addition of bromine to the nitric acid used, 
does not augment the yield. A noteworthy fact in connection with 
this change is the importance of using the strongest nitric acid pro- 
curable ; in carrying out the investigation it has been customary to 
distil 500 c.c. of commercial fuming nitric acid (density 152) from 
200 c.c. of concentrated sulphuric acid, the operation being inter- 
rupted when 400 c.c. has passed over. 

The dibromolactone obtained in the manner indicated gives rise 
to an interesting series of compounds, and before passing on to the 
experimental matter with which the present communication deals, 
it appears desirable to give a brief sketch of these substances, and 
the manner in which they are related to one another. 

The properties of the initial compound are most characteristic. It 
crystallises very readily from organic solvents, forming long, pris- 
matic needles melting at 152°; cold, concentrated sulphuric acid has 
no action on it, and it may be crystallised from hot, fuming nitric 
acid. The substance is indifferent towards plenylhydrazine, ani- 
line, benzoic chloride, acetic anhydride, and hydroxylamine, but is 
attacked by alkalis with great readiness. Thus alcobolic potash elimi- 
nates bromine, giving rise to a lactone of the formula C,)H,,03, which, 
under the influence of a boiling solution of barium hydroxide, yields 
the acid CjoH,.O,, melting at 203°. As will be seen from its empiri- 
cal formula, the lactone C,,>H,,O; cannot be regarded as the substance 
of which the dibromolactone is a haloid derivative, and this is also 
shown by the fact that, on brominating the lactone, only one atom of 
the halogen enters the molecule, a derivative of the composition 
CioH,;BrO; being formed. It seems probable that the production of 
the lactone involves the displacement of bromine by hydroxyl groups, 
and the subsequent elimination of the elements of water. 

Whilst alkalis eliminate both bromine atoms from the dibromolac- 
tone, only one is removed by reducing agents. Simultaneously, how- 
ever, the lactone ring is split, and an unsaturated monobromocar- 
boxylic acid is produced. This substance, which has the formula 
CyHisBrO., melts at 159°; it forms well-defined salts, and has 
marked acidic characteristics, dissolving in a cold, aqueous solution of 
sodium carbonate, liberating carbon dioxide, and although but spar- 
ingly soluble in boiling water, the solution is distinctly acid towards 
litmus. Its unsaturated character is revealed by the behaviour 
of a solution containing sodium carbonate towards potassium 
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permanganate, which it immediately decolorises, and also by the 
readiness with which bromine dissolved in chloroform is decolorised 
when mixed with a solution of the acid in the same medium. The 
product of the latter change consists entirely of a dibromolactone, 
which it is to be supposed is formed by the elimination of hydrogen 
bromide from a tribromocarboxylic acid, incapable of existing in the 
free state. Fittig has shown that a similar behaviour towards bromine 
is characteristic of By-unsaturated acids, which take up two atoms 
of the halogen, and at once part with hydrogen bromide, yielding 
a B-bromo-7-lactone. 

The behaviour of the monobromocarboxylic acid towards sulphuric 
acid affords further evidence in favour of the view that it is a By-un- 
saturated acid. It is characteristic of these substances that, when 
subjected to the influence of sulphuric acid, they are converted into 
the isomeric lactones, the investigations of Fittig and his pupils 
having shown that this behaviour is generally manifest in the aliphatic 
series, but is not met with among aromatic compounds (Ber., 1894, 
2'7, 2668). When this test is applied to the acid from camphor, it is 
found to be converted by sulphuric acid into an isomeride which 
erystallises in magnificent, lustrous plates, melting at 93—94°. It 
has the properties of a lactone, and, on hydrolysis, yields an acid free 
from bromine. The bromolactone is a saturated compound, being 
indifferent towards bromine, and fuming nitric acid has no action on 
it, whereas the isomeric bromocarboxylic acid readily yields a nitro- 
compound. 

Although the halogen in the bromocarboxylic acid resists the action 
of such reducing agents as zinc and acetic acid, sodium and alcohol, or 
tin and hydrochloric acid, the bromine is completely eliminated when 
a solution of the sodium salt is submitted to prolonged treatment 
with sodium amalgam at the temperature of boiling water. The 
product, which has the formula C,oH1.0,, melts at 161°, and exhibits 
the character of a fy-unsaturated acid. It dissolves in a cold 
aqueous solution of sodium carbonate, liberating carbon dioxide, and 
the solution in hot water is acid towards litmus; potassium perman- 
ganate is immediately decolorised when added to a cold, alkaline 
solution of the acid. The solution in chloroform at once decolorises 
bromine dissolved in the same medium, and hydrogen bromide is 
liberated, a monobromolactone of the composition C,H,;BrO, being 
formed, which melts at 62°, and is isomeric with the bromolactone 
obtained directly from the bromocarboxylic acid. 

When the carboxylic acid, CipH,.O,, is dissolved in concentrated 
sulphuric acid, it is transformed into an isomeric lactone which melts 
at 176—177°; it resembles camphor in appearance, has the odour of 
that substance, and sublimes slowly at 100°. Its properties are lac- 
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tonic, and it gives rise to an acid, C,H,,0;, which crystallises in 
lustrous needles, and melts at 179°. 

Nomenclature.-—The desirability of being in a position to refer 
without confusion to these substances has rendered necessary the 
adoption of some convenient system of nomenclature. On consider- 
ation of their empirical formule, it will be seen that the compounds 
in question arrange themselves into two classes, typified on the one 
hand by the carboxylic acid, C,H,.O., formed from the bromocarb- 
oxylic acid obtained from the original dibromolactone by means 
of alcoholic ammonia and zinc dust, and on the other from 
the isomeric lactone to which the acid gives rise under the 
influence of concentrated sulphuric acid. It is proposed that refer- 
ence be made to the new acid as camphorenic acid, a name which 
indicates, by the syllable ex, the unsaturated nature of the substance. 
The isomeric lactone will be called campholid, the termination olid 
indicating, according to systematic nomenclature, a compound of 
lactonic character. The product of the action of fuming nitric acid 
on 2-dibromo-camphor is, therefore, dibromocampholid, and the acid 
obtained on reducing this substance will be called bromocamphorenic 
acid. It is proposed to indicate the isomerism exhibited by the pro- 
duct of the action of sulphuric acid on bromocamphorenic acid, and 
the compound obtained from camphorenic acid and bromine, by 
referring to these substances as a-monobromocampholid and B-mono- 
bromocampholid respectively. 

The generic relationship which runs through the new group o 
compounds will be, perhaps, more clearly illustrated by the following 
scheme, intended to represent the steps by which it is possible to pass 
from one compound to another. 


a-Dibromocamphor, 
CioH,,Br,0 ; m. P- 61° 


Dibromocampholid, 
Cy9H,4Br.0; ; m. p. 152°. / 
yi 


- 7 
Bromocamphorenic acid, Lactone, C\yH,,0,; m. p. 174°. 
CoH); Brg ; m. p. 159°. it 1 r] 

Bromolactone, Acid, CypH,,0,; 
C,9H,;BrO,; m. p. 196-197°. m. p. 203°. 
=) 
r ; ia ‘ Si Adib ae 
Camphorenic acid, a-Monobromocampholid, Oxidation acid, 
C\oH\,0.; m. p. 161°. CioH,;BrOyy, m. p. 93-94". Ci9H,,O, ; m. p. 184°. 
1 Me ila ; U > Jae 

Campholid, 8-Monobromocampholid, Anhydride, 

CioH,,0,; m.p. 176-177". C,,H,;BrO.; m. p. 62°. C2)H 903; m. p. 84-85°. 


Hydroxy-acid, 
CoH\,03; m. p. 179°. 


In view of the relation between dibromocampholid and campholid 
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itself, it was to be expected that, when brominated, the latter would 
either give rise to the former, or become converted into one of the 
isomeric monobromo-derivatives. Campholid, however, is not attacked 
by bromine at 100°, and the two monobromo-derivatives are also 
indifferent towards the halogen ; moreover, camphorenic acid and the 
sodium salt are converted by bromine into B-monobromocampholid, 
no trace of dibromocampholid being formed. When, however, the 
methylic salt of camphorenic acid is brominated, a mixture of mono- 
and dibromocampholid is formed. This is most likely owing to the 
effect produced on the neighbouring methenyl group by neutralising 
the carboxyl radicle. While this is free, bromination does not take 
place, and the halogen merely saturates the ethylenic linking, where- 
upon hydrogen bromide is eliminated, and this change leads to the 
formation of a monobromolactone; when, however, the carboxyl 
radicle is rendered inactive by the introduction of the methyl group, 
substitation occurs in the neighbouring methenylic residue at the 
same time, and the usual addition of bromine also takes place, the 
ethylenic linking becoming saturated, and this being followed by 
elimination of methylic bromide, the closing of the ring is effected, 
and a dibromolactone is formed. 

Specific Rotatory Power.—The lactones and unsaturated acids with 
which the present communication deals, are all optically active, and 
their examination has afforded striking evidence of the alteration 
in rotatory power attending ring formation. It has been already 
observed in the case of several acids belonging to the sugar group that 
the formation of the lactone ring involves a very marked alteration 
in the behaviour towards polarised light ; for instance, whilst gluconic 
acid has the specific rotatory power [a]p = —1°74° (Annalen, 1892, 
271, 78), the lactone has [a]p = +68°2° (Ber., 1890, 23, 2626), and 
mannosaccharic acid, which is very feebly active, forms a double 
lactone which has [a@]p = +201°8° (Ber., 1891, 24, 541). It is, 
therefore, interesting to observe that the changes involved in the pro- 
duction of such lactones as campholid and its bromo-derivatives are 
also attended with radical alterations in specific rotatory power. With 
regard to campholid, whilst camphorenic acid has [a]p = +179°4° 
in chloroform, the isomeric lactone has [a]p = +27°4° in the same 
medium. Bromocamphorenic acid has, in chloroform, the specific 
rotatory power [@]p = +144°1°, whilst the isomeric a-bromocampholid 
has [@]p = +10°9°; 8-bromocampholid, the formation of which 
involves elimination of hydrogen bromide from brominated cam- 
phorenic acid, has the specific rotatory power [a]p = +3°5° when 
dissolved in a certain proportion of chloroform, becoming inactive 
when the solution is more concentrated. 

Although systematic investigation of the influence exerted by the 


a 
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solvent on the specific rotatory power of these substances must be 
postponed for the present, experiment has shown that in the case of 
bromocamphorenic acid and f-bromocampholid, the use of benzene 
instead of chloroform is attended with a marked change in the rota- 
tion, and to a smaller extent dibromocampholid is affected in the 
same way. Thus the latter substance has [z]p = +64°5° in chloro- 
form, a solution of identical concentration in benzene giving [@]p = 
+69°8. Bromocamphorenic acid has [@]p = +144°1° in chloroform, 
and +161:3° in benzene, whilst 8-bromocampholid has [a]p = +3°5° 
in chloroform, and —21°2° in benzene. It would be possible to quote 
many instances of the influence on rotatory power which the nature 
of the medium exerts, for example, the recent observation of 
Herzfeld (Ber., 1895, 28, 440), regarding the specific rotatory power 
of octacetylmaltose, which has been determined in chloroform and 
benzene, and is found to be [@]p = +61°0 and [a]p = +76°5° in 
the respective media. Whilst in this instance it is merely degree of 
rotation which is affected, rare observations of alteration in sign 
have been recorded; thus Freundler (Compt. rend., 1890, 117, 556), 
determining the specific rotatory power of propylic diacetyltartrate, 
found [@]p = +36°7° in carbon bisulphide, and —2°6° in bromo- 
form. The camphor series, moreover, affords a still more striking 
instance of this phenomenon. «-Nitrocamphor has the specific 
rotatory power [2]; = —7°5° in alcohol, and [a]; = —140° inchloro- 
form, whilst in the case of the S-modification, the value of [a]; is 
+ 75° in aleohol, and —7°5° in benzene. 


EXPEKIMENTAL. 
Dibromocampholid, CyyHBr20>. 


One hundred grams of recrystallised «-dibromecamphor are placed 
in a capacious flask (80 oz.), and covered with 200 c.c. of the 
strongest fuming nitric acid. The temperature of the liquid is at 
first sensibly reduced, and gradually rises spontaneously to about 70°, 
at which point a violent action takes place, rendered evident by 
vigorous evolution of ruddy fumes, and the generation of mach heat. 
When all action ceases, the liquid is allowed to cool; on pouring it 
into a large volume of cold water,a heavy, brown oil separates, which 
is washed two or three times with cold water, and subsequently agi- 
tated for about 10 minates with boiling water. As a consequence of 
this treatment it becomes very viscous, and acquires a pale yellow 
colour ; when freed from water it readily dissolves in twice its bulk 
of boiling spirit, and the liquid solidifies to a crystalline magma on 
cooling. After expressing the oily mother liquor, the residue is 
washed two or three times with cold alcohol, and then recrystallised 
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from the minimum quantity of boiling spirit. Dibromocampholid is 
thus obtained in magnificent, lustrous needles, which frequently 
attain to more than an inch in length; it melts at 152°. 

The following results were obtained on analysis. 


0°1419 gave 0°1918 CO, and 0°0560 H.0. C = 36°86; H 

0°2071 ,, 02806 CO, and 0°0814 H.0O. C = 36°95; H 

01044 ,, 01203 AgBr. Br = 48°84. 

01076 ,, 01244 AgBr. Br = 49°13. 

01854 ,, 02133 AgBr. Br = 49°20. 

C,.HyBr,O, requires C = 36°81; H = 4:29; Br = 49-08 per cent. 


Although many attempts have been made to increase the yield of 
this substance by varying the conditions attending its formation, it 
has never been obtained in quantities exceeding in weight 1] per 
cent. of the material used. Thus it is found that the use of smaller 
quantities of dibromocamphor (5, 10 or 20 grams), or of a greater 
proportion of nitric acid, has no influence on the relative amount of 
the product, nor is the yield augmented on checking the vigour of 
the action by immersing the flask in cold water. If nitric acid, 
having a lower density than 1°52 be taken, no spontaneous rise of 
temperature is observed, and almost the whole of the dibromocam- 
phor can be easily recovered from the oil obtained oo pouring tke 
solution into cold water. 

As it appeared not unlikely that the formation of the compound 
involved a liberation of bromine and the consequent bromination of an 
intermediate product, tinely powdered silver nitrate was dissolved in 
the strongest fuming nitric acid, which was then allowed to act on 
a-dibromocamphor. Silver bromide was obtained in quantity repre- 
senting 30 per cent. of the halogen available, but the yield of dibro- 
mocampholid was unaltered ; when, moreover, 20 c.c. of bromine was 
added to the quantity of nitric acid usually taken, action proceeded 
in the ordinary manner, but no increase in yield was observed. 

Dibromocampholid is insoluble in water, and scarcely soluble in 
cold alcohol, but dissolves in the boiling solvent, and also in ether, 
chloroform, petroleum, acetone, and glacial acetic acid ; it crystallises 
from ethylic acetate in magnificent, long, transparent prisms, be- 
longing to the orthorhombic system. It sublimes at a high temper- 
ature, and is somewhat volatile in an atmosphere of steam. The 
compound is indifferent towards bromine, and dissolves in concen- 
trated sulphuric and fuming nitric acids without undergoing change, 
crystallising from the latter in long, transparent needles. It is in 
many respects a remarkably inert substance, and crystallises un- 
altered from boiling aniline, phenylhydrazine, acetic anhydride, or 
benzoic chloride ; when it is heated, however, with an aqueous solu- 
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tion of sodium carbonate and alcohol, bromine is removed; and the 
halogen is also eliminated when the substance is heated for some time 
with a mixture of equal parts of nitric acid (density 1°42) anu water. 
Dibromocampholid undergoes no change when the solution in glacial 
acetic acid is boiled for several hours with hydroxylamine hydro- 
chloride. 

The specific rotatory power of a solution containing 1°0269 grams 
in 25 c.c. of chloroform was determined in a 2-decimetre tube at 11°; 
the mean of six concordant readings gave ap = +65° 18’, whence 
[a]p = +64°5°. It has been already stated that the influence which 
the nature of the solvent exerts on the rotatory power of dibromo- 
campholid is more feeble than in the case of S-bromocampholid and 
bromocamphorenic acid ; a solution in benzene of the above concen- 
tration gave ap = +5° 40’ at 15°, whence [a]p = +69°8°. 


Hydrolysis of Dibromocampholid. 


It has been already mentioned that elimination of halogen from 
dibromocampholid is readily effected by alkalis. The result of treat- 
ment with alkaline hydrolytic agents is the production of an acid 
having the formula C,)H,.O,, the lactone C,H,,O; being obtained as 
an intermediate product, in quantity varying according to the experi- 


mental conditions. Alcoholic potash is the agent most favourable to 
the formation of the lactone, whilst aqueous solutions of barium and 
sodium hydroxide give rise almost exclusively to the acid; the action 
of these alkalis on dibromocampholid will be therefore described in 
the order named. 

Action of Alcoholic Potash on Dibromocampholid.—Twenty grams of 
the finely powdered substance are covered with about 50 c.c. of boil- 
ing alcohol, and heated for three hours in « reflux apparatus with 
23 c.c. of an aqueous, 50 per cent. solution of caustic potash, which 
is added to the alcoholic liquid in small quantities at a time. The 
substance gradually dissolves, and the alkalinity produced by each 
fresh addition of potash is allowed to disappear before any more is 
added. The clear, red liquid, which is faintly alkaline, is allowed to 
cool, filtered from the potassium bromide which crystallises out 
along with unaltered substance (about 0°5 gram), reduced to small 
bulk by evaporation, and set aside for 48 hours. The crystalline 
substance which separates during this time is freed from oil, washed 
two or three times with cold petroleum, and recrystallised from hot 
alcohol; it is thus obtained in lustrous plates, and melts at 174°. 
From the analytical results, it will be seen that the compound has 
the formula C,,H,,Os. 
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0:1703 gave 0°4097 CO, and 0°1183 H,O. C = 6560; H = 7°71. 
0:1227 ,, 02946 CO, and 0°0839 H.O. C = 65°48; H = 7°60. 
C,oH,,0; requires C = 65°93; H = 7°68 per cent. 


A solution of 1°1826 grams in 25 ¢c.c. of chloroform was examined 
at 15° in a 2-decimetre tube; the rotation a) = —11° 6’, whence 
{a]p = —117°3°. 

The lactone is somewhat soluble in cold water, from which it crys- 
tallises in thick, transparent prisms; it fuses to an oil in boiling 
water, which dissolves it readily, forming a neutral solution. Al- 
though insoluble in cold alkalis, it dissolves readily when the solu- 
tion is boiled, and no precipitate is formed on acidifying the cold 
liquid; it ecrystallises unchanged from boiling, aqueous ammonia. 
Phenylhydrazine has no action on it, and it is indifferent towards 
boiling acetic anhydride. 

The bromo-derivative, C\yH,,;BrO;, is obtained by the action of bro- 
mine on the lactone. When the dry substance is covered with the 
halogen, no change takes place at first, but after remaining in contact 
for about a minute, action occurs quite suddenly, hydrogen bromide 
being liberated. The solid product is treated with sulphurous acid, 
washed several times with cold water, and finally crystallised from a 
considerable quantity of boiling alcohol, which deposits it, on cooling, 
in slender, lustrous needles melting at 196—197°. The following 
results were obtained on analysis. 


01406 gave 0°2375 CO, and 0:0657 H,O. C = 46:06; H = 5:18. 
01460 ,, 01062 AgBr. Br = 30°91. 
CyoH,,BrO, requires C = 45°98; H = 498; Br = 30°65 per cent. 


The bromolactone does not dissolve in water; it is insoluble in cold 
alkalis, but dissolves when the solution is boiled, and no precipitate 
is formed on acidifying the cold liquid. The halogen is eliminated 
on treatment with hot, alcoholic ammonia and zinc dust. 

Hydrolysis of the Lactone.—2'5 grams of the lactone were heated 
in a reflux apparatus for an hour with 40 c.c. of aqueous barium 
hydroxide containing 3 grams of the crystallised hydrate. A current 
ot carbonic anhydride was passed through the filtered liquid, and, 
after being boiled for a few minutes, the solution was freed from 
barium carbonate by filtration, and evaporated on the water bath 
until crystals began to separate ; the substance thus obtained is the 
barium salt of the aeid CjoH,,.O,, which is more conveniently obtained 
in the manner about to be described. 

Action of Barium Hydroxide on Dibromocampholid.—The finely 
powdered substance is treated with successive quantities of a boil- 
ing, concentrated solution of barium hydroxide, in a flask provided 
with a reflux condenser; as long as any of the substance remains 
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undissolved, the alkalinity produced bya fresh portion of the hydrate 
is destroyed on boiling the liquid for a few minutes. When a clear 
solution is obtained, it is allowed to cool, filtered from a small quantity 
of unaltered dibromocampholid, reduced to a small bulk by evapo- 
ration in an open basin, cooled, and, after acidification with concen- 
trated hydrochloric acid, repeatedly extracted with ether. On evapo- 
rating the ether, after agitating the solution with fused calcium 
chloride, a pale yellow substance is obtained, which crystallises from 
a mixture of ether and petroleum in minute, transparent rhombo- 
hedra, and melts, evolving gas, at 203°. The following results were 
obtained on analysis. 


01716 gave 0°3742 CO., and 0°1312 H,O. C= 59°47; H = 849. 
C,o0H,.O, requires C = 60°00; H = 8:00 per cent. 


The acid is very readily soluble in cold water, forming a strongly 
acid solution, which dissolves potassium carbonate with evolution of 
carbon dioxide; the alkaline liquid immediately decolorises a cold 
solution of potassium permanganate. It is extremely soluble in 
alcohol, chloroform, ethylic acetate, and organic solvents generally, 
excepting petroleum, in which it is insoluble. A solution in chloro- 
form does not decolorise bromine, but on boiling the liquid a violent 
disengagement of hydrogen bromide occurs, and a colourless dibromo- 
derivative is formed, which crystallises from alcohol in feathery 
aggregates, and melts at 159—160°; this substance is insoluble in 
cold alkalis. 

The barium salt is obtained by dissolving barium carbonate in a 
hot, aqueous solution of the acid; it is also formed on hydrolysing 
the lactone, CieH,,0O3, with aqueous barium hydroxide. The solution 
is evaporated until the salt separates in white needles; the crystals 
are collected, washed with alcohol, and dried at 100°. 


01501 gave 0°0641 BaSO, Ba = 25:11. 
01512 ,, 0°0642 BaSOQ, Ba = 24°97. 
(CH s0,)2Ba requires Ba = 25°60 per cent. 


The barium salt is very soluble in cold water, but is insoluble in 
alcohol, acetone, and ethylic acetate; the aqueous solution has an 
intensely bitter taste. 

Action of Sodium Hydrowide on Dibromocampholid.—The substance 
dissolves slowly in a boiling aqueous solution of sodium hydroxide, 
and, on evaporating the filtered liquid, rendering acid with concen- 
trated hydrochloric acid, and extracting several times with ether, 
the foregoing acid, C,,H,O,, is obtained on evaporating the solvent. 
If, however, the action of sodium hydroxide be allowed to proceed 
for a few minutes only, and the filtered liquid be extracted with ether 


46 FORSTER: STUDIES OF THE TERPENES 


previous to acidification, the lactone, CjH,O; (m. p. 174°), is ob- 
tained. 

An attempt was made to hydrolyse dibromocampholid by means of 
dilute sulphuric acid. The powdered substance was treated with 
boiling sulphuric acid (2 parts of concentrated acid in 10 parts of 
water) for six hours in a flask provided with a reflux condenser, but 
the greater part of the substance remained undissolved, and when 
recrystallised from alcohol melted at 152°. 


Bromocamphorenic acid, CyoH,;BrQ,. 


Fifty grams of dibromocampholid are covered with about 100 c.c. 
of boiling alcohol iu a capacious flask, and to the liquid are added sne- 
cessively small quantities of zinc dust, and strong, aqueous ammonia, 
the temperature being maintained meanwhile on the water bath, 
until a portion of the clear, ammoniacal solution no longer becomes 
turbid when diluted with water. The liquid is then decanted from 
undissolved zine, largely diluted with water, and finally acidified with 
dilute sulphuric acid, when a white, flocculent precipitate immediately 
separates ; this is collected, washed several times with cold water, and 
dissolved in a small quantity of hot spirit, from which it crystallises 
in thin, lustrous plates. It frequently happens that on diluting the 
ammoniacal liquid, a yellowish-white, granular precipitate is thrown 
down; this consists of the zinc salt, which is invariably produced 
when the solution remains in contact with hot ammonia and zinc 
dust for a period longer than that necessary for reduction. In this 
case, the product is washed with cold water, and dissolved in dilute 
caustic soda, the solution being then precipitated with sulphuric 
acid. 

The bromocarboxylic acid is readily soluble in cold alcohol, from 
which it crystallises in transparent, six-sided plates, melting at 159°; 
it dissolves readily in organic solvents, separating in well-formed 
erystals from glacial acetic acid and petroleum. It is insoluble in 
cold water, but dissolves sparingly on boiling, forming an acid solu- 
tion ; it is volatile in an atmosphere of steam, and sublimes at a high 
temperature. Analysis gave the following results. 


0°1685 gave 0°3016 CO,, and 0:0922 H,O. C = 48°81; H = 6:08. 

01152 ,, 00877 AgBr. Br = 32:35. 

01175 ,, 00897 AgBr. Br = 32°44. 

C,,H,,BrO, requires C = 48°58; H = 6:07; Br = 32°38 per cent. 

A solution of 1:0060 gram in 25 c.c. of chloroform at 11° gave a 
rotation @ = +11° 36’, this being the average of seven concordant 
readings; the specific rotatory power is, therefore, [a¢]p = +144°1°. 
Dilution of the liquid appears to be without influence on the specific 
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rotatory power, a3 a solution containing 0°7247 gram in 25 c.c. of 
chloroform at 14° gave a rotation %» = +8° 22’; this corresponds 
with a specific rotatory power [%]p = +144°3°, a result sufficiently 
close to the one already given to show the constancy of this property 
between the limits indicated. The influence exerted by the nature of 
the medium is revealed when benzene is used as a solvent; a solution 
containing 0°7850 gram of bromocamphorenic acid in 25 c.e. of ben- 
zene at 15° gave a rotation a = +10° 8’, whence [a@]p = +161°3°. 

The acid dissolves readily in cold alkalis, and it is also soluble in 
a cold, aqueous solution of sodium carbonate, carbon dioxide being 
liberated. No coloration is developed when ferric chloride is added 
to the dilute alcoholic solution, and it is indifferent towards Fehling’s 
solution; the alkaline solution immediately decolorises potassium 
permanganate. The substance may be heated for an hour with boiling 
aniline without undergoing change, and a boiling alcoholic solution 
of sodium ethoxide has no action on it; when boiled during three 
hours with an aqueous solution of caustic soda, it is precipitated 
unchanged on adding acid, and silver nitrate produces no turbidity 
in the filtrate. A solution in chloroform immediately decolorises 
bromine in the same medium, and on evaporating the solvent dibromo- 
campholid is obtained; the Jatter is also formed when bromine is 
added to the dry solid, much heat being generated, and hydrogen 
bromide evolved. Bromocamphorenic acid undergoes no change when 
allowed to remain for many days in contact with glacial acetic acid 
saturated with hydrogen bromide. The acid is indifferent towards 
hydroxylamine, benzoic chloride, and acetic anhydride, and undergoes 
no change when heated in a sealed tube with ammonia (sp. gr. 0°880) 
for five hours at 170°. 

Monobromocamphorenic acid may be also prepared by reducing 
dibromocamphelid with zine dust and glacial acetic acid. The fol- 
lowing salts have been obtained. 

The barium salt is prepared by dissolving the acid in the minimum 
quantity of an aqueous solution of barium hydroxide, and evaporating 
the liquid till crystals form. It separates from the concentrated 
solution in lustrous plates, and in nodular aggregates wheu slowly 
deposited. From a specimen dried at 100°, the following analytical 
results were obtained. 


0'2535 gave 0°0890 BaSO,. Ba = 20°64. 
01963 ,, 00706 BaSO,. Ba = 20°64. 
(C,,H,BrO,),.Ba + 2H,0 requires Ba = 20°60 per cent. 
On analysing the same preparation dried at 130°, 
0'2003 gave 0°0733 BaSO,. Ba = 21°52. 
0'2148 


»  0°0796 BaSO, Ba = 21°79. 
(C,.H,,BrO,).Ba requires Ba = 21°78 per cent. 
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The silver salt is obtained by adding a slight excess of silver 


nitrate to an aqueous solution of the crystallised barium salt. The 
colourless precipitate is washed successively with water, alcohol, and 
ether, and dried at 50°. It is sparingly soluble in water, and dis- 
solves with difficulty in boiling alcohol, from which it crystallises in 
lustrous needles. The dry salt darkens very slowly on exposure to 
light, but quickly blackens when treated with boiling water ; it does 
not explode when heated suddenly. Analysis gave the following 
results. 

(2294 (precipitated) gave 0°1211 AgBr. Ag = 30°30. 

00652 (crystallised) ,, 0°0346 AgBr. Ag = 30°46. 

C,H,,BrO,Ag requires Ag = 30°50 per cent. 

The zinc salt is obtained as a yellowish, granular precipitate when 
an alcoholic solution of the acid is boiled for some time with ammonia 
‘and zinc dust; it is also produced on adding an aqueous solution of 
zinc chloride to a neutral solution of the ammonium salt. The zinc 
salt is scarcely soluble in water, and but sparingly soluble in cold 
alcohol; it is more readily soluble in hot alcohol, and crystallises 
from acetone in tufts of minute, transparent needles. On adding 
water to the hot, alcoholic solution, and allowing the liquid to cool, 
the salt is obtained in stumpy prisms. It dissolves in alkalis, the 
solutions yielding the acid when acidified. When heated at 130—140°, 
the salt yields a colourless, crystalline sublimate of the acid. This 
behaviour is explained by its composition, which analysis shows to be 
represented by the formula (CjoH,,BrO,).Zn + C,H,;BrO.. 

0°2626 gave 0°0274 ZnO. Zn = 8°35. 

(CH yBrO,).Zn + Cy H,;BrO, requires Zn = 8:08 per cent. 
(C,H;;BrO,).Zn requires Zn = 11°67 per cent. 

The ammonium salt exists only in dilute, aqueous solution ; if this 
is evaporated, or saturated with carbon dioxide, the salt is decomposed, 
and the acid separates. 

The copper salt is obtained by adding copper sulphate dissolved in 
water to the neutral, aqueous solution of the ammonium salt, a bluish- 
green, flocculent precipitate being formed; when this is boiled with 
alcohol, a green solution is produced, and on adding a small quantity 
of water to the hot liquid and allowing it to cool, minute green needles 
are deposited. 

The methylic salt is not formed when a solution of the acid in 
methylic alcohol is saturated at common temperatures with hydrogen 
chloride. It is prepared by dissolving 3 grams of the acid in a boil- 
ing solution of sodium methoxide in methylic alcohol containing 0:3 
gram of sodium, and adding small quantities of methylic iodide until 
a few drops of the liquid, when diluted with water, no longer yield a 
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solid precipitate on acidification. The excess of methylic iodide having 
been removed, the liquid is diluted with water, and the colourless 
oil which is thrown down is washed two or three times with cold 
water, and extracted with ether; after being dried with calcium chlo- 
ride, the solvent is evaporated, and the residual oil distilled. It boils 
at 255° under a pressure of 767°5 mm. The salt was analysed with 
the following result. 

0:1792 gave 0°3379 CO, and 01078 H.O. C = 514; H = 67. 

C,oH,,BrO.°CH; requires C = 50°5; H = 65 per cent. 

The methylic salt is a colourless, somewhat viscous oil, heavier 
than water, having a fragrant odour suggestive of camphor; it is 
volatile in an atmosphere of steam, the vapour being pungent and 
exhilarating. The salt is hydrolysed when heated with boiling alco- 
holic potash for six hours; it hurns on platinum foil with a 
luminous, smoky flame, leaving no residue. The solution ia chloro- 
form immediately decolorises bromine, and, on evaporating the liquid, 
dibromocampholid is left. 


Oxidation of Bromccamphorenic acid. 


It has been already stated that the acid dissolved in an aqueous 
solution of sodium carbonate immediately decolorises potassium p-r- 
manganate ; an attempt was therefore nade to obtain an oxidation 
product by means of this agent. 

Twenty grams of finely powdered bromocamphorenic acid was 
suspended in 200 c.c. of boiling water, sodium carbonate being added 
nutil a clear solution was obtained; the liquid was then cooled to 
about 0° and mixed with an ice-cold, 2 per cent. solution of potassium 
permanganate, which was added in portions of 100 ¢c.c. Crushed ice 
was also added to the liquid in order to maintain the temperature at 
0°, and when 1,500 c.c. of the permanganate solution (corresponding 
to more than twice the molecular proportion) had been added, the 
liquid was allowed to remain for an hour surrounded with melting ice. 
After the removal of manganese dioxide, the clear liquid was concen- 
trated to 200 c.c., acidified with concentrated hydrochloric acid, and 
the yellow solution extracted several times with ether. The pink 
syrup left on evaporating the united extracts rapidly solidified on 
being rubbed with a glass rod; the product was washed with hot 
ethylic acetate, and the colourless, insoluble portion dissolved in 
ether, which, when mixed with the same bulk of ethylic acetate, 
deposited the substance in groups of brilliant transparent prisms. 
The compound melts and evolves gas at 184°, and, after having 
been allowed to cool, melts at 84—85°; a specimen of the fused 
substance, however, after recrystallisation from dilute alcohol, melted 
at 184°, 
VOL. LXIX, 
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0°1594 gave 03018 CO, and 0:0988 H.0. C = 51:63; H = 6°85. 


01559 ., 02967 CO, and 0:0944 H,O. C =5191; H 
C,oH,,O, requires C = 51°72; H = 6:90 per cent. 


6:73. 


The oxidation product has the properties of a dibasic acid ; it is 
strongly acid towards litmus, dissolves readily in alkalis, and with 
effervescence in alkali carbonates, and the aqueous solution. It dis. 
solves readily in cold alcohol and ether, being but sparingly soluble 
in cold ethylic acetate; the solution in boiling water deposits rosettes 
of minute, transparent prisms as the liquid cools. 

The silver salt was obtained as a pale yellow precipitate on adding 
silver nitrate in slight excess to a neutral solution of the ammonium 
salt; after being collected and washed successively with water, 
alcohol, and ether, the salt was dried in the desiccator. It darkens 
when exposed to light, or when heated for a few minutes in the 
water oven; there is no explosion when the salt is suddenly heated. 
Probably owing to the unstable character of the salt, which gradually 
darkens even in a desiccator protected from light, analysis of the 
substance gave somewhat unsatisfactory results, which seem to 
indicate, however, that the acid contains two carboxylic groups. 


0°1402 gave 00726 Ag. Ag = 5178. 

0°1926 ,, 00998 Ag. Ag = 51°87. 
C\oH,,O,Ag, requires Ag = 48°65 per cent. 
CwHis0cAgs » Ag = 58°58 - 


a-Monobromocampholid, C,,H,;BrO;. 


In the introduction, it was mentioned that bromocamphorenic acid 
shows the behaviour which aliphatic Ay-unsaturated acids exhibit, 
when brought in contact with sulphuric acid, undergoing molecular 
rearrangement, and being converted into the isomeric lactone. 

Finely divided bromocamphorenic acid is added in small quantities 


Sera FN 


at a time to five times its weight of concentrated sulphuric acid, which 7 


is continuously stirred during the operation. Heat is developed, the 
substance gradually becoming dissolved, and when a clear solution is 
obtained, the pale brown liquid is poured into a large volume of cold 
water ; a white, crystalline precipitate at once separates, and this is 


collected, and washed several times with cold water. If the sub- © 
stance is added too quickly to the acid, liberation of a small quantity 7 
of hydrogen bromide is observed, but this may be avoided by pre- 7 
venting a sudden rise in the temperature of the liquid. The lactoue 7 


crystallises from hot alcohol in magnificent, lustrous plates, separat- & 


ing trom concentrated solutions in Jong, slender needles ; it melts at 


93—94°. 
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0°1575 gave 0°2805 CO, and 0:0878 H.O. C = 48°57; H = 619. 
01537 ,, 01183 AgBr. Br = 32°71. 

CH sBrO, requires C = 48°58; H = 6:07; Br = 32:38 per cent. 


8 The compound dissolves readily in organic solvents, and is soluble 
h § in boiling water, from which it separates as the liquid cools; it may 
| be conveniently crystallised from a mixture of petroleum and alcohol, 
le being obtained from this medium in thin, lustrous plates. It is 
eg volatile in an atmosphere of steam. 

Apart from its neutral character, the properties of a-monobromo- 
1g campholid differ very widely from those of bromocamphorenic acid. 
m The lactone is insoluble in cold alkalis, and dissclves in bromine 
r, & without undergoing change ; it is indifferent towards a boiling mix- 
ns ture of glacial acetic and fuming nitric acids, whilst this treatment 
he converts bromocamphorenic acid into a nitro-compound. Potassium 
d., bromide separates immediately when a concentrated, aqueous solution 
ly of caustic potash is added to the boiling solution in alcohol, the 
ne original acid, in boiling alcoholic solution, being indifferent towards 
to metallic sodium. So easily is bromine eliminated from the lactone 


that, on digesting it for a considerable period with boiling water, and 
filtering the cold liquid, a precipitate is at once formed on adding 
silver nitrate to the acidified solution. 

The conversion of bromocamphorenic acid into the isomeric lac- 
tone is attended with a remarkable alteration in the specific rotatory 
power. A solution of 0°9549 gram of a-bromocampholid in 25 c.c. of 
chloroform was examined in a 2-decimetre tube at 21°; a rotation 
Zp = +0° 50’ was observed as the mean of seven concordant read- 


cid a ings, whence [#]p = +10°9°. ; ; ; 

bit, a Hydrolysis of «-Monobromocampholid.—T he lactonic character of the 

ilar p. substance is revealed on treatment with an aqueous solution of 
: phe hydroxide. After remaining in contact with the boiling agent 

ties » ‘ mareflux apparatus for three hours, the lactone becomes dissolved, 

rich | and the alkalinity of the liquid is gradually destroyed; on evapo- 


rating the solution which has been cooled and filtered, a barium salt 


the 

ai crystallises in prismatic needles. It was dried at 130° for half an 
cold § hour, and analysed with the following result. 

is is 01320 gave 0:0611 BaSO,. Ba = 27:21. 

sub- i (C,.H,,0;)2Ba requires Ba = 27°23 per cent. 

tity On acidifying a sclation of the barium salt, the acid is obtained as 
pre: |} colourless, viscous oil, which rapidly becomes hard and crystalline. 
toue Py It Separates from a mixture of petroleum and ethylic acetate in 
arat- | transparent prisms, and melts at 195°; it is very readily soluble in 


ts at |) water, alcohol, ether, and acetic acid, but is insoluble in petroleum. 
: The aqueous solution dissolves sodium carbonate with effervescence 
E 2 
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the liquid having no reducing action on ice-cold potassium perman- 
ganate. 


Camphorenic acid, CiH,,0:. 


Bromocamphorenic acid is readily attacked by sodium amalgam, 
especially at slightly elevated temperatures. 

Fifty grams are suspended in 200 c.c. of boiling water and 
vigorously agitated during the addition of 4 per cent. sodium amal- 
gam in small quantities. It is necessary that the liquid should 
remain at the temperature of boiling water, otherwise the reduction 
is incomplete, and a mixture of the new compound with unaltered 
substance is obtained; as the separation of the latter is extremely 
tedious, the observance of this precaution is of some importance. 
For the quantity mentioned, about 500 grams of amalgam will be 
found sufficient, and when this amount has been added, if a drop of 
the liquid becomes solid when placed on a watch glass, it is decanted 
from the mercury and allowed to cool. The paste of fibrous needles 
thus obtained, consisting of the sodium salt of the reduction product, 


‘is collected, the alkaline liquid being removed by filtering through 
- asbestos. On dissolving the salt in water, and adding dilute sulph 


uric acid, a white, flocculent precipitate is formed, which is collected 


.and washed thoroughly with cold water. In order to completely 


remove the last traces of the original substance, the precipitated car- 


‘boxylic acid is again agitated with 50 grams of sodium amalgam, the 


separation and decomposition of the sodium salt being repeated ; as 


the latter only crystallises from strongly alkaline solutions, it is 


generally found necessary after this supplementary treatment with 
the amalgam to add sodium carbonate to the hot liquid until the 
sodium salt begins to separate. The acid, on being crystallised from 
hot alcohol, separates in long, slender needles; it melts at 161°. 


0:1500 gave 03925 CO, and 01314 H,O. C = 71:36; H = 973. 7 


C,oH,.O, requires C = 71°43; H = 9°52. 


The substance is very soluble in organic solvents, and dissolves to ~ 


some extent in boiling water, being insoluble in the cold; it crystallises 


from ether in transparent prisms which become opaque in the water ~ 


oven. It is volatile in an atmosphere of steam, and sublimes when 
heated, the vapour having a faint, camphor-lixe odour. 


A solution of 1:1840 gram in 25 ¢.c of chloroform was examined 
in a 2-decimeter tube at 18°; it exhibited a rotation of ap = +17°, © 
and the specific rotatory power is, therefore [2]p = +179°4°. The 7 
substance dissolves readily in cold, aqueous alkalis, and in a cold |~ 
solution of sodium carbonate, carbon dioxide being evolved; the 7 


so'ution in hot water is acid, and potassium permanganate is immedi- 


ac 


he 
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ately decolorised when added to the cold solution containing sodium 
carbonate. Boiling acetic anhydride has no action on the acid, which 
is also inditferent towards benzoic chloride. 

The sodium salt, which separates from a strongly alkaline solution 
in tough, fibrous masses, is extremely soluble in water, and may 
be recrystallised from ethylic acetate, separating from this solvent in 
lustrous, silky needles ; a specimen obtained in this way was analysed 
with the following result. 


0°2395 gave 00948 Na,SO, Na = 12°82. 
02940 ,, O-1161 Na,SO, Na = 12°79. 
C,H,;,0.Na requires Na = 12°10 per cent. 

The somewhat unsatisfactory character of these numbers is most 
probably due to slight decomposition taking place at the temperature of 
boiling ethylic acetate, as the crystallised salt does not redissolve 
completely in that solvent, and the solution in cold water is strongly 
alkaline. 

The zinc salt resembles that of bromocamphorenic acid; it is 
obtained on adding zinc chloride dissolved in water to a neutral 
solution of the ammonium salt. 

The methylic salt is not formed when a solution of the acid in 
methylic alcohol is saturated at common temperatures with hydro- 
gen chloride, but it can be prepared by dissolving the sodium 
salt in methylic alcohol and heating the solution with methylic 
iodide for several hours in a reflux apparatus; on diluting the liquid 
with water, and extracting with ether, a colourless oil is obtained 
which boils at 215° under a pressure of 767°5 mm. It is viscous, 
and heavier than water, and burns on platinum foil with a luminons, 
smoky flame, leaving no residue; it dissolves readily in alcohol, but 
is insoluble in water. The salt is volatile in an atmosphere of steam, 
and the vapour has a very sweet, camphor-like odour; it is bydro- 
lised when heated with alcoholic potash for several hours in a reflux 
apparatus. 

Its behaviour towards bromine is somewhat remarkable. Whilst 
by direct bromination of the original acid only one atom of bromine 
is introduced into the molecule, the methylic salt is violently acted on 
by the halogen, and is at once converted into dibromocampholid, a 
certain quantity of B-monobromocampholid (see below) being pro- 
duced at the same time. 


Anhydride of Camphorenic Acid, C2HQs3. 


Phosphorus pentachloride acts readily on camphorenic acid, but on 
pouring the liquid into cold water, or cold aqueous ammonia, and 
acidifying the solution, the unaltered substance is precipitated; if, 
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however, dry ammonium carbonate be substituted for the free alkali, 
only a portion of the camphorenic acid is recovered unchanged, the 
remainder being converted into a non-nitrogenous compound having 
the formula of camphorenic anhydride. 

Five grams of the acid was intimately mixed with 7°5 grams of 
phosphorus pentachloride, this quantity being in sligkt excess of the 
amount calculated for one molecular proportion. A violent action 
took place, and the mixture became liquid; in this condition it was 
poured on to finely powdered ammonium carbonate, and when the pasty 
mass at first obtained had become solid, the product was thrown into 
cold water, in which the greater part dissolved. The insoluble por- 
tion was then removed, washed sevezal times with cold water, and 
recrystallised from alcohol; it separates from concentrated solutions 
in snow-white plates, and melts at 84—85°. 


0°1334 gave 03692 CO, and 0°1148 H,O. C= 75-42; H= 9°55. 
CH 03 requires C = 75°47; H = 9°43 per cent. 

From the above quantity of camphorenic acid, two grams of the 
anhydride was obtained, rather more than this amount of the unaltered 
acid being recovered from the alkaline filtrate on acidification. 

The anhydride is indifferent towards boiling water, and may be 
mixed with alcoholic potash without undergoing hydrolysis. It is 


very readily soluble in organic solvents, and is volatile in an atmo- 
sphere of steam. 


B-Monobromocampholid, CoH isBrO.. 


Whilst bromination of bromocamphorenic acid gives rise to dibro- 
mocampholid, camphorenic acid is converted into a bromolactone iso- 
meric with the monobromocampholid already described as arising from 
the action of concentrated sulphuric acid on bromocamphorenic acid. 

Camphorenic acid is dissolved in cold chloroform, and bromine is 
added from a burette until the colour of the halogen is no longer 
destroyed. Before this stage is reached, heat is developed and 
hydrogen bromide evolved, and, on evaporating the solvent, a pale 
yellow oil is obtained, which rapidly solidifies to a crystalline cake; 
this is drained on porous earthenware, crystallised from chloroform, 
and finally froni ether. The substance melts at 62°. 

The following results were obtained on analysis. 


0°1453 gave 0°2591 CO, and 00800 H,O. C = 4863; H = 6:11. 

01620 ,, OT241 AgBr. Br = 32°55. 

C,,H,;BrO, requites C = 48°58; H = 607; Br = 32°38 per cent. 

B-Monobromocampholid is also formed when bromine is added to 
the dry sodium salt of camphorenic acid. The action is violent, 
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b-ing accompanied by a hissing noise, and the development of much 
heat; liberation of hydrogen bromide is, however, not observed. 
The new isomeride is extremely soluble in organic solveats, and 
crystallises from ether in hard, transparent prisms ; it separates from 
dilute acetic acid in thin, ]ustrous plates, and the concentrated solu- 
tion in alcohol deposits long, striated prisms. The substance is 
somewhat volatile at 100°, the vapour having a pleasant odour 
resembling that of a-dibromocamphor ; it is volatile in an atmosphere 
of steam. 

Attention has been already drawn to the fact that dibromocam- 
pholid is converted into bromocamphorenic acid under the influence 
of alcoholic ammonia and zinc dust. An analogous change takes 
place when f£-bromocamphbolid is reduced in this manner, campho- 
renic acid being formed. ‘T'he lactone is indifferent towards bromine, 
and is attacked very slowly by hydrolytic agents. 

The specific rotatory power of £-bromocampholid has been the 
subject of comment in the introductory portion of this paper, it 
having bcen observed that the concentration of the solution and the 
nature of the solvent exert a marked influence on this property. 
1:0179 gram dissolved in 25 c.c. of chloroform, at 15°, was found to 
be inactive, whilst a solution containing 0°7006 gram, in 25 c.c. at 
the same temperature, gave ~> = +0° 12’ as the mean of seven 
concordant readings, whence [a]p = +3°5°. <A very different result, 
however, was obtained on using benzene as a solvent, although in the 
case of this medium concentration has but slight influence on the 
rotatory power. Thus, a solution containing 0°8810 gram, in 25 c.c. 
of benzene at 16°, gave ~» = — 1° 30' as the mean of six concordant 
readings, corresponding to a specific rotatory power [a]p = —21°2°, 
whilst 13711 gram, dissolved in 25 c.c. at the same temperature, 
gave a = — 2° 18’, whence |a|p = —21°0°. 


Campholid, CoH 02. 


The transformation of bromocamphorenic acid into the isomeric 
a-bromocampholid finds a parallel in the conversion of camphorenic 
acid into campholid under the influence of concentrated sulphuric 
acid. In describing the preparation of camphorenic acid, attention 
was drawn to the importance of effecting complete reduction of the 
bromocamphorenic acid, and as an instance of the tenacity with 
which bromine remains in the product, it may be mentioned that a 
specimen of campholid, obtained from camphorenic acid containing a 
small quantity of the halogen, was found to retain an appreciable 
amount of the impurity after passing successively through the opera- 
tions entailed in its preparation for analysis, namely, dissolution in 
sulphuric acid, crystallisation, and sublimation. It is possible, how- 
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ever, to obtain a pure specimen of camphoiid by boiling the crude 
product during several minutes with alcoholic potash, and precipita- 
ting the lactone by water. 

Camphorenic acid, which has been reduced to powder, is added in 
small quantities to about five times its bulk of concentrated sulphuric 
acid; as the substance dissolves, the temperature rises slightly. 
When clear, the pale yellow solution is poured into a large volume of 
cold water, and the white, flocculent precipitate is collected, washed 
several times with cold water, and boiled during a few minutes with 
alcoholic potash, to which a considerable quantity of cold water is 
then added. After being washed carefully with cold water, the 
product is dried on porous earthenware, and crystallised from hot 
petrolenm, separating as the solvent cools in minute, colourless 
crystals ; it melts at 176—177°. The following results were obtained 
on analysis. 

0:1020 gave 0°2660 CO, and 0°9907 H,O. C = 71:12; H= 9&8. 

CyoH,,O, requires C = 71°43; H = 9°52 per cent. 

Campholid has the odour of camphor, and closely resembles that 
substance in appearance, moderate pressure converting it into a 
translucent mass, which, however, does not exhibit on the surface of 
water, the gyratory motion peculiar to camphor. It is an extremely 
volatile substance, and sublimes slowly below 100°; when heated at 
the melting point, however, sublimation is extremely rapid, and if 
the vapour is allowed to cool very slowly, campholid is deposited in 
beautiful, fern-like aggregates, composed of elongated octohedra. 
The substance is very volatile in an atmosphere of steam, and the 
camphor-like odour of the hot vapour is extremely powerful. 

Campholid dissolves in most organic solvents with great readi- 
ness, and has not as yet been obtained in crystals having well defined 
geometrical structure; it is less readily soluble in cold petroleum, 
from which it separates in feathery aggregates when evaporation of 
the solvent is slow. The lactone is indifferent towards bromine, and 
is very slowly attacked by hydrolytic agents. 

A solution containing 1:0011 gram of campholid in 25 c.c. of 
chloroform was examined in a 2-decimeter tube at 17°; the mean of 
seven concordant observations gave @ = +2° 12’, which corre- 
sponds to the specific rotatory power [#]p = +27°4°. 


Hydrolysis of Campholid. 


At one stage of the investigation, before the lactonic character of 
campholid was recognised, it was anticipated that the carbonyl group 
would possess ketonic properties, and an attempt was accordingiy 
made to prepare an oxime; the product, however, consisted of a non- 
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nitrogenous substance, which evidently arises from addition of the 
elements of water to the campholid molecule, the action being most 
likely due to the influence of alcoholic potash. 

1:7 gram of the lactone was dissolved in alcohol containing 
2 crams of potassium hydroxide; 1 gram of hydroxylamine hydro- 
chloride was then added, and the liquid heated for 1} hour on the 
water bath, alcohol being added from time to time. It was then 
evaporated, the residue being treated with water in order to sepa- 
rate the product from insoluble matter consisting of the unaltered 
lactone. On reducing the filtered liquid to small bulk, and ren- 
dering it acid with concentrated hydrochloric acid, a pale, yellow oil 
separated, which rapidly became crystalline and hard when rubbed 
with a glass rod; after being washed and dried, the product was 
crystallised from hot ethylic acetate, which dissolves it readily, allow- 
ing it to separate in magnificent, lustrous needles as the liquid cools. 
The substance melts to a clear liquid at 179°, and evolves gas at this 
temperature. 

01612 gave 0°3798 CO, and 0:1376 H,O. C = 6425; H = 9-48. 
01743 ,, 04090 , , 01577 ,, C= 6400; H = 10°05. 
C,oHis03 requires C = 6451; H = 9°67 per cent. 


The acid dissolves readily in organic solvents, but is only sparingly 
soluble in water; it dissolves in an aqueous solution of sodium car- 
bonate, and the liquid thus obtained does not decolorise potassium 
permanganate immediately in the cold. 

The barium salt was prepared by the protracted action of a hot 
aqueous solution of barium hydroxide on campholid; it separated in 
white scales on evaporating the solution, and was found on analysis 
to contain 26°47 per cent. of barnin, the percentage required by the 


formula (CoH ;;03)2Ba being 26°00. 


Theoretical. 


Although our knowledge of the structure of camphor in not sufii- 
ciently accurate to render the constitutional expression of the new 
derivatives a simple exercise, it may not be altogether unprofitable 
to discuss the relationship which they exhibit among themselves. 

It may be safely assumed that the complex *CHBr'CO° occurs in 
bromocamphor, and there appears to be no evidence opposed to the 
view that the group ‘CBr-CHBr‘CO- is present in «-dibromocamphor ; 
with this provision, the development of a scheme illustrating the 
mutual connection between these new compounds would present no 
great difficulty, were it not for the fact that the tendency of recent 
investigation is to show that the carbonyl group occurs in camphor 
as the member of a ring containing five carbon atoms. Thus 
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F. Tiemann (Ber., 1895, 28, 2182) has advanced the conclusion that 
camphor must be represented constitutionally by the formula 
(CH;).C—CH—CH, 
i 
CH;CH-CH—CO 
Assuming that a-dibromocamphor contains the group already indi- 


cated, this conception demands the representation of dibromocam- 
pholid by one of the formule 


(CH,),C—CBr—CHBe (CH,).C—OBr—CHBr 
CH, 0 we | CH, 
CH,CH-CH—CO CH;-CH-CH:0-CO 


Neither of these expressions, however, is in accordance with the 
properties of the substance. The bromocarboxylic acids derived from 
them would be é-acids, having the constitution expressed by the 
formule 


(CH,),C—C:CH Br (CH,).C—CH—CHBr 
CH, wind | CH 
CH,-CH-CH-COOH CH,CH-CH COOH 


respectively. A systematic study of the properties of yé-unsaturated 
acids as a class has been hitherto impossible, owing to the lack of 
general methods of preparation. In the aliphatic series, however, 
allylacetic acid has been obtained, and is found to yield yé-dibromo- 
valeric acid on bromination (Annalen, 1881, 208, 100), and y-bromo- 
valeric acid when combined with hydrogen bromide. The former 
substance has no tendency to pass spontaneously into a 6é-lactone, 
whilst boiling water converts y-bromovaleric acid into the lactone of 
y-hydroxyvaleric acid. The slight evidence available, therefore, 
seems opposed to the view that é-unsaturated acids behave in the 
same way as those containing the ethylenic linking in the Py-position, 
and it is probable that if elimination of hydrogen bromide did follow 
immediately on the addition of bromine, as is the case with the latter 
class, the result would be the same as among these acids, so far as 
the structure of the lactone-ring is concerned, that is to say, y-lactones 
would be formed. Assuming this to be the case, bromocamphorenic 
acid should yield a dibromolactone, having the constitution expressed 
by one of the following formule. 


(CH,).C—C __ CHBr, (CH,),C—CH—CHBr 
CH. ‘io and | CH CO 
CHyCH-CH CO | | bd 
CH,-CH-CHBr 
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But it has been already stated that dibromocampholid is the pro- 
duct of this change, and if the constitution of that substance is to be 
represented by the latter scheme, the former being obviously inappro- 
priate, it must be assumed that under the influence of nitric acid, the 
‘CH-CHBr-CO 
CH, — CBr: 

‘CH-CHBr-CO 
‘CHBr-CH O 

There is, moreover, another obstacle regarding the constitution 
of dibromocampholid as represented by the second of the above 
expressions. Camphorenic acid would have the constitution 
(CH;),C—QH—CH, 

i 
CH;CH'CH COOH 


ring opens, and then re-closes, forming the complex 


, an assumption which seems scarce'y tenable. 


whilst the formula 
(CH;),C—OH—CH, 
Ht 
CH;CH:CH CO 
‘yr 
O 
would represent the structure of campholid, and it will be at once 
noticed that these expressions have been already adopted by Tiemann 
(loc. cit.) in explaining the behaviour of f-campholenic acid and di- 
hydrocampholenolactone, to which camphorenic acid and campholid 
bear no resemblance, although they are respectively isomeric with 
these substances. 

Whatever conclusion is arrived at regarding the constitution of 
camphor itself, the relationship between the new derivatives will meet 
with explanation if the view be taken that dibromocampholid contains 

‘CBrCHBr-GO 


the group The changes which result in the produc- 


tion of bromocamphorenic acid from dibromocampholid most pro- 
bably involve hydrolysis of the lactone ring, substitution of hydrogen 
for bromine, and elimination of the elements of water, as indicated in 
the following manner. 


CBrCHBrCO  -Cli——CHBrCOOH -¢-CHBr-COOH. 
C———0 ~ -C.0H | «i 
OH ais 


The last of these expressions represents the complex occurring in 
bromocamphorenic acid, and assuming that an acid of this nature 
would exhibit the behaviour of aliphatic Ay-unsaturated acids, the 
action of bromine and sulphuric acid would give rise to compounds 
containing the groups 
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‘CBr: CHBrCO ne ‘CH-CHBr-CO 
-C-—_—_—_—-O -C———-O 

peculiar to dibromocampholid and a-monobromocampholid respcc- 
tively. Under the influence of the same agents, camphorenic acid 
would yield compounds in which occur the groups 

*CBr-CH.CO _ ‘CH-CH,CO ' 

:C- O C O 
which are most likely present in B-bromocampholid and campholid 
respectively. The steps by which redaction of the former gives rise 
to camphorenic acid, would then be parallel with those changes which 
result in the production of bromocamphorenic acid from dibromocam- 
pholid. 

It is anticipated that oxidation of the new derivatives will throw 
light on their constitution, and experiments are being now carried on 
in this direction. 

I cannot conclude this paper without expressing my indebtedness 
to Professor Armstrong and Dr. Kipping, not only for the interest 
they have exhibited in the progress of the work, but also for the 
valuable advice of which I have frequently had the benefit. 


Note by Dr. Armstrong.—I desire to take this opportunity of point- 
ing out that the investigation of the derivatives of camphor con- 
taining halogens, is at present being pursued in a variety of 
directions in my laboratory. Although, as Dr. Forster says, there is 
no evidence opposed to the view that the bromine atoms in ¢-dibro- 
mocamphor are attached to different carbon atoms, and the peculiar 
readiness with which one is eliminated, lends much support to this 
view, there are not a few facts which are difficult to reconcile with 
such a conclusion. Dr. Forster’s work—interesting as are the 
results—has not thrown the light on this question I had anticipa‘ed. 
It is to be expected that the investigation of the nitrocamphor 
derivatives, and of the derivatives containing two different halogens, 
as well as the comparison of @- with 8-dibromocamphor, will afford 
evidence of the desired character. The important discovery of 1 
cis- and trans-nitrobromocamphor made by Drs. Kipping and 
Lapworth (Proc., No. 157, 209), is of special interest in this con- 
nection. I may mention that Dr. Lapworth has proved that when 
a-dibromocamphor and bromochlorocamphor are sulphonated, the 
halogen is partially displaced, products different from those investi- 
gated by Kipping and Pope being formed. £-Dibromocamphor has 


also given interesting results. 


Chemical Department, 
City and Guilds of London Central Technical College. 
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V.—w-Bromocamphoric Acid. 
By F. Stantey Kippine, Ph.D., D.Sc. 


A.rnoucn the bromocamphoric anhydride, which was first prepared 
by Wreden a long time ago (Annalen, 1872, 163, 330), has been in- 
vestigated by several chemists during recent years, the corresponding 
bromocamphoric acid has not hitherto been isolated. As is well 
known, the anhydride is slowly decomposed by boiling water, yielding, 
as principal product, camphanice acid, 


C,H,:BrO,; + H,O = CyH,O, + HBr, 


the lactone of a hydroxycamphoric acid which, apparently, does not 
exist, except in the form of a salt. A similar change occurs when 
bromocamphoric anhydride is boiled with sodium carbonate solution, 
but, under these conditions, as Aschan has recently pointed out (Ber., 
1894, 2'7, 2112), a much larger quantity of lauronolic acid is formed 
than is the case when water alone is employed. 

The fact that bromocamphoric acid has never been found amongst 
the various products obtained from the anhydride on treatment with 
water or alkalis, might be accounted for in one of two ways; it 
might be, as Aschan assumes (Joc. cit.), because bromocamphoric acid, 
like dimethylfumaric acid (pyrocinchonic acid), and diethylfumaric 
acid (xeronic acid), for example, is actually incapable of existing 
under ordinary conditions, owing to the readiness with which anhy- 
<lride formation takes place; or else because the acid loses hydrogen 
bromide and passes into camphanic acid with extreme facility. 

In the course of an investigation of 7-bromocamphoric acid (Proc., 
1895, 33, 88, and 210), the results of which will form the subject of a 
future paper, this question of the possible existence of a bromocam- 
phoric acid, corresponding with Wreden’s anhydride, came into pro- 
minence. z-Bromocamphoric acid, CjH,s;BrO,, a structural isomeride 
of the unknown bromo.acid, was found to be stable under ordinary 
conditions, as was also z-dibromocamphoric acid, C,H,Br,0,, a com- 
pound in which one of the bromine atoms doubtless occupies the same 
relative position in the molecule as the halogen atom in Wreden’s 
bromocamphoric anhydride. 

These observations seemed to indicate that suitable conditions 
alone were required for the successful preparation of the bromocam- 
phoric acid in question; this conclusion was ultimately verified by 
experiment. 

On treating Wreden’s bromocamphoric anhydride with concen- 
trated nitric acid in the manner described below, it is partially trans- 
formed into the corresponding acid of the composition CjH,sBrQ, ; 
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this acid is a well-defined, crystalline, moderately stable compound, 
which closely resembles the z-bromo- and z-dibromocamphoric acids 
in ordinary properties. 

As it is convenient to have some means of distinguishing by name 
the two structurally isomeric monobromocamphoric acids now 
known, the compound derived from Wreden’s anhydride will subse- 
quently be referred to as w-bromocamphoric acid; a purely arbitrary 
designation of this kind (the initial letter of Wreden’s name), has, 
no donbt, its disadvantages, but is probably less misleading than any 
other. 

In a recent paper (Ber., 1894, 2'7, 2112), Aschan describes the 
results of some experiments on w-bromocamphorie anhydride; on 
treating l-isocamphoric chloride with bromine, he obtained as prin- 
cipal product w-bromocamphoric anhydride, and in one experiment 
he also succeeded in isolatiug a very small quantity of a brominated 
acid, which separated from water in long needles, melting at 196°. 
Although unable to obtain sufficient for an analysis, he studied the 
action of sodium carbonate on this brominated acid, and, from its 
behaviour, concluded that it was probably a bromisocamphoric acid, 


C,H,;BrO,. In the last number of the Berichte (Ber., 1895, 28, Ref., é 


922), there is an abstract of another paper by the same author, 
and it is there stated that /.bromisocamphoric acid has been isolated 
from the products obtained on brominating d-camphoric acid and 
l-isocamphoric acid ; this compound is described as separating from 
benzene in crystals of the composition CyH,,BrO, + 4C,H., and 
melting at 196°. Unfortunately, the original publication (Acta. soc. 
scient. jenn., 21, No. 5, 1) is not yet accessible, so that it is impos- 


sible, from the data at hand, to say with certainty whether Aschan’s s 


acid, which appears to be the same as that mentioned by him in the 
earlier paper (loc. cit.), is identical with, or different from, the 
w-bromocamphoric acid described below. In his interesting paper 
(Ber., 2'7, 2001) on the relation between the various camphoric acids, 
Aschan himself has shown that the levorotatory w-bromocamphoric 
anhydride is partially converted into l-isocamphoric acid on reduction 
with zine dust and acetic acid, from which it would be concluded that 
simple hydrolysis of the levorotatory w-bromo-anhydride should also 
afford l-bromisocamphoric acid. The properties of Aschan’s /-bromiso- 
camphoric acid, however, are certainly different from those of the 
compound obtained by the author; although, apparently, the two 
substances have practically the same melting point, w-bromocam 
phoric acid is insoluble, or nearly so, in benzene, and cannot be 
recrystallised from water; at ordinary temperatures it is practically 
insoluble in this liquid, and, even on boiling, it passes into solution 
only very slowly, being at the same time decomposed. 
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Preparation of w-Bromocamphoric Anhydride.—The preparation of 
the material required for this investigation was very kindly under- 
taken by Mr. Panisset, a student of the Chemical Department of the 
Central Technical College, the method adopted having been that 
described by Keyher (Inaug. Diss., Leipzig, 1891), which seemed 
more convenient than Aschan’s process when small quantities only 
are required. 

The bromine having been added gradually to the mixture of pure 
d-camphoric acid and amorphous phosphorus, until the evolution of 
hydrogen bromide suddenly slackened, the heating on a water bath 
was continued for a short time, in order to voelatilise the excess of 
halogen ; water was then added, in small quantities at a time, cooling 
well, and later on a little alcohol, in order to dissolve the oil with 
which the crystals were mixed. The product was then separated by 
filtration, washed with a little alcohol, dried on porous earthenware. 
and purified by recrystallisation from chloroform; 85 grams of 
camphoric acid gave 7 grams of crude crystalline product, from 
which 5°4 grams of pure w-bromocamphoric anhydride were obtained : 
the yield was therefore about 50 per cent. of the theoretical, or much 
the same result as that obtained by Reyher and Aschan. 


w-Bromocamphoric acid. 


The pure w-bromocamphorie anhydride (m. p. 214°), in quantities 
of 2—5 grams, was placed in a small, glass, evaporating basin, and 
rather more than covered with concentrated nitric acid (sp. gr. 1°42) ; 
the basin was then covered with a clock-glass and heated on the 
water bath. The anhydride quickly passed into solution, especially 
on stirring, and a slight evolution of ruddy fumes was observed, but 
there was no odour of bromine. As soon as all had dissolved, the 
clock-glass was removed and the heating continued during two or 
three minutes longer; the solution was then allowed to cool, diluted 
with water, and the colourless, crystalline product separated by 
filtration, washed with water, and placed on porous earthenware. 
As soon as it appeared to be dry, it was treated with a relatively 
large quantity of cold chloroform; the greater part, consisting of 
large crystals of w-bromocamphoric anhydride, soon passed into solu- 
tion, but a small portion of a crystalline powder did not dissolve ; 
this was separated by filtration and washed repeatedly with chloro- 
form, first on the filter and finally on unglazed earthenware. 

This product was found to be an acid, and at first it seemed possible 
that it might be the isocamphanic acid, CioH,,0,, described by Reyher 
(loc. cit.), this substance being also practically insoluble in chloro- 
form; as, however, the two compounds differed considerably in 
melting point, this possibility was excluded. 
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Camphanic acid, the formation of which under the above conditions 
was not improbable, is so readily soluble in chloroform that its 
presence was impossible; the compound obtained in the manner just 
described was therefore some new derivative of w-bromocamphoric 
anhydride. 

As 5 grams of the anhydride had only afforded 0°2 to 0°3 gram of 
the new acid, a few attempts were now made to improve the method 
of preparation, but not with any success. On heating the bromo- 
anhydride with concentrated nitrie acid during a longer time than 
3—4 minutes, it undergoes oxidation to a greater extent, the yield of 
the desired product is no larger, and a greater proportion of the 
anhydride is wasted. The use of a larger quantity of nitric acid, with 
the object of preventing crystallisation until the solution had cooled 
to a temperature considerably below 100°, appeared also to give no 
better results. 

The original method was, therefore, again adopted, the anhydride, 
which was recovered in a practically pure condition on evaporating 
the chloroform extract of the crude product, being continually used 
for a following experiment; working in this way, 4:7 grams of the 
anhydride, after three operations, gave rather more than 0°7 gram of 
the pure acid, and 3°8 grams of the anhydride were recovered; it is 
consequently an easy matter to prepare the acid in moderately large § 
quantities. 


The crude crystalline acid, freed from anhydride by repeatedly ss 


washing with chloroform, was dissolved in dry ether, the filtered 
solution evaporated to a small bulk, and mixed with a large quantity j 
of chloroform ; the crystals which were at once deposited from the — 
hot solution were then separated by filtration, washed with chloro- 
form, and heated for a short time in a water oven. ; 

An analysis of this preparation gave results agreeing well with | 
those required for a bromocamphoric acid. 

0°1527 gave 0'2104 CO, and 0:0745 H,O. C = 42°93; H = 5°43. 

C,H, Br, requires C = 43:01; H = 5:37 per cent. 

That the substance is a bromocamphoric acid corresponding with |7 
Wreden’s anbydride is amply proved by the experiments described |7 
below. ; 

w-Bromocamphoric acid crystallises from a hot mixture of ether 


and chloroform in small, transparent prisms or plates, but, when te 


crystallisation takes place slowly at ordinary temperatures, the acid |~ 
is deposited in large, orthorhombic pyramids ; it melts at 195—196°, 7 
at the same time effervescing violently and charring slightly. It is oe 
practically insoluble in chloroform and in benzene, but it dissolves 


freely in cold ether, acetone, and alcohol; in these respects, it re- i 


sembles the z-bromo- and z-dibromo-camphoric acids (Proc., loc. cit.). | 


KIPPING : w-BROMOCAMPHORIC ACID. 65 


When a concentrated solution of the acid in sodium carbonate is 
warmed for a few minutes and then acidified, an oily or crystalline 
precipitate is produced; this product is formed with elimination of 
hydrogen bromide, and should, therefore, be ordinary camphanic acid. 
In order to prove this, some pure w-bromocamphoric anhydride was 
boiled for a short time with sodium carbonate and dilute alcohol, 
and the camphanic acid thus prepared was compared directly with 
the compound obtuined in a similar way from the w-bromocamphoric 
acid. Both preparations crystallised from dilute alcohol in fern-like 
prisms, and in long needles, identical in appearance; these crystals 
in both cases melted in their water of crystallisation when suddenly 
heated at about 140°; but after recrystallisation from chloroform, in 
which they were readily soluble, both specimens melted, although not 
very sharply, at 198—200° (pure camphanic acid melts at 201°). 

When finely divided w-bromocamphoric acid is shaken with a 
fairly large relative quantity of cold water, it does not dissolve to any 
appreciable extent, but on boiling it slowly passes into solution; this 
solution gives a precipitate immediately on the addition of a solution 
of silver nitrate, but it does not give a crystulline deposit on simply 
cooling, unless it has been previously concentrated to a very small 
bulk; the needles which then separate are readily soluble in cold 
chloroform, and melt at about 198—200° after recrystallisation. 

w-Bromocamphoric acid is, therefore, decoinposed by boiling water, 
giving camphanic acid and hydrogen bromide, 


CoH, ;BrO, = CHO. + HBr; 


from cold alcohol and acetone, however, it is, apparently, deposited 
unchanged, as the crystals are insoluble in chloroform; it may also 
be inferred that the dry acid is stable at temperatures below about 
180°, since melting point determinations, under different conditions 
as to the rate of heating, give concordant results. 

A final proof that the compound here described is a bromocamph- 
oric acid, corresponding with Wreden’s anhydride, is afforded by its 
behaviour with acetyl chloride; it dissolves slowly in this liquid in 
the cold, and seems to be deposited unchanged on evaporating the 
solution at ordinary temperatures ; when, however, the solution is 
warmed for a short time, the acid is converted into its anhydride. 
This anhydride is readily soluble in hot chloroform, but only spar- 
ingly in ether, and separates from a mixture of these solvents in 
colourless prisms melting at 214°, and identical in other respects with 
the crystals of w-bromocamphoric anhydride; a mixture of this pre- 
paration with some pure w-bromo-anhydride melted sharply at 214°. 

The above account of the properties of w-bromocamphoric acid 
explains the difficulty met with in its preparation ; on the one hand, 
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the anhydride is not very easily hydrolysed ; on the other, the bromo- 
acid is readily converted into camphanic acid. 

During this investigation it has often happened that solutions of 
w-bromocampboric anhydride in chloroform have been rapidly eva- 
porated on a water bath in order to recover the anhydride; in some 
cases, but by no means frequently, the solvent may be removed almost 
entirely before crystallisation commences, and a highly supersaturated 
solution results; when, finally, crystallisation occurs it is attended 
with a fairly loud report, and the liquid contents of the vessel are 
almost instantaneously transformed into a dry, rather bulky, mass 
of small crystals, free from any visible quantity of liquid chloroform, 
although still smellirg slightly of the solvent. 


Chemical Research Laboratory, 
City and Guilds of London Central Technicai College. 


VI.—Efflorescence of Double Ferrous Aluminium 
Sulphate on Bricks exposed to Sulphur Dioxide. 


By Davip Paterson. 


Tr is well known that in certain volcanic districts, such as in Sicily, 
the neighbourhood of Naples, Iceland, Auvergne, and elsewhere, 
natural alums are found in the shape of white effloresced salts pro- 
duced by the action of sulphurous vapours on aluminous minerals 
such as lava or trachyte. An interesting example of the formation 
of a similar aluminous salt has been found on the bricks which form 
the inner wail of wool-bleaching chambers, and which are thus ex- 
posed to the sulphur dioxide fumes émployed in the bleaching pro- 
cess. After the bleaching chambers have been in use for a year or 
so, there appears on various parts of the bricks, wherever there are 
most bases present, a white flocculent covering composed of clusters 
of glistening crystals, often beautifully and regularly crystallised. 
When such a cluster is broken up, it exhibits a silken or fibrous mass 
of white crystals resembling 
asbestos in texture. This 
silken appearance of these 
natural efflorescences has 
suggested the popular names 
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more perfect of these crystals measured from 9 to 10 mm. in 
length. 

In course of time, the bricks exfoliate and become completely dis- 
integrated from the formation of crystals within them. When a 
brick is thus broken down it is found to be permeated with sulphur- 
ous and sulphuric acids, while little tufts of crystals are formed 
throughout its whole mass. Along with these white crystals, but in 
very small quantity, is sometimes found a dull, yellowish substance 
which, on subsequent analysis, was found to contain ferric sulphate. 
Various specimens of these salts were collected for analysis, and from 
the results obtained it was found that their composition closely agreed 
with some of the natural iron alums found in various parts of the 
world. The following, for instance, is an analysis given many years 
ago, by Forchhammer, of a natural iron alumiuium sulphate in Iceland, 
and, when compared with the analyses of these salts formed on bricks 
exposed to sulphur dioxide, it will be seen they are very similarly 
constituted. 


Iceland “ Iron Alum” (Forchhammer). 
FeO. Fe,03;. Al,03. MgO. H,S0,. H,0. Total. 
4°57 1:23 11°22 2°19 35°16 45°63 100:00 


Samples 1, 2, and 3 were quite white, but 4 was of a dull, yellowish 
colour owing to the presence of a larger percentage of ferric salt. 
The results of analysis were as follows :— 


Sample. i. 2. 3. 4. 

MOUNONS ORIG 46:0560. 55650008 eanvke 5°53 5°38 5 65 6°20 
OUNNT BENG 50 65 604644560500000084 0°40 0°98 0°86 2°05 
Alumina...... (jie ieseeeaeaeen 11°33 9°20 11°45 7°96 
EEN 010 4.46:006b0siess0 cceeeees 1-06 0°65 | 0°82 1 24 
Sulphuric acid .....ccececceseseees 42°13 40°14 41°09 39 -50 
Sulphurous acid .....eceeeseeeeess| trace trace trace trace 
ME dans cn shen sede send es. 0s 0050 39 °46 43 °65 40°13 38°49 
gr eae insoluble matter. . — -- “= 4°56 

100:00 | 100-:00 | 100-00 | 100-00 


The above results show that these salts, from their varying com- 
position, cannot be regarded as definite chemical compounds, as no 
two analyses agree. If, however, their impurities be not taken into 
consideratiun, it will be found they closely resemble, on an average, 
the formula of a double ferrous aluminium sulphate, Al,(SQ,)3 + 
FeSO, + 24Aq, as may be seen thus. 
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Fe. Al. SO,. H,O. Impurities. Total. 
Found.... 561 576 43°57 4631 1-02 100 07 
Theoretical 6:04 583 41:46 46°67 — 100°0 


The chemical composition of the clay from which these bricks are 
made is as follows. 


SiO.  Al,O; FeO; CaO. MgO. Alkali, HO. Total. 
6350 1480 205 540 610 5°50 2°65 100°0 


VII.—Some Derivatives of Anthraquinone. 
By Evwarp Scuunck, Ph.D., F.R.S., and Leon Marcatewskt, Ph.D. 


In our previous communications, we gave a description of three differ- 
ent artificial methylpurpuroxanthins ; one of these was obtained by the 
condensation of piratoluic acid with metadihydroxybenzoic acid and 
was found by Hummel and Perkin (Trans., 1894, 65, 854) to be iden- 
tical with a substance obtained by them from the Mung-koudu root. 
Another one was prepared by the action of benzoic acid on meta- 
dihydroxy paratoluic acid; a comparison of this substance with 
rubiadin enabled us to point out the constitution of the latter. 
Finally we prepared a fourth methylpurpuroxanthin by the action of 
orthotoluic acid on metadihydroxybenzoic acid. The constitution of 
these four substances is represented in the fullowing graphic formule 


CO OH 
/\/\/~\oH, obtained by the action of benzoic acid on 
I. * »  metadihydroxyparatoluic acid (Trans., 
ee 1894, 65, p. 184). 
co OH 
I (YY) rubiadin from madder (Trans., 1893, 63, 
. => OH 973, and 1894, 65, 183). 
CO CH; 
CO OH | 
I <ae from paratoluic acid and metadihydroxy- 
; CH A A On > benzvic acid (Trans., 1893, 63, 1137). 
co 
CH, vO OH 
\ 
IV ‘te ty from orthotoluic acid and metadihydroxy- 


> benzoic acid. 


LAA 
co 
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This substance has been prepared by us already a year ago. 
Up to the present the following two methylpurpuroxanthins were 
unknown. 


CO OH CO OH 
cH,” \/ \ \ Sf °F % 
OTL oe mt B® OTL) 
Pel \Wanett 
CO CH, CO 


It was to be expected that both these substances would be obtain- 
able by the action of metatoluic acid on metadihydroxybenzoic acid, 
since the former possessing an asymmetrical structure should be able 
to react with the latter in two different ways, as shown by the follow- 
ing equations. 


OH CO OH 
cH,” \cooH “» on,“ 
“3 L coon, Jon * | | | R , 
/ V Vee 
Metatoluic acid. Metadihydroxy- co 


benzoic acid. 


OH CO OH 
/ \cooH AN a a 
O OH 
\Z saat. AAsl 
CH; CH; CO 
Metatoluic Metadihydroxy- 
acid. benzoic acid. 


The process of condensation was brought about in the following 
way: metadihydroxybenzoic acid (1 part), and metatoluic acid 
(4 parts), were heated with sulphuric acid (25 parts) for 10 hours 
at 110°. The dark brown solution containing the above mentioned 
methylpurpuroxanthins, together with unaltered metadihydroxybenzoic 
and metatoluic acids as well as anthrachrysone, the latter formed by 
the condensation of two molecules of the dihydroxy-acid, was poured 
into water and the whole extracted with ether; the ethereal extract 
was then evaporated and the residue treated with steam in order 
to expel unaltered metatoluic acid. 

The remaining liquid was again evaporated, and by extracting 
with boiling benzene, the methylpurpuroxanthins were dissolved ; 
the separation of the substances contained in this benzene solution 
is very difficult since the two methy] purpuroxanthins which are formed, 
like the methylpurpuroxanthins in general, have very similar pro- 
perties. Two substances differing from one another in their melting 
points may however be obtained in the following manner. 

The benzene is evaporated and the residue, which melts at about 
225—235°, is dissolved in boiling alcohol; to this solution, an equal 
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volume of benzene is added, and tae mixture, if left for some time, 
deposits orange coloured needles; these are collected and subjected 
to the same treatment several times, whilst the first filtrate must be 
evaporated and the residue treated again in a similar manner. 
Finally two substances with different melting points are obtained, of 
which the more easily soluble has the lower melting point; but we 
think that it would be useless to mention their respective melting 
points, as we were unable to completely separate the two. 

(I.) Analysis of the substance with the higher melting point. 

(II.) That of the lower melting point. 


I. 0°1021 gave 0°2542 CO, and 0°0379 H.,O. C= 70°66; H = 412. 
IT. 00988 gave 0°2561 CO, and 0:0339 H,O. C = 70°60; H = 3°80. 
C,sHO, requires C = 70°86 ; H = 3°93 per cent. 

In order to determine the constitution of these two substances, we 
stadied their products of oxidation. 

The substance of lower melting point, of which we had a some- 
what larger quantity, when mixed with dilute nitric acid (1: 10) and 
heated on a water bath, gradually dissolved giving a bright yellow 
solution, which left a yellowish residue on evaporation. This was 
redissolved in hot water and lead acetate added; the white precipi- 
tate thus produced, being finally decomposed with dilute sulphuric 
acid, and the mixture extracted with ether. The ethereal solution 
after evaporation gave nearly white crystals, which on recrystallisa- 
tion melted at 216°. 

The acid was evidently a tricarboxylic derivative of benzene, and, 
judging by the melting point and its general properties, must have 
been 1:2: 4-trimellithic acid, C;H,(COOH);, and the constitution of 
the lower melting methylpurpuroxanthin is represented therefore by 
the formula A (p. 69). 

The body with higher melting point, when treated in asimilar way, 
gave a trace of a substance which melted. at about 180°, and in all 
probability was hemimellithic acid, a circumstance which shows that 
the methylpurpuroxanthin of higher melting point has the constitu- 
tion represented by formula B. 


Methylpurpuroxanthin, [OH : OH: CH; = 1:3:1’]. 


A mixture of 4 grams of dihydroxybenzoic acid, 15 grams of ortho- 
toluic acid, and 200 grams of sulphuric acid was heated for 15 hours 
at. 4 10—120°; the product was then poured into water and extracted 
with ether; the residue left on evaporating the ethereal extract was 
Suspended in water, and the excess of orthotoluic acid present 
driven off by means of a current of steam. This was followed by 
treatment with boiling benzene, and the svlution, on cooling, depo- 


¢ a oe a: a - oee 
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sited crystalline needles, which, after being recrystallised three times 
from hot benzene, melted at 246°, and yielded the following results 
on analysis. 


0°1254 gave 0°3249 CO, and 0°0484 H,O. C = 7066; H = 429. 
C\sH 0, requires C = 70°86; H = 3°93 per cent. 


It dissolves in alkalis, forming ared liquid. The solution in concen- 
trated sulphuric acid is brownish-red, and shows a narrow absorption 
band in the red. The substance is easily soluble in alcohol or ether, 
and is obtained in orange-coloured, pointed prisms on evaporating 
the ethereal solution. 


Acetyl Derivative of Methylpurpuroxanthin, 
[OAc: OAc: CH; = 1:3:1']. 


In order to acetylate the above methylpurpuroxanthin, it was 
digested with acetic anhydride and a small fragment of stannous 
chloride; the excess of acetic anhydride was then decomposed with 
alcohol, and, after driving off the ethylic acetate, the residue was 
crystallised from alcohol. In this way a product was obtained crys- 
tallising in lustrous, silky needles, and melting at 195°. It is not 
changed by cold alkalis, but is decomposed on heating with them. 


Ethers of Alizarin. 


We proposed some time ago the following formula for the mon- 
ethers of alizarin, obtainable by heating alizarin with caustic potash 
and an alkylic iodide, 

CO OH 
A\/\/\oR 


{ 
A 
CO 


and we pointed out (Trans, 1894, 65, 186) that the natural methyl 
ether discovered by Hummel and Perkin (Trans., 1893, 63, 1174) in 
the Chay root contains, probably, the methyl group attached to the 
oxygen of the a-hydroxy-group. This view has been lately adopted 
by the above-mentioned chemists (Trans., 1895, 6'7, 819). 

We think that our suggestion finds experimenta! support in a work 
of Lagodzinski (Ber., 1895, 28, 1427) lately published. This 
chemist obtained a monomethyl ether of alizarin by using hemipinic 
acid, 

OCH; 
CH,0/ ae, 


| 


VY COOH 
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which, considering the kind of reaction adopted, and the properties 
of the methoxy group adjoining one of the carboxylic groups, must 
have the same constitution as the ether formed direct by alkylisation 
of alizarin. The properties of both substances agree in every par- 
ticular, except as regards the melting point. Lagodzinski finds this 
to be 201°, whilst we determined it as 228°, a new determination 
giving the same value. This difference might be due to one of the 
substances being impure ; we consider our preparation to be pure. 


Ethers of Anthraquinoneoxime. 


In a preliminary communication (Ber., 1894, 2'7, 2125), we showed 
that the oxime of anthraquinone can be easily etherified. 1t suffices 
to boil an alkaline solution of anthraquinoneoxime with an alkylic 
iodide; after boiling for two or three hours, the solution is poured 
into water, the deposit is collected, and washed, firstly, with a weak 
solution of sodium hydroxide. and finally with water. 

We propose here to describe these substances more accurately, but 
before doing so, some remarks concerning the constitution of these 
compounds might be of use. 

The constitution of the anthraquinoneoxime ethers may be in accord- 
ance with either of the two following formule, 


CoO co 
eee scs 
LAA VYVy : 

te sae 


The first formula would show that these ethers are so called oxygen 
ethers, whilst the second suggests that they are nitrogen ethers ; the 
method of preparation, however, would in all probability lead to the 
formation of oxygen ethers, as it is well known that the alkali salts 
of oximes are genera'ly derivatives of true isonitroso-compounds. 
Therefore the substitution of the metal by an alkyi group would 
cause the formation of an oxygen ether. This is supported by the 
following facts. 

If the benzyl ether of anthraquinoneoxime is boiled with strong 
hydriodic acid, benzylic iodide is furmed, and is easily detected by its 
characteristic odour. Accordingly, if the methyl ether is heated with 
hydriodic acid in an apparatus simi'ar to Zeisel’s, methylic iodide is 
given off. Were those compounds nitrogen ethers, benzylamine and 
methylamine respectively would be formed. 
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Methyl Ether of Anthraquinoneoxime. 


This was obtained by the above-mentioned method. The product, 
after washing with a dilute watery solution of sodium hydroxide, -was 
crystallised from dilute alcohol, the crystallisation being repeated 
three times. The methyl ether melts at 147°, erystallises in yellowish 
needles and is easily soluble in organic solvents, especially ether ; the 
latter solution, when treated with hydrogen chloride, did not give any 
precipitate, and the residue left on evaporation melted at exactly the 
same temperature as the pure methyl ether. This fact again con- 
firms the above-mentioned formula, as it is known that nitrogen ethers 
oi the oximes under these circumstances give hydrochlorides. 


02091 gave 0°5836 CO, and 00899. C = 7612; H = 4°77. 
C,\sH,,NO, requires C = 75°94; H = 4°64 per cent. 
The molecular weight determined in the ethereal solution by means 
of the ebulioscopic method was found to be normal. 
k = 2110. 
0:2290 gave 46:14 Et. A = 0°045°. 
Mol. wt. calculated = 237. Mol. wt. found = 234, 


Ethyl Ether of Anthraqninoneoxime. 


The oxime was dissolved in absolute alcohol, a few drops of a con- 
centrated solution of potassium hydroxide added, and the mixture 
boiled for three hours, after adding some ethylic iodide. The solu- 
tion soon loses its dark brown colour, becoming pale yellow, and if 
the tint does not change after adding more potassium hydroxide, 
the treatment may be stopped, and the solutivn poured into water. 
The whole is now extracted with ether, and the residue left on dis- 
tilling off the ether is crystallised three times from dilate alcohol. 
The ethyl ether melts at a much lower temperature than the methyl 
ether, namely at 97°. 


0'2073 gave 10°99 c.c. of moist nitrogen at 24° and 762mm. N = 5'90. 
C,-Hi3NO, requires N = 5°57 per cent. 


Benzyl Ether of Anthraquinoneoxime. 


The alcoholic alkaline solution of the oxime was boiled with the 
calculated quantity of benzylic chloride, the solution poured into 
water, and the benzyl ether extracted by agitation with ether; the 
residue left on evaporating the ether was crystallised from alcohol. 
If the alcoholic solution is too concentrated, an oil separates, which 
becomes crystalline after a time; as these crystals are never quite 
pure, it is advisable to prepare a dilute solution, and induce crystal- 
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lisation by adding a crystalline fragment of the benzyl ether. The 
benzyl ether crystallises very well, and is easily soluble in alcohol, 
ether, benzene, and chloroform. It melts at 82°. 
0°1258 gave 0°3709 CO, and 0:0569 H,O. C = 80°40; H = 5:01. 
C.,H,;NO, requires C = 80°51; H = 4°79 per cent. 


VIII —Researches on the Terpenes. VI. Products of the 
Oxidation of Camphene; Camphoic acid and its 
Derivatives. 

By J. E. Marsu and J. A. Garver. 

In the Transactions for 1891, p. 64, we describe the method em- 
ployed for the oxidation of camphene by nitric acid, by which we 
obtained camphoic acid, a new acid of the formula C,H,O,. In this 
paper we give an account of some further experiments made with 
camphoic acid, and describe the isolation of other acids formed 
along with it by the oxidation of camphene; we also make some 
general observations as to the chemical nature of camphene, and its 
relationship to the terpenes, to camphor, and to camphoic acid. 


Camphoic acid. 


This acid was obtained in the way already described by heating 
camphene with nitric acid of sp. gr. 1°3 on the water bath; the crude 
acid is best purified by crystallisation from hot nitric acid of sp. gr. 
1:42, in which it is readily soluble, crystallising out almost completely 
on cooling. The melting point was wrongly given at 184—185° 
in the former paper; we find, however, that the acid melts at a 
temperature approaching 200°, whether crystallised from ether, from 
nitric acid, or from water, but the melting point is not quite exact as 
the substance begins to decompose before it melts; thus a specimen 
of the acid crystallised from ether melted at 197—198°, whilst 
another specimen twice crystallised from nitric acid melted at 196°, 
and after two further crystallisations from water it still melted at 
196°, in each case decomposing at the same time. The specimen of 
highest melting point was that obtained from anhydrocamphoic acid, 
a compound described in this paper; prepared in this way, it melts 
and decomposes at 199—200°. 

A specimen of the acid obtained from anhydrocamphoic acid gave 
on analysis 


Found. Calculated for C,)H,,O;. 
Carbon.......... 51°97 52:1 per cent. 
Hydrogen .....-- 619 6:0 * 
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Camphoic acid was also obtained by the oxidation of chloro- 
camphenephosphonic acid, Cj)H,Cl-PO;H:, by means of nitric acid. 
This acid is produced by the action of phosphorus pentachloride on 
camphene and subsequent treatment of the product with water; it 
was treated with nitric acid in the same way as described for 
camphene. The camphoic acid obtained from it was crystallised 
from ether and analysed. It gave 


Found. Calculated for Cj9H,,Og. 
Carbon........ oo «92°23 52°17 per cent. 
Hydrogen....... 6°39 6-08 “ 


This acid also split up on distillation into carbon dioxide, and cam- 
phopyric anhydride. 

Camphoic acid has a sharp, acid taste, and is very soluble in water, 
alcohol, and ether, but less so in benzene or petroleum. It is a 
tribasic acid, and forms salts with one, two, or three molecular pro- 
portions of base. A crystalline barium salt of the formula 
BaC,oH,,0, was described in the former paper; it had an acid 
reaction. Most of the salts of camphoic acid are soluble in water, 
but the copper and lead salts are almost insoluble. The sodium salt 
was not prepared, but on mixing weighed quantities of camphoic acid 
with two and three equivalents of caustic soda we found that the 
disodic camphoate is acid while the trisodic camphoate is alkaline. 

The triammonium camphoate is prepared by dissolving dry cam- 
phoic acid in dry ether and passing in dry gaseous ammonia. The 
precipitated salt must be collected rapidly and placed in a dry 
atmosphere over sulphuric acid, as it is deliquescent and turns yellow 
on exposure to moist air. It is obtained in this way as a white, 
friable mass, melting at 198—199° and at the same time decomposing. 
A determination of nitrogen gave 


Calculated for Calculated for 
Found. CoH), 0¢(NH,)s. CoH 20¢(NH,)>. 
| eerrrs. - 13°51 14°94 10°6 per cent. 


This salt is very soluble in water, and on evaporating the solution, 
ammonia is evolved and the monoammonium salt formed; this 
separates in white, glistening crystals, which melt at 208-—210°, and 
at the same time decompose. 

A determination of nitrogen gave the following result. 


Calculated for 
Found. C,9H,30.°N Hy. 
| Pere .- 5°86 5°67 per cent. 


The copper salt is obtained by boiling a solution of sodium 
camphoate with copper sulphate, when it separates as a pinkish preci- 
pitate, which redissolves on cooling the solution. The triplumbic 
a2 


i 


76 MARSH AND GARDNER: 


camphoate is obtained as a white precipitate on adding lead acetate 
or lead chloride to a solution of sodium camphoate. The precipitate 
when dried at 100° gave on analysis 


Calculated for 
Found. Pb3(Cj9H),0¢)3. 


Lead...... 56°5 57°7 per cent. 
A specimen dried at 120° gave lead 58°5. 


Anhydrocamphoice acid, CoH205. 


This acid is obtained by the action of acetyl chloride on camphoic 
acid. When camphoic acid is heated with acetyl chloride, it slowly 
dissolves with evolution of hydrogen chloride; the solution is then 
evaporated to dryness, and the residue crystallised from ether. It 
crystallises in large, transparent plates from ether or ethylic acetate, 
melting and decomposing at 205°. Its formula, C,H,,0;, is that of 
camphoic acid less 1H,O. On analysis it gave 


Vound. Caleulated for C,gH,,0;. 
Carbon.......... 56°51 56°6 per cent. 
Hydrogen....... 95°93 + 


Anhydrocamphoic acid has a sweet taste very different from the 
sharp acid taste of camphoic acid. It is only slightly soluble in 
benzene, chloroform, petroleam, or cold water ; it is readily solable in 
hot water, and on cooling crystallises out in part unchanged ; part, 
however, is hydrolysed. It crystallises best from dry ether or from 
ethylic acetate, and is precipitated from its solution in ether on 
the addition of light petroleam. It dissolves in sodinm carbonate, 
and is precipitated unchanged by the addition of hydrochloric acid. 

When anhydrocamphoic acid is boiled with water preferably con- 
taining a little acid, it is gradually hydrolysed with production of 
camphoic acid. The camphoic acid obtained in this way melts at. 
199—200° with decomposition. The analysis of it is given on page 74. 

It was stated in the former paper that when camphoic acid is dis- 
tilled it undergoes decomposition yielding carbon dioxide, water, cam- 
phopyric anhydride, and isocamphopyric acid. 


€,H,.O. = C,H.,.0; + H,0 + CO,, 
OH yO, = C5HyO, + CO.. 


When anhydrocamphoic acid is heated above its melting point, it 
decomposes into camphopyric anhydride and carbon dioxide. 


C,oH,,0; = C,H,20;3 + CO,. 


The reaction appears to be quantitative, but it is difficult to obtain 
an exact result owing to the sublimation of the camphopyric an- 
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hydride. A weighed quantity of anhydrocamphoic acid was heated 
in a tube connected with a drying tube and potash bulbs; the tube 
was heated in a sulphuric acid bath above the melting point of the 
substance until the effervescence ceased, and the decomposition 
appeared to be complete; a current of air was then drawn through 
the apparatus. The experiment gave 


Found. Calculated. 
Total loss of weight of anhydro- 
camphoic acid .........s00.- 20 20 per cent. 
Gain of weight of drying ihe. « 1 0 “ 
Gain of weight of potash bulbs 
(carbon dioxide) ..........+. 17 20 ” 


The loss of weight in excess of the amount of carbonic acid 
appeared to be due to sublimation of the anhydride, some of which 
may have found its way into the drying tube. 

Anhydrocamphoic acid is a monobasic acid, neutralising one 
equivalent of caustic soda; but the point of neutralisation is difficult 
to hit, owing to the rapid hydrolysis of the anhydride by the action 
of caustic soda, the colour produced on the indicator, phenol- 
phthalein, rapidly disappearing as the soda is taken up. 

The relation subsisting between camphoic acid and anhydro- 
camphoic would be that represented by the formule 


H H 
C—COOH C—CO 
CH.<4 -COOH OHs<he co>? 
COOH <coou 
Camphoic acid. Anhydrocamphoice acid. 


Camphopyric acid, cis-. 


When camphoic acid is distilled, camphopyric anhydride, C,H;.0,, 
is obtained ; this, when dissolved in hot caustic soda, is converted 
into camphopyric acid, C,H,,0, Camphopyric anhydride is also 
obtained by heating anhydrocamphoic acid above its melting point; 
further, if camphoic acid is heated above its melting point, it 
undergoes decomposition, with loss of carbonic acid, but without 
appreciable loss of water if the temperature be not allowed to rise 
much above the melting point of the substance. In this way, the 
acid is produced directly from camphoic acid, the reaction taking 
place thus: CHO. = CO, + C,H,,0O,. The product thus obtained 
dissolved almost entirely in cold solution of sodium carbonate, and the 
precipitate produced by hydrochloric acid after two crystallisations 
from water melted at 203—204°. It contains some mesocampho- 
pyric acid, a substance to be mentioned later (p. 79). 

Camphopyric acid is a dibasic acid, and requires two molecular 
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proportions of sodium hydroxide for neutralisation. 0°186 gram acid 
required 10 c.c. of standard sodium hydrate (1 c.c. = 0°008 NaHO) 
for neutralisation (calculated for dibasic acid 10 c.c.). It closely 
resembles camphoric acid as to the solubility of its salts, they being 
in general soluble in water, but the lead and copper salts, like those 
of camphoric acid, are insoluble in water, and are precipitated on 
adding a soluble lead or copper salt to a solution of the sodium salt 
of the acid. The lead salt thus obtained as a white precipitate was 
analysed after being dried at 110°. It gave 
Found. Calculated. 
Lead .....0.-. 52°5 52°9 per cent. 


The sodium salt was prepared and analysed; it is extremely 
soluble in water, and, on evaporating, the solution is left in a syrupy 
condition, but it can be crystallised from a mixture of ether and 
alcohol. After drying at 120°, it gave 


Found. Calculated. 
Sodium...... 19°57 20°00 per cent. 


Camphopyric Anhydride, cis-. 


This compound, described in a former paper, is formed by distil- 
ling camphoic acid, by heating anhydrocamphoic acid above its 
melting poiut, and also by the action of acetyl chloride on cis-cam- 
phopyric acid; the yield in the last case is over 90 percent. It is 
also formed by the action of water on camphopyryl chloride. The 
analogy between camphopyric acid and camphoric acid is also borne 
out by the nature and modes of production of their anhydrides. The 
two anhydrides are very similar in appearance and in properties; 
they are both very stable with regard to the action of water; they 
may both be crystallised from water unchanged; they are both vola- 
tile at 100°, and may be sublimed at this temperature, and they are 
both volatile in steam. In one point, however, they differ, the melt- 
ing point of camphoric anhydride being higher, whilst that of cam- 
phopyric acid is lower than the melting points of their respective 
acids. 

Camphopyric acid, m. p. 209°. Camphoric acid, m. p. 185°. 
Camphopyric anhydride, m. p. 178°. Cemphoric anhydride, m. p. 220°. 

Camphopyryl chloride, CjH.O0,Cl,.—-When camphopyric acid is 
treated with phosphorus pentachloride, it gives the acid chloride 
CoH;,0,Cl, ; this is best obtained by mixing camphopyric acid with a 
slight excess of the pentachloride in a mortar, the acid being added 
gradually, and the whole well stirred; in this way, the formation of 
anhydride is avoided. The oxychloride of phosphorus is then dis- 
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tilled off under ordinary pressure, and the camphopyry] chloride 


under diminished pressure ; it comes over at 125—130° under 13 mm. 
pressure. The above method is also satisfactory in the preparation 
of campbory] chloride from camphoric acid. 

Camphopyry! chloride’is a colourless liquid, resembling camphory] 
chloride in smell, reacting slowly in cold water, but readily soluble in 
and hydrolysed by hot water; it is only slowly acted on by sodium 
hydrate solution when cold. The amount of sodium hydrate required 
to neutralise the acids formed on hydrolysis of camphopyry] chloride 
was determined by dissolving the chloride in standard sodium 
hydroxide in excess, the excess of sodium hydrate being determined 
by standard nitric acid. It was found that one molecular proportion 
of camphopyryl chloride required 3°86 (theory 4:0) molecular propor- 
tions of sodium hydroxide. The chlorine was also determined by 
titration with standard silver nitrate solution, using potassium chro- 
mate as indicator. 

Found. Calculated. 
Chlorine ........ 311 31°8 per cent. 


Action of Water on Camphopyryl Chloride.—It was found by Marsh 
(Proc. Roy. Soc., 1890, 4'7, 6) that when the acid chloride of ordinary 
dextrocamphoric acid was treated with boiling water, it was converted 
into a mixture of the anhydride of dextrocamphoric acid and a new 
camphoric acid which was found to be levorotatory. This acid was 
readily separated from the anhydride of the dextro-acid, with which 
it was mixed, by treatment with a cold solution of sodium carbonate. 

The relationship of these two camphoric acids to one another led 
Marsh to consider one of them, namely, the dextrorotatory, as the 
cis-, and the levorotatory as the trans-modification, corresponding to 
Baeyer’s cis- and trans-hydroterephthalic acids. Shortly before the 
publication of Marsh’s paper, Professor Friedel had announced the 
discovery of the same levocamphoric acid which he had obtained 
from the long known mesocamphoric acid. It then appeared that 
mesocamphoric acid was nothing else but a mixture of the dextro- 
and levo-camphoric acids. 


Mesocamphopyric acid. 


When camphopyry! chloride is treated with boiling water, it does 
not behave quite in the same way as camphoryl chloride, but the 
whole of the chloride readily goes into solution, and is hydrolysed ; 
the acid was obtained from this solution, the yield being theoretical. 
It was found to be quite different from the original camphopyric 
acid, and subsequent examination proved it to be a mixture of the 
original acid, which we call the cis-modification, with a new isomeric 


prem mer 


: 
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acid, frans-camphopyric acid. This mixture of acids we call meso- 
camphopyric acid to recall its analogy to mesocamphoric acid. The 
mesocamphopyric acid crystallises well from water, having all the 
appearance of a single substance; its melting point, however, is not 
quite constant, varying between 160° and 170°. This acid appears to 
be identical with the acid which we formerly described as isocam- 
phopyric acid produced along with camphopyric anhydride by the 
distillation of camphoic acid; it is also produced when camphoic 
acid is heated just above its melting point, in which case there is 
excess of the ordinary cis-camphopyric acid produced. 


Camphopyric acid, trans-. 


Mesocamphopyric acid, when treated with acetyl chloride, is sepa- 
rated into its constituents, the cis-acid being converted into anhy- 
dride, while the trans-acid is left unaltered, and the two can then be 
separated by the action of a solution of sodium carbonate, which 
dissolves the trans-acid and leaves the czs-anhydride unaltered. The 
acid so obtained, after a second treatment with acetyl chloride, was 
crystallised from water. It melted at 190—191°. It was analysed 
and gave 


Found. Calculated for CyH,,0,. 
Cariom 0.22.55. 57°7 58°0 per cent. 
Hydrogen........ 77 75 J 


A better way to obtain the trans-camphopyric acid is to leave 
camphopyry! chloride exposed to moist air for some hours. In this 
way the liquid beccmes converted into a dry, white, crystalline mass 
consisting of a mixture of the trans-acid with the anhydride of the 
cis-acid. The two are then separated by treatment with a solution 
of sodium carbonate. On precipitating the sodium carbonate solution 
by hydrochloric acid and crystallising from water, the acid is obtaine 
melting at 191°. 

The meso-acid was prepared synthetically by mixing equal weights 
of the cis- and trans-acids, and crystallising from water; it is 
obtained thus as a homogeneous, crystalline substance, melting 
between 163° and 170°. The melting points of the three campho- 
pyric acids are thus closely analogous to those of the three corre- 
sponding camphoric acids, the trans-acid in each case melting at a 
lower temperature than the cis-, and the meso-acid lower than either 
of its constituents. 


Chlorocamphopyryl Chloride. 


In preparing camphopyryl chloride by the action of phosphorus 
pentachloride on camphopyric acid, we found that if the pentachlo- 
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ride is in excess and the mixture is heated on the water bath, the 
acid chloride produced contains more chlorine than is required by 
the formula C,H,,0,Cl,; thus a specimen prepared in this way and 
distilled under diminished pressure at 132—133° was analysed, the 
chlorine being estimated by Carius’ method. It gave 


Found. Calculated for CyH,,0.Cl.. 
Chlorine 2.40000: 32°9 31°8 per cent. 
”. &+4+4;»*80808 “see 33°1 = ” 


It was suspected that, by the action of heat on the camphopyryl 
chloride in presence of excess of pentachloride of phosphorus, chlorine 
is substituted for hydrogen, as was found by Marsh to occur in the 
case of camphoric acid under similar circumstances (Proc. Roy. Soc., 
loc. cit.). Accordingly camphopyric acid was treated in order to 
produce chlorocamphopyryl chloride in the same way as camphoric 
acid was treated to produce chlorocamphoryl chloride. Eight grams 
of camphopyric acid were heated with 33 grams of phosphorus 
pentachloride in a flask on a sand bath, the flask being provided 
with a reflux condenser; hydrogen chloride was evolved, and the 
product became liquid. After about seven hours’ heating, the evolu- 
tion of hydrogen chloride had practically ceased, and, on cooling, the 
liquid was poured off from the excess of pentachloride, which had 
crystallised out. It was distilled at first under ordinary pressure, 
when it began to boil at 85°, the temperature rising slowly, showing 
the presence of phosphorus trichloride along with the oxychloride. 
The substance was then distilled under 15 mm. pressure, when it 
boiled at 142°. It is a colouriess liquid. The chlorine was de- 
termined. 

Found. Calculated for CyH,,0.Cls. 
Chlorine ......... 41°7 41°3 per cent. 


It thus appears that camphopyric acid undergoes the same reaction 
as camphoric acid, as expressed by the following equations. 


CH 604 + 3PCl, —s C,)H,;C1,0,. + PCl, — 2PO0CI, _ 3HCI. 
C,H,,0; + 3PCl, — C,H,,C1,0, + PCI, a 2PO0CI, + 3HCl. 


Chlorocamphoryl Chloride. 


As the notice in the Proceedings of the Royal Society with regard 
to this substance was very brief, it may not be out of place here to 
give some further details about it. 

Camphoric acid, mixed with about 4} times its weight of phos- 
phorus pentachloride, was heated in a flask provided with a reflux 
condenser on a sand bath for 17 hours; the trichloride and oxychlo- 
ride of phosphorus were then distilled off under ordinary pressure, 


82 MARSH AND GARDNER 


and the residue fractionally distilled under diminished pressure. 
After three distillations, a liquid was obtained boiling at 145—148° 
under pressure (11 mm.), which solidified on cooling. The chlorine 
was determined in this specimen. 


Calculated. 
Found. C¢H3Cl,0¢. 
Chlorine ....... 39°37 39°23 per cent. 


> * wee wees 39°27 — 


The amount of the pure substance so obtained was 70 grams from 
100 grams of camphoric acid, 40 grams of less pure substance being 
also obtained. Chlorocamphoryl chloride is a nearly colourless, 
crystalline solid, melting when the flask containing it is held in the 
hand at a temperature of about 28°. 


” 


Chlorocamphoric Anhydride. 


When chlorocamphory]! chloride is poured into seven or eight times 
its weight of boiling water, it remains at the bottom of the vessel in 
the form of an oil, which gradually becomes solid; the solid was 
washed with sodium carbonate solution, in which very little dis- 
solved, and, as it gave off hydrogen chloride on drying, it was again 
treated with hot water, then washed with sodium carbonate, and 
dried. From 70 grams of chlorccamphoryl chloride, 50 grams of 
chlorocamphoric anhydride were thus obtained, or over 90 per cent. of 
the theoretical yield. The substance, crystallised from benzene, 
melted at 233—234°; another specimen melted at 235°. The chlo- 
rine was estimated. 


Calculated. 
Found. Cj 9H,3Cl03. 
Chlorine......... 16°22 16°39 per cent. 


If chlorocamphory] chloride is boiled with water until it is entirely 
dissolved, camphanic acid is obtained on concentrating the solu- 
tion ; it separates at first as an oil, which crystallises after a time. 

The crystals effloresce in the desiccator. I, a portion was dried at 
100° and analysed ; II is another specimen prepared in the same way. 


Found. 
coe Calculated. 
I. II. C4oHy,04. 
Carbon...... 60°25 60°51 60°60 per cent. 
Hydrogen... 7°07 7°27 7:07 * 
The barium salt gave 25°4 per cent. Ba, found. 
9 - 258 ,, » calculated. 


The salt is completely soluble in water and on slow evaporation 
gives crystals. 
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Aschan has recently described the production of chlorocamphoric 
anhydride in another way, and has shown that it is converted into 
camphanic acid by boiling with caustic soda. We may be permitted 
tc say that our work above described on chlorocamphoric chloride, 
chlorocamphoric anhydride and camphanic acid, was done during or 
before the year 1889. 


Chlorocamphopyric Anhydride. 


Chlorocamphopyry! chloride is only very slowly acted on by 
water; if, however, it is dissolved in ether and this solution is 
allowed to remain in contact with water, large, colourless crystals 
gradually form between the ethereal and aqueous layers. These 
crystals are nearly insoluble in light petroleum or benzene, more 
soluble in ether and still more so in chloroform. They melt at 
228—229° and gave the following results on analysis. 


Calculated. 
Found. C,H,,C103. 
Carbon ....0++ 53°04 53°33 per cent. 
Hydrogen ...... 5°80 5°44 o 
Chlorine ....... 17°50 17°50 és 


The substance is chlorocamphopyric anhydride analogous to 
chlorocamphoric anhydride. We have not yet obtained sufficient of 
the substance to determine whether an acid analogous to camphanic 
acid is produced from it, but we have evidence that the acid obtained 
by dissolving chlorocamphopyry] chloride in sodium hydroxide is not 
a monobasic lactonic acid like camphanic acid, but a dibasic hydroxy- 
acid. This point, however, we must reserve, and we hope to make 
it the subject of a future communication to the Society. 


Camphopyranilic acid. 


Camphopyric acid forms an anilic acid, again closely analogous to 
the anilic acid from camphoric acid. Camphopyric anhydride was 
heated with aniline and the melt, which became solid on cooling, 
after being washed with dilute hydrochloric acid to free it from 
aniline, was crystallised from alcoho]. Camphopyranilic acid is 
then obtained in colourless crystals, melting at 212°, of the formula 


C es ‘CoH 14 is soluble in soda and reprecipitated by 
hydrochloric acid. 
Found. Calculated. 
Carbon........ 68°84 68°96 per cent. 
Hydrogen...... 7°39 7°23 " 


Nitrogen ...... 5°41 5°36 ” 


f 
j 
| 
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and the residue fractionally distilled under diminished pressure. 
After three distillations, a liquid was obtained boiling at 145—148° 
under pressure (11 mm.), which solidified on cooling. The chlorine 
was determined in this specimen. 


Calculated. 
Found. Cg H,3C],09. 
CelevEee . 2000 39°37 39°23 per cent. 
a int eek moe — ” 


The amount of the pure substance so obtained was 70 grams from 
100 grams of camphoric acid, 40 grams of less pure substance being 
also obtained. Chlorocamphoryl chloride is a nearly colourless, 
crystalline solid, melting when the flask containing it is held in the 
hand at a temperature of about 28°. 


Chlorocamphoric Anhydride. 


When chlorocamphory] chloride is poured into seven or eight times 
its weight of boiling water, it remains at the bottom of the vessel in 
the form of an oil, which gradually becomes solid; the solid was 
washed with sodium carbonate solution, in which very little dis- 
solved, and, as it gave off hydrogen chloride on drying, it was again 
treated with hot water, then washed with sodium carbonate, and 
dried. From 70 grams of chlorccamphoryl chloride, 50 grams of 
chlorocamphoric anhydride were thus obtained, or over 90 per cent. of 
the theoretical yield. The substance, crystallised from benzene, 
melted at 233—234°; unother specimen melted at 235°. The chlo- 
rine was estimated. 


Calculated. 
Found. C9H)3Cl03. 
Chlorine......... 16°22 16°39 per cent. 


If chlorocamphory] chloride is boiled with water until it is entirely 
dissolved, camphanic acid is obtained on concentrating the solu- 
tion ; it separates at first as an oil, which crystallises after a time. 

The crystals effloresce in the desiccator. I, a portion was dried at 
100° and analysed ; II is another specimen prepared in the same way. 


Found. 
ooo Calculated. 
I. Il. CoHy,0.. 
Carbon...... 60°25 60°51 60°60 per cent. 
Hydrogen... 7°07 7:27 7:07 a 
The barium salt gave 25°4 per cent. Ba, found. 
. “ 25°38 ,, » calculated. 


The salt is completely soluble in water and on slow evaporation 
gives crystals. 
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Aschan has recently described the production of chlorocamphoric 
anhydride in another way, and has shown that it is converted into 
camphanic acid by boiling with caustic soda. We may be permitted 
tc say that our work above described on chlorocamphoric chloride, 
chlorocamphoric anhydride and camphanic acid, was done during or 
before the year 1889. 


Chlorocamphopyric Anhydride. 


Chlorocamphopyry! chloride is only very slowly acted on by 
water; if, however, it is dissolved in ether and this solution is 
allowed to remain in contact with water, large, colourless crystals 
gradually form between the ethereal and aqueous layers. These 
crystals are nearly insoluble in light petroleum or benzene, more 
soluble in ether and still more so in chloroform. They melt at 
228—229° and gave the following results on analysis. 


Calculated. 
Found. C,H,,C10;, 
Carbon ........ 53°04 53°33 per cent. 
Hydrogen...... 5°80 5°44 ” 
Chlorine ....... 17°50 17°50 ‘ 


The substance is chlorocamphopyric anhydride analogous to 
chlorocamphoric anhydride. We have not yet obtained sufficient of 
the substance to determine whether an acid analogous to camphanic 
acid is produced from it, but we have evidence that the acid obtained 
by dissolving chlorocamphopyryl! chloride in sodium hydroxide is not 
a monobasic lactonic acid like camphanic acid, but a dibasic hydroxy- 
acid. This point, however, we must reserve, and we hope to make 
it the subject of a future communication to the Society. 


Camphopyranilic acid. 


Camphopyric acid forms an anilic acid, again closely analogous to 
the anilic acid from camphoric acid. Camphopyric anhydride was 
heated with aniline and the melt, which became solid on cooling, 
after being washed with dilute hydrochloric acid to free it from 
aniline, was crystallised from alcoho]. Camphopyranilic acid is 
then obtained in colourless crystals, melting at 212°, of the formula 


er os ‘CoH, It is soluble in soda and reprecipitated by 
hydrochloric acid. 
Found. Calculated. 
Carbon........ 68°84 68°96 per cent. 
Hydrogen...... 7:39 7°23 - 


Nitrogen ...... S41 5°36 » 
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Action of Hydrogen Iodide on Camphopyric acid. 


Sixteen grams of camphopyric acid were heated with 32 c.c. of 
hydriodic acid of sp. gr. 1°8, and a little red phosphorus in sealed 
tubes ; the action is very slow, the tubes containing some crystalline 
matter after prolonged heating. They were heated in all for 
40 hours at first at 220°, and finally to 280°; the contents of the 
tubes were then liquid. The liquid was made alkaline with soda 
and distilled in steam, when a pale yellow, volatile oil came over, 
this was separated, dried with calcium chloride, and distilled from 
sodium, when most of it came over at 105—125°. On redistilling 
this fraction, it boiled at 105—115°; the amount was 2 cc. On 
analysis it gave 


Found. Calculated. C,H),. 
Carbon........ 85°75 85°71 per cent. 
Hydrogen..... - 13°84 14°24 ™ 


By analysis alone it is not possible to distinguish between hexa- 
hydro-xylene, CsH., and hexahydrotoluene, C;Hy, or any other hydro- 
carbon of the series. The vapour density, however, showed that the 
substance was hexahydro-xylene. 


Weight of substance taken...... 0:0891 gram. 
FORRES OF BH. 0 cece ccccccessecs 18°75 c.c. 
Barometer, 761 mm. Temperature, 13°C. 

Hence density (H = 1)......... 56°3. 


Density of hexahydro-xylene (calculated).... 56 
se hexahydrotoluene ( - jee. 49 


The substance was also nitrated; for this purpose 1} c.c. of the 
hexahydro-xylene was heated with 25 c.c. of a mixture of 2 parts of 
strong sulphuric acid and 1 part of nitric acid. As nothing separated 
on cooling, the mixture was poured into water, when, on standing, 
fine crystalline needles were deposited; these, after being washed 
with water and crystallised from alcohol, melted at 178°, and were 
evidently trinitrometaxylene. Hence the reduction of camphopyric 
acid by hydrogen iodide yields hexahydrometaxylene. 


Further Products of the Oxidation of Camphene. 


Among the other products of the oxidation of camphene by nitric 
acid, we obtained terephthalic acid, camphoric acid, and succinic 
acid, besides other substances, the nature of which we have not yet 
determined. 

After camphoic acid has been separated from the crude product 
of oxidation, a syrupy mass is left; most of this dissolves on 
treating it with ether, leaving terephthalic acid as an insoluble white 
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powder. This was converted into its dimethylic salt by treatment 
with phosphorus pentachloride and methylic alcohol. On cerystal- 
lising the product from methylic alcohol, it melted at 140—141°. 

When the etheral solution of the syrupy mass was shaken up with 
sodium carbonate solution, a considerable amount was left dissolved 
in the ether, having apparently no acid properties, and on separating 
the ethereal solution, a yellow oily residue was left. On attempting 
to distil this yellow oil, it suddenly and violently decomposed, after 
removal of the flame, evolving gas and leaving a small quantity only 
of carbonaceous residue in the flask. 

The sodium carbonate solutions were acidified, but no definite 
substance could be obtained from them; on distilling the product 
which separated, however, a large quantity of camphopyric anhydride 
was obtained, hence the oily matter probably still contained cam- 
phoic acid. Besides the camphopyric anhydride, an oil was ob- 
tained on distillation; this was volatile in steam, lighter than 
water, and had a camphorous smell. It was shaken out with ether 
and distilled. It boiled at about 250°, and gave on analysis 


Found. Caleulated. C,H,,0,. 
Carbon .....0. 68°46 68°57 per cent. 
Hydrogen ...... 8°73 8°57 ss 


It appears to be saturated as it does not take up bromine. One 
gram was heated at 100° with baryta water, and the barium salt 
obtained was converted into the sodium salt by means of sodium 
carbonate ; the sodium salt, after having been freed from carbonate by 
solution in alcohol, was analysed. 


Calculated. 
Found. CH,3,NaQs3. 
Sodiam........ 13-0 12°7 per cent. 


The oil thus appears to be a lactone, but it was not obtained in 
sufficient quantity to enable us to examine it further. 

The presence of succinic acid was suspected, by its characteristic 
taste, in the crude crystals obtained from the mother liquors after 
separation of the camphoric acid. It was isolated by suitable means, 
and, after crystallising from water, it melted at 186°. It gave a 
barium salt insoluble in ammonia; this was analysed. 

Found. Calculated. 
rrr 53°67 54°15 per cent. 


Camphoric acid was obtained in small quantity from the crude 
crystalline camphoic acid by treatment with acetyl chloride, and 
separated as anhydride from the anhydrocamphoic acid by sublima- 
tion at 100° or by treatment with water. After being purified by 
recrystallisation from boiling water, it was obtained sometimes in 
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small needles, sometimes in thin leaf-like crystals. The specimens 

from different samples of camphoic acid, varied somewhat in melt- 

ing point; one, prepared by sublimation melted at 204°, another, 

after recrystallisation from water, at 220—221°, and another at 

215—216°. Another specimen, obtained by treatment with water, 

melted at 204—205° after recrystallisation from absolute alcohol. 
Several of these different samples were analysed. 


Found. 
, A —~ Calculated for 
8 II. IIT. C.9H,,03. 


65°05 65°48 65°35 65°93 
8-00 79 7°75 7°69 

Another sample, melting at 215—216°, was boiled for a long time 
with water, in which it gradually became more soluble; after being 
allowed to remain for a long time, it was concentrated to a small 
bulk, when white, glistening, crystalline leaves separated. These 
crystals had an acid reaction and melted at 182—186°. A small 
portion, on treatment with acetyl chloride, gave an anhydride melt- 
ing at 213°. The acid was analysed, with the following results. 

Found. Calculated for C,)H,,0,. 
60°0 per cent. 
8-0 - 

From this it appears that the product of oxidation of camphene 
contains a camphoric acid, but whether a new one or one already 
known it is impossible to say, as the quantity was insufficient to 
determine its optical rotation or to purify it further. 


Theoretical Considerations. 


The hydrocarbon camphene, from which camphor, camphoric acid, 
and camphoic acid are derived, is a very stable substance, differing 
in that respect from the turpentines and citrenes. It appears to be 
a saturated hydrocarbon, to contain no double linkings, whereas tur- 
pentine appears to have one, and citrene two double linkings. Wallach 
has shown that camphene does not form an additive compound with 
bromine, but a substituted compound, and our own work on the 
phosphonic and chlorophosphonic derivatives of camphene shows 
that the hydrocarbon readily forms substituted, but not additive 
compounds. Camphene, it is true, forms an additive compound with 
hydrogen chloride, and this circumstance appears to have led 
chemists to ascribe a double linking to camphene. But hydrogen 
chloride and the halogen acids are not, like bromine, reagents 
specially characterised by their capability of saturating a double 
linking, although in certain cases they may do so. Hydrogen chlo- 
ride does not, for example, under ordinary circumstances, if at all, 
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saturate the double linking in ethylene or in allyl alcohol. Now, if 
camphene contain no double linking, it must be constituted of at 
least three closed rings, for a compound having ten carbon atoms 
derived from a fully saturated open chain formula C,H» must, if it 
remain saturated, close a chain for every pair of hydrogen atoms it 
loses. If, then, camphene, C,H, is a saturated hydrocarbon consti- 
tuted of three closed rings, in order to form camphene hydrochloride, 
©yH,,Cl, or camphor, C\oH,.0, from it, one of the three closed rings 
must be broken, leaving two, and to form camphoric acid, C,oH,.O, 
or camphoic acid, CHO, two of the closed rings must be broken, 
leaving only one. Hence when hydrogen chloride acts on camphene 
we regard the union of the two, not as the saturating of a double 
linking, but as the breaking of a ring formation. This is by no 
means an uncommon action of a halogen acid. Indeed the halogen 
acids are characterised by their power of breaking feebly united ring 
structures much more so thanis bromine. For example, Freund 
found that the trimethylene ring is readily broken by hydrogen 
iodide, but with great difficulty by bromine. Perkin also found that 
trimethylenedicarboxylic acid was not acted on by bromine at the 
ordinary temperature, while substitution took place on warming ; on 
the other hand, the ring is immediately broken by hydrobromic acid. 
Similar instances might be given in the case of other rings. 

If, then, camphene may be regarded as constituted of several ring 
formations, we have next to consider the evidence as to the parti- 
cular nature of these rings. The production of camphoic acid from 
camphene, together with its relationship to camphoric acid and to 
hexamethylene, appears to throw light on this question. The close 
analogy of camphopyric acid to camphoric acid, and the production 
of hexahydrometaxylene from each of them, warrants us in assuming 
that both acids, and also camphoic acid, are substituted derivatives 
of hexamethylene. Now, since camphoic acid is not formed from 
camphor or from camphoric acid, it would appear that the cam- 
phene molecule is broken down in two ways: (1) to yield camphor 
and camphoric acid, (2) to yield camphoic acid, in both cases leaving 
a hexamethylene nucleus untouched. The forinule given by Marsh 
(Proc. Roy. Soc., 1890, 47, 6) for camphor and camphoric acid 
represented them, if we disregard for the moment the position of the 
methyl group, as follows— 

CH, OH. 


or 


/ Fh 
H.C cus CH-CH3, H.C cu; CH-CH,-COOH 
t CO fe 


| Hin 


| Hin | 
H,C ting CH-CH,“ H,C ting CH-COOH 


a Fl be 
CH, H, 
Camphor. Camphoric acid, 


| 
| 
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with a methyl group substituted for hydrogen in the hexamethylene 
ring. 

The most probable view of the constitution of camphoic acid 
appears to us to represent it as a hexamethylene ring with two 
carboxyl groups replacing hydrogen attached to the same carbon 
atom, and one carboxyl group replacing hydrogen attached to an 
adjacent carbon atom, with methyl replacing hydrogen in the ring, 
thus : 


CH, 
my Ay" << COOH 
“ou °Scoon 
HC ting CH-COOH 
CH, 


In order to derive the foregoing formule for camphor and for cam- 
phoic acid from camphene, we have to explain the six carbon and 
five carbon rings of camphor and the six carbon ring of camphoic 


. acid, which it appears to us is necessarily different from the six 


carbon ring in camphor and in camphoric acid. We have, then, in 
camphene a pentamethylene ring and two different hexamethylene 
rings. These we cannot express by the ordinary cyclic formule. 
We have to give to camphene a tridimensional formula, a formula in 
which the atoms are not regarded as situated in a plane, but cn the 
surface of a sphere. Such formule, which can only be imperfectly 
represented on paper, may be called spheric formule to distinguish 
them from cyclic formule. They may be regarded as derived from 
triply-linked carbon atoms in the same way that Baeyer has repre- 
sented cyclic formule as derived from doubly-linked carbon. Baeyer 
has derived cyclic formule from doubly-linked carbon atoms, regard- 
ing the carbon atoms as not directly doubly linked, but indirectly 
through the intervention of other carbon atoms, as, for example, in 
his comparison of the hexahydroterephthalic acids with maleic and 
fumaric acids— 


H COOH H COOH 
\Z 


C C 
| SN 


Cc 
\ tie 
if COOH H COOH 


In a similar manner we may regard spheric formule as derived 
from triply-linked carbon atoms, the carbon atoms not being directly 


om eet he OU 


th 
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linked by three bonds, but indirectly by the intervention of other 
carbon atoms, thus (Fig. I) : 


Fia. II. 
Fia. I, 
H 
Pe 3 it 
H Cc «¢ Cc 
Cc 
HT 
Cc 
H Gc xg Cc 
i. al 
H 


a formula made up of three hexamethylene rings. 

The formula we propose for camphene is derived from this triple 
hexamethylene spheric formula, thus (Fig. IT). 

By breaking the link marked a, we derive the formula of camphor ; 
whereas by breaking the two links marked £, and leaving the link «, 
we derive camphoic acid. In the first case, a pentamethylene and a 
hexamethylene ring are left, while when the links $f are broken, a 
hexamethylene ring only is left, which is, moreover, different from 
the hexamethylene ring of camphor. 

Further, we represent turpentine or pinene by the same structure 
as camphene, omitting the link y, and introducing one double link- 
ing. The production of camphene from turpentine hydrochloride is 
readily explained by this hypothesis, which, we believe to be borne 
out by other reactions of turpentine and its oxidation products. The 
universally-accepted structure for citrene and cymene is also readily 
derived from that of turpentine by eliminating the linking 4, and 
from camphene by elimination of both y and é links. The cam- 
phor and camphoric acid formule, derived from the above camphene 
formula, differ from those proposed by Marsh in 1889 only in the 
position of the methyl group in the ring. Against those formule, no 
serious objection has been brought forward except that they do not 
account for the production from camphoric acid of trimethylsuc- 
cinic acid. But the formation of trimethylsuccinic acid appears to 
us to indicate such a complete breaking down of the camphoric acid 
molecule, that ii would not seem likely to have any more value for 
the determination of the formula of that compound than, for example, 
VOU. LXIX. H 
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the formation of methylsuccinic acid from tartaric acid or of alcohol 
from sugar has for determining the constitution of tartaric acid or 
of sugar respectively. 

The formula now proposed for camphor and camphoric acid, differ- 
ing, as we have said, from the earlier ones only in the position of the 
methyl group, are represented below as derived from camphene. 


oa. 


é CH 
™ a a Ch, oe CH, 
5 | i Sg la 
ae” H.C OH” \. u.¢ H-CooH 
i co | 
HC % CH CH,CH bn. f CH,CH CH-CH,-COOH 
Te. . it os Wa, 
r Camphor. Camphoric acid. 
CH 
3 
Camphene. 


In conclusion, we believe that the formule suggested in this paper 
account in a simple manner for the principal facts relating to the 
terpene and camphor groups. They account— 


1. For the conversion of turpentine, citrene, and camphor into 
cymene. 

2. For the conversion of camphor into carvacrol. 

3. For the conversion of turpentine into camphene and into 
citrene. 

4. For the oxidation of camphene to camphor and to camphoic 
acid. 

5. For the absence of double linkings in camphene, and for the 
presence of one double linking in turpentine and two in 
citrene. 

6. For the production from camphoric acid of camphanic acid, 
and campholactone. 

7. For the relationship of camphoric acid and camphoic acid to 
hexahydroisoxylene. 

8. For the general analogy of camphoric acid and camphopyric 
acid, and for the stereoisomerism manifested by them. 


University Laboratory, 
Oxford. 


1X.—The Action of Sodiwm Alcoholate on Amides. 


By Joutus B. Conen, Ph.D., and Wituiam H. Arcupeacoy, B.Se., The 
Yorkshire College. 


At the meeting of the British Association in 1894 (Brit. Assoc. Reports, 
p. 625) a communication was read by one of us on the constitution of 
the amides, containing a brief reference to the action of sodium 
methoxide on acetanilide. As this action appeared to us to have an 
important bearing on the constitution of the amides, we have studied 
it more fully, and now bring before the Society the results which we 
have obtained. 

If, to a solution of acetanilide in dry ether, powdered sodium meth- 
oxide is added in molecular proportion, it dissolves ; but after the lapse 
of a few minutes, a voluminous crystalline compound is deposited, 
filling the liquid. This substance has the formula 


C,H;;NH-CO-CH;,CH;-ONa. 


Similar compounds have been prepared with ortho- and para-aceto- 
toluidide and a- and f-acetonaphthalide on the one hand and with 
sodium methoxide and ethoxide on the other. Benzanilide and form- 
anilide form similar compounds. With formylphenylhydrazide, 
however, no additive compounds are formed; but the sodium appears 
to displace the hydrogen in the amido-groups. In the case of benz- 
amide, a fine granular compound is obtained, which appears to be a 
mixture of the alcoholate additive compound with sodium benzamide. 
With propionanilide, butyranilide, diphenylacetamide, and ethyl- 
acetanilide no definite compounds have so far been obtained by this 
method. In the case of propionanilide and butyranilide such com- 
pounds appear to exist in solution ; for if a little ether be added to 
either of these substances, sufficient to dissolve a fraction of the 
whole, the addition of the sodium alcoholate will at once produce a 
clear solution ; on evaporating the ether under diminished pressure, 
nothing separates out until the greater portion of the ether has gone, 
when crystals of the unchanged anilide are deposited. 

Acetanilide Sodium Methylowide, C5H,;NH-CO-CH;,CH;ONa.—1°35 
grams of acetanilide is dissolved in dry ether (complete solution is 
not necessary) and 0°54 gram of finely powdered sodium methoxide 
is added; on shaking, a clear solution is obtained, but very soon a 
pasty magma of needle-shaped crystals forms. The crystals are 
collected, washed with ether, and dried over sulphuric acid in a 
vacuum. The substance forms a white, apparently amorphous mass. 
It gave the following results on analysis. 


H 2 
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I. 0°2455 gave 0°0942 Na,SO,. Na = 12°47, 
II. 0°4359 ,, 0°1695_,, Na = 12°59. 
III. 0°2620 ,, 161lce.c. dry nitrogen at 13°and 770mm. N=7-45, 
IV, 01890 ,, 0372 CO,and 01115 H,O, C = 56:98; H = 6°55. 
C,H,,NaNO, requires Na = 12:17; N = 7:40; C = 57:14; H = 6°35, 
In some of the subsequent determinations, the sodium has been 
estimated by decomposing the compound with water and titrating 
with decinormal oxalic acid, using phenolphthalein as indicator. 
The above compound is quickly decomposed by water and alcohol 
and also by boiling ether and acetone, which dissolve out the acet- 
anilide. It is also decomposed by acid chlorides, forming the methylic 
salt of the acid, sodiam chloride, and acetanilide according to the 
equation 
C,H,NH-CO-CH;,CHsONa + -R’COCI = 
C,H,NH-CO-CH; + NaCl + CH,;-COOR’. 


If acetyl chloride is added to the calculated quantity of the sub- 
stance suspended in ether, methylic acetate, sodium chloride, and 
acetanilide are formed; the latter was identified by decomposing it, with 
potash, into acetic acid and aniline, and by a nitrogen estimation. 


0°1905 gave 17°5 c.e. moist nitrogen at 752 mm. and 16°, N = 10°48. 
C.H,NO requires N = 10°37 per cent. 


Benzoyl chloride acts similarly. From 2 grams of the sodium 
methoxide compound and 1°79 gram of benzoyl chloride, 1 gram of 
methylic benzoate, and 1°29 gram of acetanilide were obtained. On 
heating the compound in a stream of dry hydrogen for four hours to 
100°, methylic alcohol distils together with a little aniline ; the aniline 
was identified by converting it into the platinochloride and analysing it. 


0°294 gave 0°0955 Pt. Pt = 32°48. 
(C.HsNH:.)2,H,PtCl, requires Pt = 32°66 per cent. 


The residue consisted for the most part of sodium acetanilide. 


0°231 gave 15 c.c. moist nitrogen at 759 mm. and 13°. N = 7-65. 
C,H,NNaO requires N = 7°40 per cent. 


Farther, the sodium acetanilide obtained in this way was treated 
with benzoyl chloride, when benzanilide, melting at 160°, is formed. 
The substance was analysed with the following result. 


0°1745 gave 11-3 c.c. moist nitrogen at 21°and 760mm. N = 7°38, 
C,;H,,NO requires N = 7:11 per cent, 


The action of iodine on the sodium methoxide compound suspended 
in ether gives rise to a number of products, among which phenyl- 
carbamine, acetanilide, and iodoform were identified. Ethylic iodide 
yields ethyl methyl ether and acetanilide. 
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The following compounds have been prepared in a manner similar 
to acetanilide sodium methoxide. Where the amide is but slightly 
soluble in ether, the sodium alcoholate has been added to the sub- 
stance suspended in the ether, well shaken, and then filtered or 
decanted. The clear filtrate, on standing, deposits crystals of the 
new compound. 

Acetanilide sodium ethoxride, C,Hs;NH-CO-CH;.C,H;-ONa.—The 
preparation of this compound is identical with that of the sodium 
methoxide compound, and the substance is not distinguishable from 
the latter. 

The following results were obtained on analysis. 


0'283 required 13°9 c.c. decinormal oxalic acid. Na = 11°3 per cent. 
02345 ,, 11°7 ” - Na = 11°4 e 
C,.H,NO,Na requires Na = 11°6 per cent. 
Paracetotoluidide sodium methoxide, CHs;CsHyNH:CO-CH,,CH;ONa. 
Prepared as above from paracetoluidide, gave on analysis. 
0°113 required 5°65 c.c. oxalic acid. Na = 11°74 per cent. 
CyH,,NO,Na requires Na = 11°33 per cent. 
Orthoacetotoluidide sodium methoxide, CH;C,HyNH-CO-CH;,CH,'ONa. 
0°1705 required 7°8 c.c. oxalic acid. Na = 10°52 per cent. 
C,H,NO,Na requires Na = 11°33 per cent. 
a-Acetonaphthalide sodium methoxide, Cy.H,;NH-CO-CH;,CH;:ONa. 
This substance crystallises in brilliant, needle-shaped crystals. 
0°2875 required 11°6 c.c. oxalic acid. Na 9°3 per cent. 

C,;H,,NO.Na requires Na = 9°6 per cent. 

Paracetotoluidide sodium ethoxide, CH;-C;HyNH-CO-CH;,C,.H;'ONa 
0°176 gave 0:0566 Na,SO,. Na = 10°4 per cent. 

01413 required 6°5 c.c. oxalic acid. Na = 10°6 per cent. 
Cy,H,NO,Na requires Na = 10°6 per cent. 
Orthoacetotoluidide sodium ethoxide, CH,-C;HyNH-CO-CH;,C.H;ONa. 

0°1335 gave 0°0440 Na,SO,. Na = 10°6 per cent. 

Ci.H,.NO.Na requires Na = 10°6 per cent. 
a-Acetonaphthalide sodium ethoxide, CH,NH*CO-CH;,C,H;'ONa: 
0°4035 required 15°8 c.c. of oxalic acid. Na = 9:0 per cent. 

C,,H,.NO,Na requires Na = 9°1 per cent. 
B-Acetonaphtalide sodium ethoxide, C\)H;;NH-CO-CH,,C.H;ONa. 
0346 gave 0°1 Na,SO,. Na = 9°3 per cent. 

C,H,.NO,Na requires Na = 9°1 per cent. 
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Benzanilide sodium ethoxide, C;H;;-NH°CO-C,H;,C,H;-ONa. 


0°3040 required 12°1 c.c. oxalic acid. Na = 9:1 per cent. 
C,;H,,NO,Na requires Na = 8°7 per cent. 


Formanilide sodium ethowide,(C;,H;NH*COH),,C,H;-ONa.—If sodium 
metboxide in molecular proportion is added to formanilide dissolved 
in ether, crystalline nodules of the new compound are deposited on 
the sides of the flask and the contents eventually become nearly 
solid. The same thing occurs with sodium ethoxide. 

The following are the results of two analyses of the sodium 
ethoxide compound. 


0°398 required 13:1 c.c. oxalic acid. Na = 7°8 per cent. 
0:296 = 9°6 ” ct N-=75 a 
C.H;"NH-COH,C,H,ONa requires Na = 122 per cent. 
(C,H; NH-COH),,C,H;ONa ,, Na= 74 ,; 


From this it would appear that in the case of formanilide, 2 mols. 
combine with 1 mol. of the aleoholate. This might take place in the 
C,H; NN a‘CH-OH 

C.H,;-N°-CH (OH):-0C,H; 


following way, 


Action of Sodiwm Ethoxide on Benzamide. 


In this case, a fine granular precipitate is obtained, which appa- 
rently has a constant composition, but this does not correspond 
with that of any definite compound. It might be a mixture of 
equal quantities of the additive compound and sodium benzamide. 
The action is evidently of a different order from that previously 
described. 

Three different preparations gave the following results. 


I, 0°196 required 12 c.c. oxalic acid; Na = 14:1 per cent. 
Ii, 0°178 , Illes. " Na=143 ,, 
IIT. 0:1945 , 12 ,, “ Na = 142 - 
C.HsCO-NH,,C,HsONa requires Na = 12-1 per cent. 
C,H;;CO-NHNa requires Na = 16:1 per cent. 


Action of Sodium Ethoxide and Sodiwm Methowide on Diphenyl- 
acetamide. 


Diphenylacetamide dissolves readily in ether, but on the addition 
of the alcoholate very little of the latter appears to pass into solu- 
tion; the clear filtrate gives only a slight, flocculent deposit on 
standing, and on evaporation in a vacuum, unchanged diphenyl- 
acetamide separates. 
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Action of Sodium Ethoxide and Methoxide on Ethylacetanilide. 


The same result was obtained as in the case of diphenylacetamide. 
On the addition of sodium methoxide to the ethereal solution of the 
amide, none of the alcoholate appeared to dissolve. Sodium ethoxide 

was rather more soluble ; but in neither case did the ethereal solu- 
tion, on standing or on evaporation, give any indication of a crystal- 
line additive compound. 


Action of Sddium Ethoxide on Formylphenylhydrazide. 


On adding sodium ethoxide to formylphenylhydrazide a yellow 
solution is obtained, from which an orange-yellow compound is 
deposited ; in the dry state this is of a light ochre colour. 


0°0788 gave 0:0622 of Na,SO,; Na = 25°6 per cent. 
C,H,N,ONa. = 25°5 per cent. 


Apparently, this substance has the formula C,H;-NNa*NNa:COH. 

The formation of additive compounds of the acetyl derivatives of 
aniline, the toluidines, and naphthylamines with sodium methoxide 
and ethoxide would indicate the presence of an unsaggrated group 
in these amides. 

Claisen has shown that such additive compounds are formed in 
the case of the ethereal salts, and that numerous condensations of 


ng 
these salts with compounds containing the group CH,°CO occur in 
this manner according to the following equations. 


O Jona 
—CZ + Na0C.H, = —CCOC.H,; 
‘OR NOR 
ONa | | ONa 
—CL0C,H; +'CHyCO = —C¢ + C,HyOH + R-OH. 
NOR ‘o—go 3 


Applying this idea to the acetyl derivatives we may have the 
addition of the sodium alcoholate taking place in one of the following 
ways. 


Formula I. 
R'‘NH-C:0 + Na-OC,H, = RNH-C <ONe. fe 
CH, OH, 
Formula IT. 
BY  +Ne00,H,= PHN 


| 
CH,-C-OH CH O< prs 
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The second formula is the one which appears to us to agree best 
with the properties of the substance. We have shown that alcohol 
is given off from the additive compound of acetanilide with sodium 
methoxide on heating, and that sodium acetanilide is formed. 

‘This reaction is confirmed by the experiments of Seifert (Ber., 
1885, 18, 1358), who prepared sodium acetanilide by evaporating to 
dryness an alcoholic solution of sodium ethoxide and acetanilide. 
Moreover, there is no doubt, considering the formation of alkyl- 
anilides by the action of alkylic iodides on sodium acetanilide, that the 
sodium atom is attached to the nitrogen atom. The formation of 
this sodium compound from acetanilide, sodium methoxide, by heat- 
ing it, would be difficult to explain by the first formula. This being 
the case, it would appear probable that acetanilide itself has the 
formula C,Hs-N:C(OH)-CHs. 

The fact that diphenylacetamide“and ethylacetanilide do not appear 
to form analogous compounds is then easily explained, for these two 
compounds contain no replaceable hydrogen; and cannot therefore 


form a hydroxyl group. 


We do not, of course, lose sight of the possibility of a tautomeric 
change taking place at the moment of formation of these addition 
compounds, fpr, as Claisen has pointed out, questions of tautomerism 
cannot be satisfactorily decided where chemical chan ges are involved. 
An attempt to solve the problem by the electrical conductivity of the 
acid amides, kindly undertaken for us by Dr. Ewan, is described by 
him in another communication. 


X.—Note on the Electrolytic Conductivity of Form- 


anilide and Thioformanilide. 
By Tuomas Ewan, B.Sc., Ph.D. 


Ir was thought possible that the electrolytic conductivity of the 
aqueous solutions of the amides might throw some light on their 
structure, and at Dr. Cohen’s request I examined some of them from 
this point of view. The majority, however, are‘too sparingly soluble 
in water to allow of measurements being made, whilst others are de- 
composed by the water too rapidly. The following numbers were 
obtained with formanilide. The measurements were made at 25°, 
and as rapidly as possible, as the conductivity increased on standing. 
# is the molecular conductivity in reciprocal Siemen’s units, ~, and p, 
refer to two different samples of formanilide which were examined. 


k= _ lo)" 
(1 — p/p, )v 


OF FORMANILIDE AND THIOFORMANILIDE, 


Concentration 
(litres containing 
1 gram mol.) v. My Meanp. & x 10”, 


Pas 
10 0-026 0027 0:0265 5°6 
20 0-031 0034 0°0325 42 
40 0040 0046 0:0430 3°7 
80 0058 0068  0:0630 3°9 
160 _ 0°101 0°101 51 
Ht = 355 (approximately). 


A comparison of the value of & above found with its value for 
acetic avid (180000 x 10-") shows that formanilide possesses only 
extremely feeble acid properties, and it is not surprising that its 
sodium salt is, as is shown by the following experiment, decomposed 
in aqueous solution almost completely into caustic soda and form- 
anilide. 

2 c.c. water and 20 c.c. N/100 NaOH solution were mixed ; con- 
ductivity of the mixture = 0°0169. 

2 c.c. N/10 formanilide solution and 20 c.c. N/100 NaOH mixed; 
conductivity of the mixture = 0°0167. 

A considerable decrease in the conductivity would have occurred if 
any appreciable quantity of salt had been formed. 

Thioformanilide, C,H;;NH-CSH, is very slightly soluble in water 
(the strongest solution obtainable was N/400), and it decomposes 
rather rapidly into phenylcarbamine and sulphuretted hydrogen. Its 
sodium salt appears to exist in aqueous solution. 

00685 gram of thioformanilide was dissolved in 4 c.c. of 51N/100 
NaOH, and the solution made up to 102 c.c. (= N/50). The molecular 
conductivity of this solution was 180°0 at 25°; the molecular con- 
ductivity of N/50 NaOH at 25° = 217°8. The quantity of thioform- 
anilide taken was equivalent to one quarter of the caustic soda, so 
that, assuming that the whole of the thioformanilide was converted 
into sodium salt, and that both it and the caustic soda are completely 
dissociated in N/50 solution, the conductivity of the solution may be 
caleulated as follows. 


= pya + Fun + deic,N8) 
= 49 + ¥.170 + 3.35 = 185, 


The salt decomposes in the same way as the free thioformanilide. 
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XI.—-On certain Phenylthiocarbamates. 
By H. Luoyp Snape, D.Sc., Ph.D. 


In a paper (Trans., 1885, 47, 778) published in this Journal some 
years ago, I described the action of phenydlic cyanate on phenylic 
mercaptan, a phenylic salt of phenylthiocarbamic acid, having the 
formula O,HsS-CO-NH:’C,H; being formed; and I pointed out that 
an isomeride in which the oxygen and sulphur atoms had exchanged 
positions might be expected to be obtained by the action of phenyl- 
thiocarbimide on phenol. That experiment, and also the action of 
the same thiocarbimide on phenols, I had proposed to investigate, 
but, unfortunately, it bas been impossible for me to do this until 
recently. Meanwhile, the reaction with phenol itself has been inves- 
tigated by Professor A. E. Dixon (Trans., 1890, 57, 268) ; but, as 
this had escaped my attention until my experiments had been com- 
pleted, and I liad obtained a purer product and a better yield, a few 
notes on my own examination of this reaction may be advantageously 
added. . 


Phenylthiocarbimide and Phenol. 


These two substances were heated, in molecular proportion, in a 
sealed tube at temperatures varying from 100° to 280°, and for 
periods varying from 2 to 67 hours; contrary to Dixon’s experience, 
I found that the higher the temperature, provided it was not allowed 
to rise much above 270°, and the longer the time during which these 
substances were heated together, the better was the yield of the thio- 
carbamate; the temperature should not be allowed to rise above 280°, 
as decomposition then sets in, and the product is a nearly black mass, 
from which it is difficult to separate the required crystals. 

I obtained the best yield after heating the mixture for nearly three 
days, the temperature for the greater part of the time varying from 
250° to 280°. The product, a viscous, brown liquid, when allowed to 
stand in the cold, gradually deposited crystals, until, in from three to 
four days, the whole appeared to have become solid. The yield, 
under the above circumstances, after washing, pressing, and drying 
(as described by Dixon), amounted to nearly 25 per cent. of the theo- 
retical; Dixon, working at a lower temperature and heating for a 
shorter time, obtained only 7 per cent. These crystals were nearly 
pure, and were readily obtained in perfectly pure condition by crys- 
tallisation from absolute alcohol, as well formed, highly lustrous, 
pale yellow leaves or needles, which melted sharply at 148° (Dixon 
found the melting point to be between 149° and 151°). The substance 
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could also be crystallised from glacial or diluted acetic acid, but was 
insoluble in ether and light petroleum, 
A determination of sulphur, by Carius’ method, gave the following 
result. 
0°126 yielded 0129 BaSO,. S = 1403 (Dixon found 13°48). 
C,sH,.NSO requires S = 13°97 per cent. 


The other properties described by Dixon for the phenyl salt of 
y-phenylthiocarbamic acid were confirmed. 

So much difficulty having been experienced in effecting combina- 
tion between phenylthiocarbimide and phenol, it was to be anticipated 
that an action between the former substance and more complex 
phenols would not readily occur, and, actually, I found it impossible 
to effect a combination between the above-named thiocarbimide and 
either resorcinol or quinol. I also tried the effect of heating phenyl- 
thiocarbimide with glycol, but again without effecting direct com- 
bination. The experiments are briefly summarised below. 


Phenylthiocarbimide and Resorcinol. 

These two substances were heated together in a sealed tube, in 
the proportion of twice the molecular weight of the former to once 
that of the latter; after two hours at 100° to 150°, no change was 
observable, and, even after heating for another hour at 180°, the 
resorcinol crystallised out on cooling, and the thiocarbimide had 
acquired a slightly darker colour. On heating for a further period 
of 23 hours at 175—180°, a beautiful, blood-red liquid was obtained, 
from which crystals of resorcinol separated on cooling; the red oil 
smelt strongly of the thiocarbimide, did not solidify on further 
cooling, was insoluble in water, readily dissolved in alcohol, glacial 
acetic acid, and benzene, but at once separated again as an oil on 
evaporating these solutions. 

The oil appeared to be the product of a partial decomposition of 
the thiocarbimide, and I could not find any trace of the formation of 
a thiocarbamate. 

Phenylthiocarbimide and Quinol. 

The results obtained on examining the behaviour of this pair of 
substances, when heated together, were similar; up to 180°, very 
little change was observed. After heating for 15 hours at 200°, 
crystals of quinol separated unaltered, but the thiocarbimide had 
again sustained some decomposition, the colour having distinctly 
deepened, and at 220° a black mass was obtained, but no thiocarb- 
amate. I next endeavoured to effect a reaction between these two 
substances by heating them together first in benzene solution and 
then in glacial acetic acid solution. The decomposition of the thio- 
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carbimide, as was to be anticipated, did not take place at as low a 
temperature as before, but again there was no indication of combina- 
tion occurring between the two substances. 


Phenylthiocarbimide and Glycol. 


On heating these two substances together for four hours at 265°, 
a few minute crystals separated, but I could not succeed in obtaining 
a sufficient quantity for examination, and longer heating only resulted 
in effecting decomposition, the entire liquid acquiring a deep, 
brownish-black colour. From this oil I failed to isolate any crystal- 
lisable substance ; it dissolved in alcohol, ether, glacial acetic acid, 
and benzene, but, on evaporating these solutions, only oily drops, 
consisting of the original materials employed, together with decom- 
position products, were obtained. 

Having thus failed to effect combination between phenylthiocarb- 
imide and dihydroxy-compounds, I next endeavoured to prepare the 
isomerides of the thiocarbamates I had hoped in this way to obtain, 


by the action of phenylic cyanate on the corresponding thiophenols, © 


and I completely succeeded, both in the case of dithioresorcinol and 
of dithioquinol. 

These thiophenols J prepared by the method described by Koerner 
and Monselise (Gazzetta, 1876, 6, 133—142), and found no difficulty 
in obtaining them in a state of purity, possessing the exact melting 
points given in the paper by the above-named chemists. In the 
necessary previous preparation of the respective calcium salts of 
meta- and para-benzenedisulphonic acids, I noted, however, an error 
in Watts’s Dictionary (1, 458), which may possibly mislead others. 
It is there stated that, in separating these calcium salts by crystal- 
lisation, the meta-salt separates first, whereas the reverse is the case. 
I was unable to refer to the original papers, and, though it seemed 
unlikely that only the calcium salt of the meta-acid should be less 
soluble than that of the para-acid, I was only able to determine this 
with certainty by the later preparation of the sulphonic chlorides. 


Metaphenylene Phenylthiocarbamate. 


Phenylic cyanate and dithioresorcinol, in the theoretical propor- 
tions, were heated in a sealed tube by means of a water bath contain- 
ing a solution of common salt; after about half an hour, crystals 
commenced to separate, and, a few minutes later, the whole solidified 
to a crystalline mass. This was washed with cold absolute alcohol, 
to remove any excess of phenylic cyanate, the crystals themselves 
being almost insoluble in this solvent ;. they were also insoluble in 
water, but were dissolved by ether and also by glacial acetic acid, 
and could readily be recrystallised from these liquids. From glacial 


SNAPE ON CERTAIN PHENYLTHIOCARBAMATES, 101 


acetic acid, the thiocarbamate separated in the largest crystals, these 
consisting of white needles, as much as 1 cm. in length, which 
gradually grew in the solution in beautiful tufts. They melted at 
178—179°, and below that temperature were stable; at a higher 
temperature, however, the substance decomposed with energetic 
evolution of hydrogen sulphide and other gases possessing an un- 
pleasant odour; but the sulphur was not removed by merely heating 
some of the crystals in a test-tube with an alkaline solution of lead 
hydroxide. On heating the crystals with fuming nitric acid, a very 
fine, wine-red solution was obtained. 

An estimation of sulphur, by Carius’ method, gave the following 
result. 


0°112 gave 0°138 BaSO,. S = 16°92. 
C»H,.N,0.8, requires S = 16°84 per cent. 


The reaction which had occurred is therefore represented by the 
equation 


C.H,(SH), + 2C,H;NCO = C,H,(S:CO-NH-C,H;):. 
Paraphenylene Phenylthiocarbamate. 


Phenylic cyanate and dithioquinol likewise readily enter into com- 
bination, even at the temperature of a water bath. It is not even 
necessary that they should be heated in a sealed tube, but it is better 
to. do so, if only to protect the phenylic cyanate from the air, and 
thus to prevent the formation of carbanilide. The crystals formed 
were at first pale yellow, but, after repeated recrystallisation from 
boiling acetic acid, they were obtained as small, pure white needles ; 
the individual form of these was scarcely observable by the naked 
eye, but they tended to group themselves in tree-like aggregates. 
They were soluble also in ether, but in neither solvent was this 
substance so soluble as the meta-isomeride, nor did it yield large 
crystals so readily ; it was insoluble in water, and scarcely soluble in 
cold alcohol, but dissolved in boiling aniline. The crystals melted at 
200—202°. The behaviour of the substance when heated to a higher 
temperature, and also on heating with nitric acid and with an alkaline 
solution of lead hydroxide, respectively, was similar to that of the 
meta-compound. ; 

A determination of sulphur, by Carius’ method, gave the following 
result. 

0:1 gave 0:123 BaSO,. S = 16°89 per cent., 
which closely corresponds to the percentage (see preceding) theo- 
retically required. 


University College of Wales, 
Aberystwyth. 
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XII.—Periodides of Theobromine. 


By Groxce Exuiorr Saw. 


ApparENntTLY the only periodide of theobromine hitherto known is that 
described by Jérgensen (Ber., 1869, 2, 463), who prepared it by 
mixing a solution of theobromine in strong hydrochloric acid with 
potassium iodide and allowing it to stand. It crystallises in nearly 
black prisms, having the formula (C;H,N,O,,HI).,I,. When attempt- 
ing to prepare the compound by this method, however, it was found 
that the nature of the product depended on the relative quantities of 
hydrochloric and hydriodic acids present; moreover, it is preferable 
to add hydriodic acid rather than to use potassium iodide, so as to 
avoid the crystallisation of potassium chloride. With hydrochloric 
acid in large excess, thin plates were obtained, nearly black by re- 
flected light, but pale brown by transmitted light, and giving a red 
powder. They contained chlorine as well as iodine. Analyses were 
made of two different crystallisations. 


I. 0°3288 gave 0°3600 AgI + AgCl. 0°3505 of this gave 0°2369 AgCl. 
Corresponding to I = 45°00 and Cl = 6°51. . 
II. 0°1808 gave 0°1994 AgI + AgCl. 0°1860 of this gave 0°1259 AgCl. 
Corresponding to I = 44°87 and Cl = 6°73. 


These numbers agree with the formula (3C;H,N,O,,2HC1,HI),,[,. 


Found. 
(ater 
Calculated. I. II. 
| new cces 45°18 45°00 4487 per cent. 
+. Pe 6°32 6°51 6°73 - 


With a smaller proportion of hydrochloric acid, auuther compound 
is obtained in rhomboidal prisms, nearly opaque and black, but trans- 
mitting a little ruby light, It also gives a red powder. 

,0°3342 required 8°53 c.c. N/10Na,S,0; solution, equivalent to 32°30 
per cent. ‘‘ exterior iodine,” using this term, as applied by Tilden, for 
the loosely combined iodine. 

The analytical results correspond with the formula 


2C,H,N,O,HCI,HI,I.. 
Found. 
ah ciheamteaa 
Calculated. I. II. | 
Exterior iodine ..... 32°57 32°36 32°30 
Todine as HI....... 16°28 16°25 — : 
TE cadcecacess 4°55 4°50 — 


By using enough hydriodic acid, long, greenish-black needles 


es 
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separate, containing no chlorine and giving a green powder; the 
same substance was deposited from the mother liquors from which 
the previous compound had crystallised out. 

Analysis proved it to be the compound described by Jérgensen, 
(C;H,N,0,,HT).,I.. 


Calculated. Found. 
Total iodine...... 73°65 73°68 
Exterior iodine.... 55°24 55°07 


This periodide is easily obtained as a dark green powder by simply 
adding excess of iodine dissolved in potassium iodide solution or 
hydriodic acid to a solution of theobromine hydrochloride ; the pre- 
cipitate cannot be washed, however, as it is immediately decomposed 
by water, alcohol, or ether, but the strength of the solutions used 
does not affect the composition of the precipitate. After draining 
well on the filter pump, the greater part of the remaining iodine and 
hydriodic acid can be removed by allowing it to remain over potash 
or by exposure to air; the compound begins to decompose, however, 
before the free iodine has completely disappeared. 57°94 and 57:47 
per cent. exterior iodine and 75°97 per cent. total iodine were obtained 
from specimens just beginning to show signs of decomposition, 
instead of 55°24 and 73°65 per cent. 

In some experiments, a mixture of these compounds was obtained, 
and was recrystallised from weak alcohol containing hydriodic acid 
and iodine, the last two being used to prevent formation of free 
theobromine. The acidity of the solution was about 3°5/N and the 
iodine about N/5. Hydrated crystals were deposited containing no 
chlorine. Two crops were analysed, and the numbers obtained corre- 
sponded with the formula (C;H,N,O,,HI).,1,,2H,0. 


Found. 
; Calculated. Tide ID. 
Exterior iodine..... 43°74 43°28 43°24 
Todine as HI ....... 21°87 21°47 21°82 
I sieht cts irte tots tit 3°11 — 3°38 


This compound is homologous with a caffeine periodide, 
C,H,N,O2,HI,1,,H,0, 

obtained by Tilden (Chem. Soc. J., 1865, 18,99). The two compounds 
containing chlorine form the intermediate terms of a series, of which 
(3C,H,N,0,,3HC1),, I, and (3C,H,N,0,,3HT1).,I, would be the extremes. 

In the hope of obtaining the latter compound, theobromine was 
dissolved in a saturated solution of hydriodic acid; green needles 
gradually separated on exposure to the air, but they contained more 
iodine than the desired compound. 
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(C,H,N,O0;,H1),,I, requires a little more exterior iodine, which, 
perhaps, was lost on drying. 


Calculated for Calculated for 
(3C;H,N,0.,3H I) Paes (C;HgN,0,,H1I),,T,. Found. 
Exterior iodine... 29°14 38°16 37°30 
Iodine as HI..... 29°14 25°44 25°30 


This is just half the amount of exterior iodine present in Jérgen- 
sen’s compound. Perhaps the relationship of these compounds is 
best shown by the amount of iodine and water attached to 2 mols. of 
the normal halogen salt, (C;H,N,O.,,HX),. 

1. Those containing hydrochloride have.... I. 
2. That from strong hydriodic acid has .... Is. 
3. The hydrated crystals have .......2++++ I, + 2H,0. 
4, Jérgensen’s compound has.e.cecseccceee Io. 

In conclusion, I must thank Messrs. Howards and Sons, of Strat- 
ford, in whose laboratories this work was carried out, for the full 
facilities so kindly given. 


XITI.— Ethereal Salts of Active and Inactive Monoben- 
zoyl-, Dibenzoyl-, Diphenacetyl- and Dipropionyl- 
glyceric acids. 

By Percy Frankianv, Ph.D., B.Sc., F.R.S., and Joun 
MacGregor, M.A. 


In pursuing our investigations on the relationship between chemical 
constitution and optical activity, we have prepared a number of 
derivatives of active glyceric acid (dextrorotatory) in which the 
carboxylic hydrogen is replaced by positive radicles, whilst the 
hydroxylic hydrogen atoms (either one or both) are replaced by the 
acid radicles benzoyl and phenacetyl. It will be remembered that 
we have already (Trans., 1893, 63, 511, 1410, 1419, and 1894, 65, 
750) prepared a number, not only of the ethereal salts of active 
glyceric acid itself, but also of active diacetylglyceric acid, the com- 
pounds under consideration in the present communication being 
intended to throw further light on the influence exerted on the rota- 
tion by making these substitutions in the molecule. 


Methylic Dibenzoylglycerate (Active). 


This was prepared by running active methylic glycerate from a 
dropping funnel into twice the. calculated quantity of benzoyl 
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chloride, contained in a flask heated at 120° and finally to 180° by 
means of an oil bath; a vigorous action takes place, hydrogen 
chloride being given off. The excess of benzoyl chloride was 
distilled off under reduced pressure, and the residue then frac- 
tionated under diminished pressure; this was attended with some 
difficulty in consequence of the solidification of the distillate in the 
lateral tube of the distilling flask. A large part of the liquid passes 
over at 245—247°. After some hours, the distillate crystallised in 
tufts of long, flat needles radiating from centres; these crystals are 
easily soluble in chloroform, acetone, and benzene, soluble also, 
especially on warming, in methylated spirit, from which recrystal- 
lisation can most advantageously be effected, the long, radiating 
needles having the appearance of thistle-down. The crystals melt at 
58—59°. 

The crystalline substance was submitted to hydrolysis with 
alcoholic caustic potash with the following results. 


I. 12500 gram required 0°6449 gram KOH for hydrolysis. 


II. 11032 ,  ,, 05706 - ‘o 
I. II. 
100 parts by weight of substance required 
KOH for hydrolysis .............-++- 51°59 51°73 


100 parts by weight of methylic monobenzoylglycerate, CuH20s, 
require 50°00 parts KOH. 

100 parts by weight of methylic dibenzoylglycerate, C,,H,,.0,, 
require 51-22 parts KOH. 

On combustion the following results were obtained. 


0°2093 gave 0°5044 CO, and 0°0927 H,0. 
Calculated for methylic Calculated for methylic 


Found. dibenzoylglycerate. monobenzoylglycerate. 
Carbon.... 65°72 65°85 58°93 per cent. 
Hydrogen., 492 4°88 5°35 - 


Thus, both hydrolysis and combustion clearly show that the sub- 
stance is pure methylic dibenzoyl and not monobenzoylglycerate. 

Owing to the high melting point of this substance, the rotation had 
to be determined at higher temperatures in a state of fusion, and the 
rotation for ordinary temperatures deduced by extrapolation. 

The density, compared with water at 4°, was determined at 65° and 
99° respectively. 

d 65°/4°  1:1836. d 99°/4° 1:1581. 

from which it appears that the diminution in density proceeds by 
0:00075 for 1° rise in temperature. 
VOL. LXIX. 
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The substance was submitted to polarimetric examination at the 
following temperatures in a tube 44 mm. long, placed in an air 
chamber surrounded by a water jacket. 


Observed rotation. Density compared. 
Temp. ap in 44 mm. tube. with water at 4°. [a]p. 
BOF. ovs60 +10°26° 1:1720 +19°89° 
i Pee 10°51 11746 20°33 
780 2.000 10°67 11769 20°60 
TUS 60 tees 10°79 11787 20°80 
67°0 ...-. ‘ 11°10 11821 21°33 
og ee 11°30 11847 21°67 
SOS o0000 11°57 11877 22°13 


On plotting out the above figures on a diagram (see p. 122) in 
which the specific rotations are represented by ordinates and the 
temperatures of observation as abscisse, it is found that the observed 
specific rotations lie almost exactly on a straight line, from which by 
extrapolation the value for the specific rotation at 15° can be obtained 
as [a]p = +26°89°. This value may therefore serve for purposes of 
comparison with active compounds which have had their rotation 
determined at that temperature. 


Methylic Dibenzoylglycerate (Inactive). 


This was prepared in substantially the same way as the active 
compound above. The solutions in methylated spirit exhibited less 
tendency to crystallise than similar solutions of the active compound, 
but ultimately very similar crystals, long needles 1 inch in length 
and radiating from centres, were obtained; these melted at 44—46°, 
or about 14° below those of the active compound. 

The following results were obtained on combustion. 


02483 gave 0°5978 CO, and 0'1093 H,0. C = 65°66; H = 4°89. 
Methylic dibenzoylglycerate, C,sH:.O., requires C = 65°85; H = 4°88 
per cent. 


The crystals are soluble in the same solvents as those of the 
active compound. 

The molecular weight of this compound, as determined by the 
cryoscopic method, has been ascertained in benzene, nitrobenzene, 
ethylene dibromide, and acetic acid solutions (see next paper, p. 123). 
In these solutions, there is no evidence of the existence of the double 
molecules corresponding to a racemate, the cryoscopic values for the 
molecular weight being essentially similar to those obtained for the 
active methylic dibenzoylglycerate. 
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Ethylic Dibenzoylglycerate (Active). 


This was prepared in the same way as the corresponding methylic 
compound, by running the active ethylic glycerate into an excess of 
benzoyl chloride heated to 149—175°. On subsequent fractionation, 
the greater part distilled over under diminished pressure at 240 —260°, 
and eventually the true boiling point was found to lie between 
254° and 258° under about 10 mm. pressure, 


0:2498 gave 0°6096 CO, and 0'1185 H,O. C = 6656; H = 5°27. 
Ci9HigO¢ requires C = 66°67; H = 5°26 per cent. 


During the severe weather of the last winter this liquid began to 
erystallise, and by means of these crystals it was found possible to 
start its crystallisation in strong alcoholic solution. 

A further quantity of this active ethylic dibenzoylglycerate was 
subsequently prepared with the object of obtaining it, if possible, 
without distillation. The excess of benzoyl chloride was removed by 
distillation under diminished pressure, and the residue in the flask 
was dissolved out with alcohol, but the alcoholic solution could not 
be brought to crystallise even on sowing with some crystals of the 
previous preparation. The alcohol was, therefore, distilled off, and 
the residue, after being washed with a solution of sodium carbonate 
to remove any benzoic acid that might have been formed from the 
benzoyl chloride, was dissolved in ether and washed with water. 
The ethereal solution was evaporated, and the residue placed in a 
vacuum desiccator, a crystal of the previous preparation being 
added; crystallisation could, however, not be induced. This undis- 
tilled product was also submitted to combustion and to polarimetric 
examination in benzene solution; these determinations, however, 
showed that it was of inferior purity and inferior rotatory power to 
the preparation obtained by distillation. The product was therefore 
distilled under diminished pressure, and in the distillate crystallisa- 
tion was induced by sowing with a crystal from the previous pre- 
paration. The crystals, which are needles radiating from centres, 
melt at 25°; they are much more soluble in alcohol than the cor- 
responding methyl compound. 


0'2522 gave 0°6144 CO, and 0°1192 H,0. C = 66°44; H = 5°25. 
Ci9HigO, requires C = 66°67 ; H = 5°26 per cent. 


The optical activity of this crystalline specimen was determined in 
benzene solution, and found to be the same as that exhibited by the 
benzene solution of the first preparation, which had at the time only 
been obtained in the liquid state. 

Thus, the liquid ethylic dibenzoyiglycerate obtained in the first 
preparation by distillation alone, and that obtained in the second 

12 
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preparation by distillation and subsequent crystallisation were of 
equal purity, as determined both by combustion and by polarimetric 
observation. 

The density, compared with water at 4°, was determined at 60° 
and 98°5° respectively. 

ad 15°/4° 1:2010. d@60°/4° 1:1596. 4 985°/4° 1°1282. 

The substance was submitted to polarimetric examination at the 

following temperatures. 


Observed rotation. Density compared 
Temp. ap in 44 mm. tube. with water at 4°. [a]p. 
BO cecese +10°02° 11407 +19°95° 
ne 11°49 11596 22°52 
ge 12°11 11693 23°53 
BPO .. eve 13°65 11946 25°96 
4g See Te 13°87 11996 26°28 


On plotting the above figures on a diagram (see p. 122), it is found 
that the specific rotations for the temperatures from 83° to 49°5° lie 
almost exactly on a straight line, whilst the line joining the values for 
the lower temperatures exhibits a very slight but distinct droop. 
Thus, if the value of the specific rotation for 16°5° be calculated 
from the change in rotation between the higher temperatures of 
observation, the following values are obtained. 

Value of [a]p at 16°5°, calculated from specific rotations observed at 


Temperatures. 
» hall och SEER TEE EL 83—60:0° 
PETS 2.00 00505 83—49°5 
$9050 2000 ccvtes 83—22°0 


which values depart, therefore, but slightly from the actually observed 
value for 16°5°, which was found to be [a]p = +26°28°. 

On further extrapolating the value of [a]p for 15° from the values 
actually obtained for 22° and 16°5°, the result is 

[a]p = +26°37° for 15°. 

which is only 0°5° inferior to the specific rotation calculated for the 
methylic compound at the same temperature. In thus extrapola- 
ting, it is difficult to know which part of the line to calculate 
from; thus, in the above we have taken as the basis of calcula- 
tion the variation in rotation between 22° and 16°5°, a range of tem- 
perature which is wholly below the melting point of the compound, 
nameiy, 25°. A more rational mode of extrapolation would appear 
to be to calculate from ranges of temperature which bear the same 
relationship to the melting points of the two compounds. Thus, the 
methylic compound melts at 59°, and the ethylic at 25°; we should, 


— =k jf eee 
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therefore, calculate in the case of the former from the variation in 
observed specific rotation between 80°5° and 59°5°, whilst in the case 
of the ethylic salt from the variation between 49°5° and 22°. Caleu- 
lating in this way, the values become 

[a]p for 15°. 
Methylic dibenzoylglycerate ....... +26°89 
Ethylic ‘. sooeses «OO 


In consequence of the very slight difference between the specific 
rotations of methylic and ethylic dibenzoylglycerates at the tem- 
peratures referred to above, we thought it desirable to ascertain their 
rotations at a much higher temperature, and for this purpose we passed 
a current of aniJine vapour through the jacket chamber surrounding 
the internal metal tube in which the glass polarimeter tube is placed. 
In this way, a constant temperature of 183° was obtained in the in- 
ternal tube, but as at this temperature it would have been impossible 
to use the india-rubber rings, with which we ordinarily bring a gentle 
pressure to bear on the glass discs closing the ends of the polarimeter 
tube, we employed instead small spiral springs of copper wire, which 
answered the purpose admirably. 

The following results were obtained— 


Methylic dibenzoylglycerate. Ethylic dibenzoylglycerate. 
ap = +412°. 1 44mm. ap = +402°. 1 44mm. 
d 183°/4°  1°0951. d 183°/4° 1:0599. 
4°12 . 4°02 
= = 55°. = = 62°. 
lal> = T0951 x 04a ~ t8%. [*l = ros x om = +88 
v J 


at 183°. 

The specific rotations of these compounds at this high temperature 
may also be arrived at by extrapolation from the observations made 
at lower temperatures, and these calculated values are in both cases 
most remarkably concordant with the above experimental results ; 
thus, the extrapolated values are for 183° 


Methylic dibenzoylglycerate.... [a%]p = +9°01° 
Ethylic oe oe eONe 


In order to ascertain whether exposure to this high temperature 
had permanently altered the rotatory power of these compounds, the 
rotations were again taken in the same specimens at one of the lower 
temperatures at which they had been previously determined, with the 
result that precisely the original figures were obtained. 

We have thus shown that the rotation of these two compounds is 
exceedingly sensitive to temperature, [a |p at 15° being in each case 
three times as great as it is at 183°. (See also diagram, p. 122). 


| 
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Propylic Dibenzoylglycerate (Active). 


This was prepared on the same lines as the corresponding methylic 
and ethylic compounds. The active propylic glycerate was run into 
twice the calculated quantity of benzoyl chloride at 140°, and the 
mixture then raised to 180°. After removing the excess of benzoy! 
chloride by distillation, much difficulty was experienced in distilling 
the residue at a low pressure, in consequence of violent bumping, 
nor was this tendency to bump removed by dissolving the ethereal 
salt in ether and then washing with a solution of sodium carbonate. 
Ultimately, after repeated fractionation, the main distiliate passed 
over between 267° and 269°. 

This product, on combustion, yielded the following results. 


I. 0°2436 gave 05992 CO, and 0°1221 H,O. C = 67:09; H = 5°57. 
II. 0°2341 ,, 05769 ,, ,, O1191 ,, COC = 67:21; H = 5°65. 
CHO, requires C = 67°42; H = 5°62 per cent. 

The density, compared with water at 4°, was determined at 15°, 
25°, 60°, and 98°5°, 
d 15°/4° 11807; d 60°0°/4°  1°1399 ; 
d 25°/4° 1:1727; d 98°5°/4° 11079. 
from which it appears that the diminution in density proceeds by 
000080 for 1° rise in temperature between 15° and 25°, by 0:00094. 
for 1° between 25° and 60°, and by 0°00083 for 1° between 60° and 
98°5°. 
The substance was submitted to polarimetric examination at the 
following temperatures in a tube 44 mm. long, placed in an air 
chamber surrounded by a water jacket. 


Observed rotation Density compared 

Temp. ap in 44 min. tube. with water at 4°. [a]p. 
Fe ennes +10°73° 11771 +20°71° 
340 ..... 10°10 11642 19°71 
a 9°96 1:1605 19°50 
ne 9°53 11511 18°81 
560 ..... 9°10 11436 18°08 
7 er 8°47 1°1331 16°99 
4s eee 8°02 1°1250 16°20 
BID. ives 7°54 11175 15°34 


These figures have been plotted on a diagram (see p. 122), from 
which it appears again that the line joining the specific rotations 
taken at the higher temperatures is almost straight, but that it drops 
slightly with the lower temperatures. 

In extrapolating the value of [a]p for 15°, we have no melting 
point to take into consideration, as we have only had to deal with 
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this substance in the liquid state; we may therefore reasonably cal- 
culate from the variation in specific rotation observed between 38° 
and 19°5°, from which results the value 
[a]p = +21°00 for 15°. 
The rotation of the propylic is thus markedly inferior to that of 
either the methylic or ethylic compounds. 


Methylic Diphenylacetylglycerate (Active). 


The method of preparation was similar to that employed in the 
case of the other ethereal salts described above. The active methylic 
glycerate was run into a large excess of the phenylacetyl chloride ; 
the action appeared to commence at 80°, becoming more vigorous at 
105° ; the temperature was finally raised to 160°. After the excess 
of phenylacetyl chloride had been removed by distillation under 
diminished pressure, the residue was washed with a warm solution 
of sodium carbonate, extracted with ether, separated, and the ethereal 
solution washed with water. The ether was then removed by distil- 
lation, and the residual liquid fractionated at low pressure, the main 
distillate being obtained at 265—273°. This distillate was again 
washed with sodium carbonate solution, extracted with ether, shaken 
up with animal charcoal, as it was slightly coloured, and then dried 
in a vacuum desiccator. A combustion made with this product 
showed it to be impure methylic diphenylacetylglycerate. It was 
further purified by repeated distillation in a vacuum, the boiling 
point being 266—270° under 17 mm. pressure. 

On combustion, the following results were obtained. 


0'2385 gave 0°5877 CO, and 0°1231 H,O. C = 67:20; H = 5°73. 
CHO, requires C = 67°41; H = 5°62 per cent. 
The density was determined at the following temperatures 
d 14°2°/4° 1:1975; d41°/4° 11737; d 80°/4° 1:1404. 
from which it appears that the diminution in density proceeds by 
000089 for 1° rise in temperature between 14°2° and 41°, and by 
000085 for 1° between 41° and 80°. 


Polarimetric determinations were made at the following tempera- 
tures. 


Observed rotation, Density compared 
Temp. ap in 92°35 mm. tube. with water at 4°. [a ]}p. 
14°5°— coe) EPS 11972 —16-06° 
34°0 —35°0°.... —16°62 11794 —15°25 
45°5 —465.... —16:03 1°1694 —14°84 
49°5 —i0'5.... —15°88 1°1660 —14°74 
61:0 —62°0.... —15°38 11563 — 14°40 
69°0 —700.... —15°08 11495 —1420 


775 — —14°88 11427 —1410 
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Thus the introduction of the two phenylacetyl groups has an 
entirely different effect from the introduction of the two benzoyl 
groups, for whilst methylic dibenzoylglycerate is strongly dextro- 
rotatory, the diphenylacetylglycerate is levorotatory, in fact even 
more so than methylic diacetylglycerate. This profound difference 
in the rotatory effect produced by the benzoyl and phenylacetyl- 
groups respectively will be again referred to later (see p. 119). 

Although the diphenylacetylglycerate resembles the diacetyl- 
glycerate so closely in its rotation, there is one point in which it 
strikingly differs, and that is in the sensitiveness of the rotation to 
temperature; thus, from the above table it will be seen that the 
levorotation becomes diminished with rise of temperature, whilst in 
the case of the diacetylglycerates, as we have already shown (Trans., 
1894, 65, 765), the levorotation increases with increase of tempera- 
ture, the same being true of the glycerates themselves. The dibenzoyl- 
glycerates, again, have their dextrorotation diminished with increase 
of temperature. 

These remarkable differences in behaviour with regard to tempera- 
ture obviously indicate that the dissymmetry of the molecule which 
leads to the levorotation of the glycerates and diacetylglycerates 
becomes exaggerated with rise of temperature, whilst the dissym- 
metry of the molecule which occasions the levorotation of the 
diphenylacetylglycerate diminishes with increase of temperature, and 
similarly the dissymmetry which brings about the dextrorotation of 
the dibenzoylglycerates becomes moderated by rise of temperature. 


Methylic Monolenzoylglycerate (Active). 


The active methylic glycerate was mixed with the calculated quan- 
tity of benzoyl chloride in the cold. There was no visible action 
until the mixture was heated to 83°, and it became vigorous at 
100° ; the oil-bath was finally raised to 180°, and maintained there for 
20 minutes. The product, after being washed with sodium carbonate 
solution, and with water, was put into a vacuum desiccator, but 
crystallisation did not ensue. Numerous unsuccessful attempts were 
made to obtain crystals by using the most varied solvents, in conjunc- 
tion with a freezing mixture ; benzene, aldehyde, chloroform, toluene, 
aniline, ether, acetone, methylated spirit, propylic alcohol, carbon 
tetrachloride, and light petroleum were all employed, to no purpose. 
In light petroleum, the liquid was only very slightly soluble. 

The liquid was submitted to combustion, with the following results. 


0°2368 gave 0°5120 CO, and 0:1072 H,O. C = 58°97; H = 5°03. 
Methylic monobenzoylglycerate, C,HOs, requires C = 58°93; H = 
5°36 per cent. 
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The liquid, which analysis had thus shown to be pure methylic 
monobenzoylglycerate, was examined with the polarimeter. 

Aap = +5°95°; ¢ = 18°; d13°/4° = 12655; 2 = 50 mm. 

It was then distilled under a reduced pressure of 10 mm., when 
about one-half of it passed over between 180° and 240°. 

This distillate, on polarimetric examination, gave the following 
results. » 

ap = +7°13°; 1 = 50 mm.; ¢ = 13°. 

Thus this distillate possessed a considerably higher dextrorotation 
than the original liquid from which it was obtained, clearly pointing, 
therefore, to the fact that the original liquid was a mixture of the 
two possible isomeric methylic monobenzoylglycerates, and from our 
subsequent experiences with the ethylic compound, there can be 
little doubt that the more volatile part is the a-modification with the 
higher dextrorotation, whilst the 8-compound with the higher boiling 
point, and which remained for the most part in the distilling flask, 
must have a lower dextrorotation, or even a levorotation. 

The quantity of material at our disposal was not sufficient to 
enable us to obtain either of these isomers in a pure state, so that 
for the present we have had to be content with having indicated this 
probable relationship between their rotations, namely, that the methylic 
a-monobenzoylglycerate is deatrorotatory, but much less so than methylic 
dibenzoylglycerate, whilst methylic B-monobenzoylglycerate is certainly 
less dextrorotatory than the a-compound, and possibly even levorotatory. 
(For another possible explanation of these phenomena see p. 115.) 


Methylic Monobenzoylglycerate (Inactive). 


This was prepared in the same way as the active compound, only 
using inactive methylic glycerate. On drying the product, the 
ethereal solution of which had been washed with sodium carbonate 
solution and water in the desiccator, it became pasty and turbid, in 
consequence of the appearance of small crystals, the quantity of 
which increased after prolonged standing; a large proportion of the 
material, however, still remained as a viscid liquid. 

The crystals were found to be very soluble in alcohol, chloroform, 
and acetone, but recrystallisation from hot benzene proved most 
serviceable for their purification ; in this way the crystals are obtained 
in small, nodular groups, exhibiting a radiated structure. The melting 
point of the purified crystals was 92°5—93°5°. 

0°2431 gave 0°5213 CO, and 0'1170 H,O. C = 5848; H = 5:35. 
Methylic monobenzoylglycerate, C,,H,.0;, requires C = 58°93; H = 
5°36 per cent. 
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The product was again recrystallised from benzene, after which the 
melting point was found to be 92°5—93°, and on combustion the fol- 
lowing results were obtained. 


0°2112 gave 04530 CO, and 0°1039 H,0. C = 58°50; H = 547. 
Methylic monobenzoylglycerate, C,,H,,05, requires C = 58:93; H = 
5°36 per cent. 

The substance was again recrystallised, and another combustion 
made. 


0°1197 gave 0°2570 CO, and 0:0594 H,O. C = 5855; H = 5°51. 
C,,H,,0; requires C = 58°93; H = 5°36 per cent. 


As already pointed out in the case of the active compound, there 
should be two methylic monobenzoylglycerates, but whether the 
crystals thus obtained are the 2- or the B-compound we have not yet 
directly determined ; from the fact, however, that the crystals appeared 
in the originally liquid product, and that a large portion of the latter 
permanently remained in the liquid state, it would appear probable 
that both the a-and the 8-compounds had been formed in the reaction, 
and that the one was crystallisable, and the other not. It may fur- 
ther be suggested that, by analogy, the crystallisable substance is 
probably the A-, and the uncrystallisable the a-, compound; thus 
a-chloropropionic acid is a liquid boiling at 186°, whilst -chloro. 
propionic acid is asolid, the melting point of which is variously given 
as 35°5—41° by Krestovnikoff (J. Russ. Chem. Soc., 11, 248), and 58° 
by Richter (Zeit. f. Chem., 1868, 451); again «-chlorobutyric acid is 
a viscid liquid (Markovnikoff, Annalen, 1870, 153, 241), whilst 
f-chlorobutyric acid is a crystalline body, melting at 98 -- 99° (Mark- 
ovnikoff, Zeit. f. Chem., 1868, 621). Similarly a-bromopropionic acid 
is a liquid boiling at 205°5°, and solidifying at —17° (Kekulé, 
Annalen, 1864, 130, 16), whilst S-bromopropionic acid is a solid, 
melting at 61°5° (Richter, Zeit. f. Chem., 1868, 449). 


Ethylic Monobenzoylglycerate (Active). 


This was prepared in the same way as the two methylic mono- 
benzoylglycerates described above. After washing the crude product 
with sodium carbonate solution and water, it was placed in the vacuum 
desiccator, in which, after six weeks, it began to erystallise, but the 
greater part remained liquid. The crystals were pressed between 
filter paper, and dissolved in hot, light petroleum, from which, on 
cooling, radiating needles were obtained, melting at 62°. Still finer 
crystals were obtained from petroleum spirit (b. p. 80—117°). 

Thus in this case again it would appear that both the a- and the 
A-compounds are formed in the reaction, and that one of these is 
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crystallisable, and the other not, and for the reasons given above, the 
crystallisable one is in all probability the 8-compound. 

The above crystals were submitted to combustion, with the follow- 
ing results. 


0°2503 gave 0°5527 CO, and 0°1332 H,0. C = 60°22; H = 591. 
0°2293 ,, 05057 ,, ,, 01220 ,, C = 6015; H = 5°91. 
C,.H,,0; requires C = 60°50; H = 5°88 per cent. 

The crystalline ethylic monobenzoylglycerate was examined polari- 
metrically in a state of fusion, at the following temperatures. 


Observed rotation, ap. 


Temp. l = 44 mm. Density, ¢°/4°. [a]p. 
ar —498 11547 —9-80° 
a —4°88 11438 —9:70 
ee —4°88 11344 —9:77 


Thus the solid ethylic monobenzoylglycerate, which is presumably 
the 8-compound, has a strong levorotation, which, moreover, remains 
practically unaltered by change of temperature, and thus differs 
markedly from all the disubstituted ethereal salts of glyceric acid 
which we have examined. 

The liquid portion of the crude ethereal salt, from which the above 
solid ethylic B-monobenzoylglycerate had crystallised, was examined 
in the polarimeter, and was found to possess a dextrorotation. This 
is, therefore, asin the case of the methylic monobenzoylglycerate, con- 
sistent with the supposition that there were two ethylic monobenzoyl- 
glycerates formed, of which the solid one (doubtless the 6-compound) 
was obtained in a pure state, and was found to be levorotatory, whilst 
the liquid one (doubtless the a-compound) is dextrorotatory. 

We would, however, point out that the facts also admit of another 
explanation, namely, that whilst the solid ethylic monobenzoyl- 
glycerate possesses the levorotation given above, the dextrorotation 
of the liquid from which it separated may be due to ethylic dibenzoyl- 
glycerate. A similar explanation would also fit the facts in the case 
of the methylic compound. We cannot positively decide between 
these two alternative hypotheses until we have prepared these com- 
pounds on a larger scale. 

Particularly interesting with regard to the solid ethylic mono- 
benzoylglycerate are the circumstances (1) that its specific rotation 
is almost identical with that of ethylic glycerate itself (for a fuller 
discussion of this point see p. 120), and (2) that the specific rotation is 
extremely insensitive to temperature. This insensitiveness is evident 
from the figures given above, but we have submitted it to a still 
more severe test by determining the specific rotation* at 136—137° 


* The ethylic monobenzoylglycerate used in this experiment was not quite pure, 


SSS SSS 


St 


116 FRANKLAND AND MACGREGOR: ETHEREAL SALTS 


(using the vapour of xylene in the jacket-tube of the polarimeter), 
with the following result. 

Aap = —4:22°; ¢ = 136°5°; 1 = 44mm; d 136°5°/4° = 1-0886; 

il —422  _ _g.gj0 at 196.50 

[a]p = Oa x 10886 = —8°'81° at 136°5°. 
As pointed out in the footnote below, the substance used for this 
experiment was not quite pure, its rotation at 71° being slightly 
below what it should be; on increasing the specific rotation at 136°5° 
in the proportion 

907 :9°75 :: 881 = 9°47, 

we obtain the corrected [@]p = — 9°47° at 136°5°, or almost exactly 
the same figure as for the lower temperatures at which the observa- 
tions were previously made. The specific rotation of this ethylic 
monobenzoylglycerate is thus almost wholly independent of tempera- 
ture, our experiments showing that it suffers only the most trivial 
diminution in value between 67° and 136°5°. 

The relationship between ethylic glycerate and ethylic monobenzoyl- 
glycerate is thus a very remarkable one, for whilst the molecular 
dissymmetry of the latter remains practically constant at all tem- 
peratures, the molecular dissymmetry of the former (leading to levo- 
rotation) increases with the temperature, and at 15° its molecular 
dissymmetry (as measured by specific rotation) happens to be equal 
to the uniform molecular dissymmetry of the ethylic monobenzoyl- 
glycerate molecule. Thus we have formerly (Trans., 1894, 65, 769) 
shown that the specific rotation (levo) of ethylic glycerate increases 
by 0°033° for 1° rise in temperature, so that assuming this increase 
to proceed uniformly, at 136°5°, the specific rotation of ethylic 
glycerate would be 13°19°, and therefore greatly in excess of that of 
ethylic monobenzoylglycerate. The exact temperature, in fact, at 
which coincidence between their specific rotations should take place 
is 33°8°. These relations strikingly indicate the importance of 
taking into account temperature in connection with the comparison 
cf the specific rotations of different active substances. 


Methylic dipropionylglycerate (Active). 


The method of preparation was the usual one of running the 
glycerate into excess of the acid chloride, but a difficulty arose in 
consequence of the propionyl chloride containing phosphorus com- 


having suffered slight decomposition through a distiJlation to which it had been 
submitted, as was shown by its rotation at 71° being ap = —4°59°,/ = 44 mm., 
—4°59 
0°44 x 11509 
the figure previously found with the pure substance. 


d71°/4" 11509; [«]p = = —9°07°, instead of [a]y = —9°75°, 


~_ So eet Ope! Pe 


OF ACTIVE AND INACTIVE GLYCERIC ACIDS, 117 


pounds, which it appears to be practically impossible to remove, 
owing to the proximity of their boiling points (propionyl chloride 
b.p. 80°, PC], b.p. 76°, POCI; b.p. 107°). On examining the crade 
product, it was found to be slightly dextrorotatory and to fume in con- 
tact with air; on refractionating, the lower distillate, which fumed, 
showed a high dextrorotation, whilst the higher fraction had a levo- 
rotation. As it was found impossible to entirely remove the 
fuming liquid by fractionation, the levorotatory compound was 
washed successively with a solution of sodium carbonate and with 
water, then dried in a vacuum desiccator, and subsequently distilled ; 
the distillate thus obtained did not fume, and gave the following 
polarimetric result. 
Ap = —11°5°; 1 = 99°2 mm. at 148°. 

This liquid was again distilled, but the amount of distillate obtained 
was so small that the rotation could not be ascertained with the 
requisite accuracy, but it was approximately zp = —11°6—11°9° 
(l= 99'2 mm.). The dextrorotation of the fuming liquid referred to 
above was doubtless due to the presence of chlorine derivatives of 
glyceric acid formed by the action of the phosphorous compounds in 
the propionyl chloride used. 

A second preparation again yielded a crude prodact which fumed 
in the air, and this instead of being distilled was washed with a 
solution of sodium carbonate as described above. By repeated 
fractionation of this washed product, a liquid was obtained having a 
rotation 

Gp = —12:2° (J = 99:2 mm.) at 142°. 
this was again fractionated, and the distillate then gave substantially 
the same rotation as before, thus 


ay = —6°23° (1 = 50 mm.) at 15°2°. 


The rotation was found to be considerably influenced by tempera- 
ture, and, as in the case of the diacetylglycerates, the rotation increases 
with rise of temperature. The specific rotation muy be calculated 
from the above figures, and the density, which was found to be 
d 15°/4°  1:1349, thus 
[ap = 9 _ = ~1097°. 
0-5 x 11349 

This rotation is slightly inferior to that of methylic diacetyl- 
glycerate, which we have previously shown (Trans., 1893, 63, 1430) to 
be [a]p = —12°04°. It is to be anticipated, therefore, that the di- 
butyrylglycerates will exhibit a further diminution in levorotation 
and so on for the series of fatty acid radicles. Although the fact 
that the rotation obtained was essentially the same for the two 
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separately prepared specimens of methylic dipropionylglycerate 
points to the rotation being correct, still we give the figure with some 
reserve in consequence of the phosphorus compounds present in the 
propionyl chloride employed having conceivably interfered with the 
optical purity of the product. 

On combustion the following results were obtained. 

02912 gave 0°5478 CO,, and 0°1818 H,O; C =51:30; H=6°94. 

C,oHieO, requires C = 51°72; H = 6°90 per cent. 
Again for hydrolysis with alcoholic potash. 
I. 1:0506 gram required 0°7566 gram KOH = 72:01 per cent. 
1.0946 ,  » 0678 , , =7212 , 
Calculated for methylic dipropionylglycerate = 72°41 ~ 


Summary and Conclusions. 


(1.) Whilst the ethereal glycerates are levorotatory, and the 
diacetylglycerates more levorotatory still, the dibenzoylglycerates 
are powerfully dextro-rotatory, thus 


H CH,OH (1) A CH,: 
(1) \cZ 2 (31, \oZ 2°OH (31) j 
(59) COOCH,” Nou (17) (73) CO0C,H,” Now {17) 
Methylic glycerate Ethylic glycerate 
[aly = —4°80°. [aly = —9°18°. 
(1) ee (31) (1) Page ee (78) 
(87) CO00,H,% \NoH (17) (59) COOC a \oc.H,0 (59) 
Propylic glycerate. Methylic diacetylglycerate, 
[a]p = — 12°94". [aly = —12°04°. 
CH,-OC,H,0 (7: , 
(Ll) ad 2°OC,H,0 (73) (1) no” dates OC,H,0 (73) 
(73) COOC,H,“ OCHO (59) (87) COOC;H,% OC,H;O (ss) 
Ethylie diacetylglycerate. Propylie diacetylglycerate. 
[a] = —16°31°. [aly = —19°47°. 
a) H CH,-0C;H;0 (185) qa) H CH,-OC;H;0 (135) 
Dex ree 
(59) COOCH; OC-H,;0 (121) COOC,H,; OC-H;,0 (121) 
Methylic dibenzoylglycerate. Ethylic dibenzoylglycerate. 
[a]p = +26 °89° (at 15°). [aly = +26 °58° (at 15°). 
[M]p = +88°20°. [M]p = +90°90°. 


(1) Ns Px 00; 80 (135) 


(s7) COOC;H,% + OC,H,O (121) 
Propylie dibenzoylglycerate. 
[a] = +21-00° (at 15°), 
[M], = +74°76°, 


(2.) We have already shown (Trans., 1893, 63, 1415, and 1894, 
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65, 754) that in the series of the glycerates and the diacetylglycerates 
respectively, the rotations rise with the positive radicle, attaining in 
each series a maximum at the isobutyl compound. In the series of 
the dibenzoylglycerates, on the other hand, the rotations diminish 
from the methylic salts onwards, the rotations of the methylic and 
ethylic salts being almost identical, but considerably greater than the 
normal propylic. 

As the dextrorotation is conditioned by the benzoyl groups, 
whilst the positive radicles alone condition a negative rotation of 
the molecule, we should anticipate that by increasing the magnitude 
of the positive radicle the tendency towards a negative rotation 
would be increased, or in other words that the positive rotation 
would be diminished, and this is actually found to be the case. It 
would, however, have been anticipated that this diminution in posi- 
tive rotation should have proceeded more regularly, and that the 
positive rotation of ethylic dibenzoylglycerate should have been con- 
siderably inferior to that of the methylic compound. 

If this line of argument be correct it is further to be anticipated 
that this diminution in the positive rotation of the dibenzoylglyce- 
rates will continue until the isobutylic compound is reached, beyond 
which the positive rotation should again increase. This point we 
have not yet had time to determine. 

(3.) Whilst the presence of the two benzoyl groups thus condi- 
tions a positive rotation, the result is entirely otherwise if two 
_phenacetyl groups be introduced instead. Thus we have found 
methylic diphenacetylglycerate to be levorotatory 


qa) H CH,-00,H-0 (149) 


N\oZ 
59) COOCH,“ OC,H,;0 (135) 
Methylic diphenacetylglycerate. 
[aly = —16-06° (at 14°5°). 
[M]p = —57°17°. 

In fact this compound has almost exactly the same rotation as 
ethylic diacetylglycerate, and a little higher rotation than that of 
methylic diacetylglycerate. 

This is a most striking illustration of what we have before called 
attention to (Trans., 1893, 63, 535), that the rotation is more power- 
fully influenced by the qualitative character than by the mere mass 
of the groups attached to the asymmetric carbon atom. 

(4.) We have also prepared some of the monobenzoylglycerates. 
Of each of these, there should, obviously, always be two isomeric 
modifications, according as the benzoyl group enters the glyceric 
acid molecule in the @- or in the 8-position. These compounds were 
obtained by mixing the calculated quantities of benzoyl chloride and 
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ethereal salt of glyceric acid and then heating the mixture as long as 
hydrogen chloride was evolved ; both isomers appear in every case 
to be formed. 

In the case of methylic monobenzoylglycerate (active), both isomers 
being liquid, we have not yet been able to separate them perfectly 
from each other. We have, however, shown that the lower boiling 
isomer, which is in all probability the a-compound, has a greater 
dextrorotation than the higher boiling and, presumably, 8-compound ; 
in fact the latter may even be levorotatory. 

A solid methylic monobenzoylglycerate (inactive) was obtained 
which melted at 92°5—93°. In the case of ethylic monobenzoyl- 
glycerate (active) the higher boiling, and, therefore, presumably 
f-compound is solid (m. p. 62°), and has been purified by repeated 
crystallisation. It is levorotatory, and has almost exactly the same 
rotation as ethylic glycerate itself. 


a) H CH,-08 (31) a) H CH,,OC-;H;0 (135) 
Ye Ye 
(89) COOCH; OC,H;0 (121) (69) COOCH; OH 17) 
Methylic a-monobenzoylglycerate. Methylic 8-monobenzoylglycerate. 
Dextrorotatory liquid. Less dextrorotatory liquid than the 
a-compound. 
73) COOC;H,% OC;H,O (12!) (73) COOC,H,” + NOH an 
Ethylic a-monobenzoylglycerate. Ethylic 8-monobenzoylglycerate. 
Dextrorotatory liquid. [a]p = —9°80° at 67°, but insensitive to 


temperature, hence probably the same at 15°. 
MJ, = —23°32°. 
(Melting point 62°.) 

The almost exact equality between the specific rotations of ethylic 
glycerate ({a]» = —9:18°) and of ethylic B-monobenzoylglycerate 
({@]p = —9°80°) is extremely remarkable, for it would surely be 
anticipated that the displacement of a single atom of hydrogen by 
such an enormous group as the benzoyl radicle should produce a pro- 
found change in the dissymmetry of the molecule as measured by 
specific rotation. This replacement of hydrogen by benzoyl, without 
much effect on the rotation, is only realised in the case of the 
CH,-OH-group of ethylic glycerate, for, by replacing the H in the 
OH-group by C;H;O,' the product is dextrorotatory (see ethylic 
a-monobenzoylglycerate), and, therefore, entirely different, even in 
the sign of its rotation, from the original ethylic glycerate. 

(5.) The remarkable phenomenon of replacement without marked 
change in rotation is also exhibited in the case of the methylic dipheny]- 
acetylglycerate referred to in (3), for, as there pointed out, the rota- 
tion of this compound ([¢]p = —16°06° at 14°5°) differs but slightly 
from that of methylic diacetylglycerate ([a]p = —12°04°), although 
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the constitutional change is of sach a profound character as the dis- 
placement of two hydrogen atoms by two C,H;-groups. 

(6.) Methylic dipropionylglycerate ({@]p = —10°97°), again, ex- 
hibited only a very slight difference in rotation from methylic diacetyl- 
glycerate ([%]p = —12°-04°), although the constitutional change is 
considerable, consisting as it does in the replacement of two atoms of 
hydrogen by two CH;-groups. 

(7.) It is worthy of remark, that in all these cases in which substi- 
tution is attended with comparatively little change in rotatory power, 
the substitution takes place at a point which is comparatively remote 
from the asymmetric carbon atom ; whilst in those cases in which the 
substitution is so near the asymmetric carbon atom that it is only 
separated from it by a single atom of oxygen, the change in rotatory 
power is very considerable. Thus, turning for illustrations of this 
principle to the experimental material which we have ourselves 
furnished in this and previous communications, we find 


(1) Passage from glycerates to dibenzoylglycerates causes great change in specific 
rotation. 
(2) Passage from glycerates to diacetylglycerates causes great change in specific 
rotation. 
(3) Passage from glycerates to diphenylacetylglycerates causes great change in 
specific rotation. 
(4) Passage from lactates to benzoyllactates causes great change in specific rotation. 
(5) - és acetyllactates - m " 
(6) ” glycerate to a-monobenzoylglycerate causes great change in 
specific rotation. 
(7) Passage from methylic glycerate to ethylic glycerate causes great change in 
specific rotation. 
(8) Passage from ethylice glycerate to propylic glycerate causes smaller change in 
specific rotation. 
(9) Passage from propylic glycerate to isobutylic glycerate causes still smaller 
change in specific rotation. 
(10) Passage from propylic glycerate to normal butylic glycerate causes practically 
no change in specific rotation. 
(11) Passage from normal butylic glycerate to heptylic glycerate causes very little 
change in specific rotation. 
(12) Passage from heptylic glycerate to octylic glycerate causes very little change 
in specific rotation. 
(13) Passage from methylic dibenzoylglycerate to ethylic dibenzoylglycerate causes 
practically no change in specific rotation. 
(14) Passage from ethylic glycerate to ethylic 8-monobenzoylglycerate causes prac- 
tically no change in specific rotation. 
(15) Passage from methylic diacetylglycerate to methylic diphenylacetylglycerate 
causes very little change in specific 1 station. 


An exception to the above rule is afforded by the specific rotations 
of the three dibenzoylglycerates which we have prepared, and in 
which we found that passage from the methylic to the ethylic com- 
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pound was attended with less effect on the rotation than passage 
from ethylic to propylic, although the latter substitution is more 
remote from the asymmetric carbon atom. 

Again, the same phenomenon is exhibited by the extensive mate- 
rial which has been furnished by Walden (Zeit. physikal. Chem., 1895, 
17, 264) in connection with the derivatives of malic acid. Thus, 
bearing in mind the arrangement of the groups around the assym- 
metric carbon atom, 

COOH 

GH, 
H-(c)-OH 

COOH 


the following results will be seen to show that replacement of the 
carboxylic hydrogen atoms produces a considerable effect on the 
rotation; but a much greater effect is obtained by replacing the 
hydroxylic hydrogen ; whilst after this latter hydrogen has been re- 
placed, all further substitutions carried out in the substituting group 
itself are almost entirely without influence on the rotation. 


[a}p- [a]p- 
Dimethylic malate.......... — 6°85°| Dipropylic acetylmalate.... —22°85° 
Diethylic i  esesce ce a ee a chloracetylmalate —23°52 
Dipropylic § ,, «....0.+.. 11°63 9» butyrylmalate.... —22°40 
Diisopropylic ,, .......... —10°41 m isovalerylmalate.. —21°68 
(about) - bromacetylmalate. —22°24 
Diisobutylic ,,  .....eeee- —11°14 
Diamylic - Mecrssingme. a inn 
Dicaprylic ,, «....+++.. — 6°92 | Diisobutylic acetylmalate... —21°88 
(about) a butyrylmalate.. —21°68 
” isovalerylmalate —19°91 
fe bromacetylma- 
Dimethylic acetylmalate..... —22°92 late ........ —20°38 


- propionylmalate. —22°94 
a butyrylmalate... —22°44 
” isobutyrylmalate. —22°36 | Maldiamide .............. —38°O* 
mi isovalerylmalate . —22°39 | Malic acid.........e00.++. — 5°75* 
- chloracetylmalate —23°30 | Maldianilide.............. —60°0* 
zs bromacetylmalate —22°40 | Maldi-o-toluide............ —66°5* 
Maldi-p-toluide............ —70°0* 
Mal-8-naphthyl .......... —51°5* 


Diethylic acetylmalate ...... —22°52 


»  propionylmalate... —22°20 
»  butyrylmalate..... ~ 22°22 | Chlorosuccinic acid........ +52°0* 
»  isobutyrylmalate... —21°99 A anhydride... +31 °0* 
»  isovalerylmalate... —22°07 (about) 
és bromacetylmalate. - —22°48 s chloride.... +29°53 
»»  brompropionylma- Dimethylic chlorosuccinate.. + 41°42 
ES ae — 22°48 | Diethylic ‘a -. +27°50 
»»  brombutyrylmalate —24°76 | Dipropylic _ «« +25°63 
»  bromisobutyrylma- Diisobutylic - «. = +21°57 
late..cecccccess —22°67 (about) 
Diamylic vs oo +21°56 


* The rotation of these compounds was taken in solution. 
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Dimethylic bromosuccinate.. +51°18 | Dipropylic bromosuccinate.. +38°05 
Diethylic re «- +40°96 | Diisobutylic * -. +23°56 

Thus in the above series such a change as that from dimethylic 
acetylmalate to dimethylic chloracetylmalate is essentially similar to 
the change from methylic diacetylglycerate to methylic diphenyl- 
acetylglycerate; and in both cases the effect on rotation is remark- 
ably small, In malicacid, the hydroxyl group being directly attached 
to the asymmetric carbon atom, corresponds to the a-hydroxyl group 
in glyceric acid, and replacement of this hydrogen in both cases pro- 
duces a profound change in the rotation. Still more profound is the 
change in the rotation if the whole of the OH-group is substituted ; 
as, for example, in the passage from dimethylic malate to dimethylic 
chlorosuccinate. 

Again, it appears that the replacement of the hydroxylic hydrogen 
by a hydrocarbon radicle produces far more effect on the rotation 
than the substitution of the same atom of hydrogen by an acid 
radicle containing the same number of carbon atoms; thus a com- 
parison may be made between 


CH,COOCH; C H.-COOCH; CH,COOCH, 
H-(c)-OH H-()-0C,H; H-(6)-0-C;H,0 
COOCH, COOCH, COOCH; 
[aly = —6°85° [a]p = +60:98°* [aly = —22°92° 
(Walden). (Purdie and Williamson) (Walden). 


Trans., 1895, 979. 


XIV.—Rotation of Optically Active Compounds in 
Organic Solvents. 


By Percy Frankiand, Ph.D., F.R.S., and Roserr Howson Pickarp, 
B.Sc. 


In pursuing the study of the connection between optical activity 
and chemical composition, the investigation is frequently hampered 
by the circumstances that the active compounds under examination 
are solid at those temperatures at which polarimetric observations 
can be conveniently made, and that the optical activity displayed by 
the substance in solution is liable to enormous variations according 
to the particular solvent employed. Great importance, therefore, 
attaches to the discovery of any relationship between the real optical 


* The sign + is employed, as it has not yet been determined whether dextro- 
ethoxysuccinic acid is derived from dextro- or from levo-malic acid; in either case, 
however, our statement above is strongly supported by the facts. 


Kk 2 
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activity of a particular substance and the variable activity which it 
exhibits in different solvents. 

This problem has been attacked in a very suggestive way by 
Freundler (Théses présentés 4 la Faculté des Sciences de Paris, 1894) 
in connection with his interesting researches on the derivatives of 
tartaric acid, and his conclusions are summarised in the two follow- 
ing statements. 

“ When a solvent gives normal figures for the molecular weight of 
the dissolved active compound, it does not alter its rotatory power 
for any concentration. 

“On the contrary, if the solvent gives abnormal figures for the 
rotatory power, it causes the compound to undergo some change, and 
yields also abnormal cryoscopic and ebullioscopic figures. In this 
case, the concentration influences [@]p, which departs from the normal 
value in proportion as the solution is more dilute.” 

The latter mode of behaviour is ascribed by Freundler to the 
operation of a dissociation process in neutral organic solvents analo- 
gous to that which takes place in saline solutions. 

The double importance of this subject, from the point of view of 
optical activity on the one hand, and from that of the dissociation 
theory on the other, appeared to render it highly desirable that the 
validity of these conclusions should be tested by further experiments, 
and for which some of the optically active compounds prepared by 
one of us were particularly well adapted. 

The experiments which we have carried out with this object con- 
sist, firstly, in the determination of the optical activity of a pure sub- 
stance in the liquid state, secondly in the determination of its activity 
at different dilutions in solidifiable solvents, and, thirdly, in the 
cryoscopic determination of the molecular weight of the active sub- 
stance in the same solvents at similar dilutions. 

The optically active substance which served for the greater 
number of our experiments was methylic dibenzoylglycerate, which 
crystallises in beautiful, slender needles melting at 58—-59°, and 
often upwards of an inch in length. 

The optical activity and molecular weight of methylic dibenzoyl- 
glycerate were determined in the following solvents :—Benzene, 
acetic acid, ethylene dibromide, and nitrobenzene. 


Experiments with Benzene as Solvent. 


In order to test the cryoscopic apparatus employed, which was of 
the ordinary Beckmann type with a thermometer graduated in 
bundreths of a degree Cent., the following determinations were made 
with naphthalene. 


Cryoscopic Determinations with Naphthalene in Benzene. 


Molecular weight of Naphthalene = 128. 


Molecular depression for Benzene 
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[6] 2, 1884). 
e é Grams of naph- . 

ieee we || aaphtialone | thelone in Too | PeBromsion of | Moleesen 
- grams of solu- | “*°¢2!Bg-poin weight 

grams. in grams. tion.* in °C deduced. 

| 

37-4965 0 °6345 16 | 0°685 121 °1 
Pr 0°7555 1°9 | 0-810 121°8 
o 1°1842 3°0 1°285 120°4 
" 1°6545 4°2 | 1°745 123-9 
37 *2020 1 *6800 4°3 1-770 125°0 
87 °4965 2 5320 6°3 2-660 124°4 
87 *2020 3 °2540 8°0 3 °395 126 °3 
37 °4965 3 °3070 8°1 3°440 125 °6 


The above figures, which approximate to the theoretical molecular 
weight of naphthalene, show that the arrangement employed was 
capable of yielding accurate results. 


In the next instance, a similar series of cryoscopic determinations 
was made with active methylic dibenzoylglycerate (derived from 
dextrorotatory glyceric acid). 


Cryoscopic Determinations with Active Methylic Dibenzoylglycerate in 


Benzene. 


Molecular weight of Methylic Dibenzoylglycerate = 328. 


. Weight of Grams of : , 

hs aight of methylicdiben-} substance in oa “pa ad | a 
enzene in | ,oviglycerate 100 grams of reezin ‘_ | mo _ r 

_— in grams. solution. | nating | = 

6°5776 0 *1567 2°3 0°370 | 315°5 

z 0-3489 50 0865 | 300 °5 

pa 0°3787 5°4 0 945 298 “6 

ts 0°5554 7‘8 1°360 304 *2 

2 0°7144 9°8 1°710 311°2 

~ 0 "8863 11°9 2°100 314°4 

- 1°1010 14°3 2°595 316 °0 

= 1 °2920 16 °4 3 °010 319 °8 

ie 1°4439 18°0 3 380 318 °2 

‘ 1 8644 220 4°320 3215 


* The percentage of substance employed is, throughout the paper, given in 
terms of 100 parts of the solution and not of the solvent, as is usually done. The 
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In this series it will be seen that the indicated molecular weights 
of the ethereal salt are in all cases decidedly below the theoretical, 
the values being, on the whole, smallest for the most dilute solu- 
tions, and rising with increased concentration. 

The molecular weight of an optically active compound at once 
raises the question as to what is the molecular weight of the curre- 
sponding inactive “racemate.” This question was discussed many 
years ago by Perkin (Trans., 1867, 20, 149), who was, however, 
unable to obtain the molecular weights of the ethereal salts of 
tartaric and racemic acids by vapour density determination, but 
came to the conclusion that their molecular weights must be identical 
in consequence of the identity of the boiling points of the correspond- 
ing ethereal salts of the tartaric and racemic acids. As far as we are 
aware, however, this point has not yet been investigated by means of 
cryoscopic and ebullioscopic methods for racemates dissolved in 
organic liquids.* We proceeded, therefore, to make a similar series 


object of this is to render the percentage composition of the solutions submitted to 
eryoscopic examination directly comparable with that of the solutions examined in 
the polarimeter. 

* Since making these experiments, we find that K. Auwers (Zeit. physikal. 
Chem., 1894, 15, 51) has cryoscopically examined methylic and ethylic lactates (in- 
active of course) in benzene solution, with the following results. 


Methylic lactate (inactive), CjH,03 = 104. 


Grams of solvent Grams of 
(benzene). substance. 


Grams of substance Observed Molecular weight 
to 100 grams solvent.; depression. deduced, 


0 2220 
0 °5555 ‘ . 127 ‘0 
1°0205 ‘ : 147°0 
1°3920 162 °0 
Ethylic lactate (inactive). Cs 
0 -0600 : : 107 *0 
0 °1090 . , 118°0 
0°3258 ‘ 4 128 ‘0 
0 6225 : ‘ 139 °0 
0 *9862 : 153°0 
1°3265 , : 171°0 
1 5350 ‘ . 170°0 
1°7725 | , y 176°0 


110°0 


| 
15°00 | 0°1050 | 98-9 
| 


There is no reference made to the possibility of the lactates being present as 
racemised molecules, and the very high values obtained for the molecular weights 
are attributed exclusively to the abnormal behaviour which is exhibited by hydroxy- 
compounds in general. This conclusion can, however, obviously be only provision- 
ally drawn in the absence of any information as to the cryoscopic behaviour of the 
corresponding active compounds. 
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of eryoscopic determinations with inactive methylic dibenzoylglyce- 
rate, a substance which also crystallises in long, slender needles 
melting at 44—46°, whilst the active body melts at 58—59°. 

The solubility of the active and inactive compounds in alcohol was 
also found to be very different ; thus at 12°8°, 100 parts by weight of 
methylated spirit dissolves 1°96 part of active, and 5:33 parts of 
inactive methylic dibenzoylglycerate. 


Cryoscopic Determinations with Inactive Methylic Dibenzoylglycerate in 
Benzene Solution. 


Molecular weight of inactive methylic dibenzoylglycerate (calculated as a 
racemate) = 328 x 2 = 656. 


Weight of Grams of | Depression 
methylicdiben-| substancein | of freezing 
zoylglycerate 100 grams of 
— In grams. solution. 


Weight of 


benzene in 


5 *8980 0°2281 
8°2791 3350 
4602 
4559 
6542 
8111 
“0280 
*3430 
5917 
*8346 


5 8980 
8°2791 


~ 


a 
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The above figures for the molecular weight are obviously su‘bstan- 
tially the same as those obtained with active methylic dibenzoylgly- 
cerate, and clearly indicate that in the benzene solution the molecules of 
the oppositely active ethereal salts, which give rise to the inactive com- 
pound, are not in combination. The figures afford, moreover, in their 
divergence from the calculated weight of the single molecule, a con- 
firmation of the results recorded above for active methylic dibenzoyl- 
glycerate. 

It will be interesting now to compare with these cryoscopic 
measurements the polarimetric determinations made with similar 
solutions of active methylic dibenzoylglycerate in benzene. The results 
are recorded in the following table (p. 128). 

These figures show that the rotation [a]p of the ethereal salt in 
benzene solution is greatly in excess of its rotation in the pure state, 
and, further, that the rotation increases slowly, but unmistakably, 
with the dilution of the solution. From the diagram given on p. 140, 
it will be seen that the rate of increase in rotation proceeds very 
steadily with the dilution until the highest dilution is reached, when 
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an abrupt rise in the rotation was observed. But, on extrapolation, 
it is found that, even with infinite concentration, the rotation is con- 
siderably in excess of that experimentally obtained with the pure 
substance in a state of fusion. Thus, on producing the straight line 
beyond the diagram to 100 per cent. concentration, the value [ap] = 
+33°3° is obtained, whilst the rotation of the pure substance at 15° 
is [@]p = +26°89°. 


Rotation of Benzene Solutions of Active Methylic Dibenzoylglycerate. 
[a], for methylic dibenzoylglycerate in the pure state at 15°C. = + 26°89°. 


Weight of 
benzene 
solution in 


grams. 


Weight of 
substance 
in grams. 


Grams of 
substance 
in 100 


grams of 100°47 mm. 
solution. | 


| Density of 


Observed 
rotation, 
Gp, in 


tube. 


solution 


ture of 
observation 
compared 
with water 


at tempera- 


Tempera- 
ture at 
which 

rotation 

and density 
were deter- 


mined. 


at 4°. 


0 °8929 
0 *8962 
0 -9017 
0°9411 
0 9847 


14°5° 
16°5 
16°5 
15°0 
14°5 


EXPERIMENTS WITH ETHYLENE DIBROMIDE As SOLVENT. 


A similar series of experiments was made both with the active and 
inactive methylic dibenzoylglycerates in ethylene dibromide solution 
(see next page). The ethylene dibromide employed, both in the cryo- 
scopic and polarimetric determinations, was dried with calcium chloride 


and redistilled (b. p. 129°). The melting point was 10°. 

Thus, in the case of the ethylene dibromide solution there is little 
or no evidence of dissociation, even with the highest dilutions 
employed, whilst in the more concentrated solutions the indicated 
values for the molecular weight are distinctly excessive. The values 
obtained in the case of the inactive compound are substantially the 
same as those for the active. 


* In order to ascertain whether the rotation is affected by the solution being 
kept, this particular solution was preserved 18 hours before examination, whilst 
the other solutions were examined at, once. The result shows that no change 
appears to take place, as the figure obtained falls into line with the others. 
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Oryoscopic Determinations with Active and Inactive Methylic Dibenzoyl- 
glycerates in Ethylene Dibromide Solution. 


Molecular weight of methylic dibenzoylglycerate = 328. 
Molecular depression for ethylene dibromide = 118. 


| 
Weight of Weight of Grams of | Depression | 
ethylene methylic diben- | substance in | of the 
dibromide zoylglycerate | 100 grams of f reezing-point 
in grams. in grams. solution. | in °C 


Indicated 
molecular 
weight. 


. Active Compound, 


9 °7573 
25 *2479 


322 °2 
321°9 
323 °8 
331°7 
335 °O 
333 *3 
344°7 
344°8 
346 *6 
348 °1 
352 °7 
352°1 
350°1 
354 °0 
358 °8 


© 
g 
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- Inactive Compound. 
. 334°6 

‘4 350-3 
330°5 
345°0 
847 °1 
341°3 
341°2 
351 °4 
359 °0 


Dd S AAT D~7 0d 


The results given in the table on p. 130 were obtained on examining 
similar solutions in the polarimeter. 

Thus, the rotation for all concentrations is greatly inferior to that 
exhibited by the pure substance in a state of fusion; there is, more- 
over, very little variation with the concentration, but such as there 
is leads to the stronger solutions having a distinctly higher rotation 
than the weaker ones. This slightly greater rotation is thus obtained 
in the case of those solutions which yield the markedly high values 
for the molecular weight as determined by the cryoscopic method. 

The relationship between the rotation and concentration is best 
seen by reference to the diagram on p. 140. By producing the 
straight line beyond the diagram until a concentration of 100 per 
cent. is reached, the value [a]p = +32° is obtained, and which is con- 
siderably in excess of that actually yielded by the pure substance. 
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Rotation of Ethylene Dibromide Solutions of Active Methylic 
Dibenzoylgleerate. 


[a]p for methylic dibenzoylglycerate in the pure state at 15° = + 26°8Y°. 


Density of 
Weight of Grams of | Observed prone at Tempera- 
ethylene | Weight of| substance | rotation, ne: pe pre “4 
dibromide | substance,! in 100 | ap, in b seer ee bres [a]p- 
solution, | in grams. grams §100°47 mm. aparece -; = om 
in grams. solution. | tube. — ——— 
with water| served. 
| at 4°. 
10°9492 0°3695 3°3 +1°38° 2°1286 17°5° | +19°18% 
13 °5373 | 0:8982 6°6 | 2°78 2 0749 17°56 =| = 20°09* 
10°1979  1:°1146 10°9 | 4°36 2°0103 17-0 | 19°77 
16 °8104 2 °5857 15°4 6°33 1°9494 15:0 | 21°02 
13°8365 3:°0936 22°3 9°03 1°8538 17°5 21°69 


EXPERIMENTS WItH NITROBENZENE AS SOLVENT. 


A similar series of cryoscopic determinations was made both with 
active and inactive methylic dibenzoylglycerate in nitrobenzene solu- 
tion. The nitrobenzene employed both in these and in the subsequent 
polarimetric measurements had a constant boiling point of 207° and 
melted at 54°. The cryoscopic determinations gave very irregular 
results ; we have, however, recorded them in the following table. 

The figures from the cryoscopic determinations (next page), 
although disappointingly irregular, show that the indicated mole- 
cular weight is distinctly greater in nitrobenzene than in benzene, 
many of the values found approximating closely to the theoretical, 
irrespectively of the concentration. In spite of their irregularity, the 
general tendency of the figures is to show that with the greatest 
dilution the molecular weight is lower than the theoretical, and with 
the highest concentration that it rises above the theoretical. 

As regards the indicated molecular weight of the inactive com- 
pound, all the values obtained very closely approximate to the theo- 
retical weight of a single molecule, and thus confirm the conclusion 
arrived at in the case of the benzene and ethylene dibromide solu- 
tions, that the oppositely active molecules of which the inactive 
compound consists are not in combination in the solution. 

On now turning to the polarimetric determinations made with the 
nitrobenzene solution of the active compound, the following results 
were obtained (see second table on next page). 


* These solutions were made up 18 hours before examination with the polari- 
meter. 
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Cryoscopic Determinations with Active and Inactive Methylic Dibenzoyl- 
glycerate in Nitrobenzene Solution. 


(a). Active Compound. 
Molecular weight of methylic dibenzoylglycerate = 328. 


Molecular depression 


for nitrobenzene = 72. 


Weight of Weight: of oe of Depression of Indicated 
nitrobenzene | substance in noo permcnindipen freezing point molecular 
in grams rams 100 grams of in ° weight 

a 8 : solution. _ 
5 -2072 0 °0925 the 0°420 304°5 
5 °4957 0 °2247 3°9 0*900 327°1 
5°2072 0 *2919 5°3 1270 317°8 

» 0 ‘3780 6°7 1 *655 315°8 
5° 4957 0 °4702 7°8 1910 322 °5 
5 *2072 0 °4681 8°3 2°050 315 °7 
5 *4957 0°6501 10°5 2 *500 340 °7 
5 0482 0 °6333 ct ee 2 °665 338 °*9 
5 °2072 0 °6580 11°2 2-810 323 °8 
5 4957 0 *7367 11°8 2°885 334 °4 
ms 0 *8782 13 °7 3°495 829 2 
5 °2072 0°9519 15 °4 4°015 327 °8 
5 0482 0 -9642 16°0 4 °030 341°2 
5 2072 1 -0019 i6°‘1 4 °200 329 *8 
5 °4957 1 *1507 17 °3 4°475 336 °9 
(b). Inactive Compound. 
5 0764 0 °2336 4 °4 1 -000 331 °3 
™ 0 °3536 6°5 1°545 324-6 
- 0° 4064 7°4 1-760 327 *5 
~ 0 -4936 8°8 2°160 324°1 
” 0 °5452 9°7 2 °390 323 °6 
” 0 6623 11°5 2 860 328 *4 
» 0°8919 149 3 °785 334 *2 
a 1 0563 17°2 4500 332 °9 


Rotation of Nitrobenzene Solutions of Active Methylic Dibenzoylglycerate. 
[a]p from ethylic dibenzoylglycerate in the pure state at 15°C. = +26°89°. 


| | Density of | | 
Weight | Grams of | Observed | Solution at Tempera- 
of nitro- | Weight of | substance | Totation | yor ‘which 
benzene | substance} in 100 Nga en EE Ee ol [a],. 
solution | in grams. grams /100°47 mm. poo pen 
in grams. | solution. tube. | with water | observed. 
| i at 4°, 
Agape = pend 
6-9157 | 0-1668 2-4 | 40°58 | 12079 | 15°0 | +19°83 
4°7130 | 0°2632 5°5 1°40 | 1°2082 15°9 20 62 
5°9898 0 6795 11°3 2°94 | 1°2082 16°3 21°33* 
5°7157 | 0°9950 17 *4 4 °60 | 1°2096 16 °6 21°75 
6 6643 1 8694, 28 °1 7°54 | 1°2164 15°5 21°99 


* This solution was made up 18 hours before polarimetric examination. 
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From these figures it will be seen that, although the observations 
were made over a very wide range of concentration, the specific 
rotation only suffered comparatively slight change. The specific 
rotation was only about one-half of that exhibited in benzene solu- 
tion, and was markedly inferior to that possessed by the pure sub- 
stance in a state of fusion. Moreover, whilst in henzene the rotation 
increases with the dilution, in nitrobenzene it diminishes. The 
relationship is best seen from the-diagram on p. 140, from which it 
may also be shown tbat, by extrapolating, the value for infinite con- 
centration closely approaches, although it is slightly below, the 
experimental value for [a]p obtained with the pure substance in a 
state of fusion. Thus, by producing the straight line beyond the 
diagram until it reaches a concentration of 100 per cent., the value 
obtained for [a]p is + 25°, whilst the pure substance actually gives 
[aly = +26°89°. 


EXPERIMENTS WITH ACETIC ACID AS SOLVENT. 


The acetic acid employed boiled at 118°, and had a melting point 
of 10°4°, a specimen with higher melting point not being available at 
the time. 


Cryoscopic Determinations with Active and Inactive Methylic Dibenzoyl- 
glycerate in Acetic acid Solution. 


Molecular weight of methylic dibenzoylglycerate = 328. 
Molecular depression for acetic acid = 39. 


Weight of | Weight of . Soe ne _ Depression of | Indicated 

: aed : substance in | ° ° 

acetic acid in | substance in | , 00 grams of freezing point molecular 
grams. grams. aain-2 in °C, weight. 


{ 
(a). Active Compound. 


3°7355 | 0°0785 2°0 | 0250 327 °9 
5 0224 0°1806 3°4 | 0460 304 °9 
3°7500 0°16386 4:1 | 0 °495 343 -7* 
3 -8540 0 -2089 | 5°1 |  0°690 306 *4 
5 0565 0°3016 56 | 0-710 327 °6 
3 -7500 0:3197 | 78 |  0°970 342 -9* 
4,°3326 0 -3609 77 | 1-000 324°9 
5 0224 0 +4212 7°7 | 1045 3130 
3 9021 0°3645 | 8°5 / 17080 337 *3 
3 °7500 0°4362 =| 10 °4 | 1830 341-1* 
5 0224 0°6145 =| 10°9 | 1°615 3150 
3 °8540 0°5733.—| 12°9 | 17840 315 °3 
3 -9021 06024 | 13 °3 1°830 329 °0 
4, 3326 06998 13 °9 | 1850 340°5 
5 0224 0°9775 16 *2 | 2°345 323 °7 


* It will be observed that these figures, which are the most erratic, were all 
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(b). Inactive Compound. 


4°4101 071145 | 2°5 | 0-300 337 °5 
. 0 *2725 5:8 | 0°70 3129 
A 0°3947 8°2 | 1095 318 ‘8 
ya 0°5317 10°7 | 1°385 339 °5 
ss 0 -6862 13 *4 |  1°750 346 °8 


From the above figures, it will be seen that the results were of a 
more erratic character than with the other solvents, the values for 
the molecular weight being sometimes above and sometimes below 
the theoretical. This is doubtless to be accounted for partly by the 
molecular depression possessed by acetic acid being smaller than that 
of the other solvents, and partly to the very hygroscopic character of 
the glacial acid, both circumstances which would tend to diminish the 
uccuracy of the determinations. Another circumstance which must 
have interfered with the accuracy of the results was that the quan- 
tities of both solvent and substance employed were exceptionally 
small. 

In the case of the inactive compound, again, the cryoscopic deter- 
minations negative the existence of a double molecule racemate in the 
solution, the values obtained for the molecular weight being essentially 
similar to those obtained for the active compound. 


Solutions of active methylic dibenzoylglycerate were also examined 
polarimetrically, with the following results. 


Rotation of Acetic acid Solutions of Active Methylic Dibenzoylglycerate. 


a], for methylic dibenzoylglycerate in state of fusion at 15°C. = +26°89°. 
D y ygty 
Density of 
ae Grams of | Observed a at — 
bee seid | Weight of | substance | rotation, pon a f which 
solution substance in 100 “p17 | observation; rotation aly 
in grams in grams. | grams of |100°47 mm. compared was 
solution. tube. | with water! observed. 
at 4°. | 
7 -6560 0°1313 Se +0°63° 1 °0561 16°2° 34 °34° 
5 °0756 0°2430 4°7 ii 1°0694 {| 16 7 32 °27 
5 8478 0 °5548 9°5 3°31 1°0699 | 15°6 32 °45* 
7°6152 | 1°0356 13 6 4°79 1:0750 | 168 3261 
6 ‘0307 1°1219 18 6 6°55 1°0820 | 16°3 32°38* 


obtained in a single series of experiments in which successive additions of the 


substance were made to one and the same quantity (viz., 


solvent. 


* These solutions were prepared 18 hours before polarimetric examination. 


3°75 grams) of the 
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The figures obtained for [«]p are all in excess of that obtained for 
the pure substance in a state of fusion at 15°, but they change com- 
paratively little on varying the degree of concentration; the highest 
dilutions, however, exhibit the greatest rotation, and by reference to 
the diagram on p. 140 it willbe seen that the acetic acid solution 
gives values for [@]p, which approximate more closely than in the case 
of the other solvents to the value obtained for the pure substance. On 
extrapolation for infinite concentration, moreover, it is found that 
the value for [«]p almost exactly coincides with the value obtained 
for the pure substance. Thus on producing the acetic acid straight 
line beyond the diagram, the value [a]p = +27°2°is obtained for 100 
per cent. concentration, the pure substance giving [a]p = +26°89° 


at 15°. 


EXpeRIMENTS MADE witH So.turions or Active Ersy.iic DIAcETYL- 
GLYCERATE. 


The striking contrasts between the results, both cryoscopic and 
polarimetric, obtained with benzene and acetic acid solutions of 
active methylic dibenzoylglycerate, rendered it desirable to ascertain 
whether similar results would be yielded in the case of other active 
substances. To this end, cryoscopic and polarimetric determinations 
were made with benzene and acetic acid solutions of active ethylic 
diacetylglycerate. The preparation and properties of this compound 
have already been described by one of us (Percy Frankland and 
Macgregor, Trans., 1893, 63, 1422), and the following results were 
now obtained with its solutions in benzene and acetic acid re- 
spectively. 


Cryoscopic Determinations with Benzene Solutions of Active Ethylic 
Diacetylglycerate. 
Molecular weight of ethylic diacetylglycerate = 218. 
Molecular depression for benzene = 49. 


; Weight of | Grams of . , 

Weight of ethylicdiacetyl-| substance in Depression of Indicated 
benzene ; . freezing-point molecular 

F glycerate in 100 grams of in °C oun 

— grams, solution. P = 

3° 5666 0°1261 3°4 0 °830° 208 *7 

A 0°3709 9°4 2-380 214°1 

= 0°5208 12°7 3 +320 215 °5 

of 0°6451 15-2 4050 218°8 

a 0 °7223 16°8 4°410 225 °0 

~ 0 °7988 18°3 4 °855 226 °1 


molecular weight. 


somewhat above it. 
investigated. 


Rotation of Benzene Solutions of Active Ethylic Diacetylglycerate. 
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The above figures show that the solutions of ethylic diacety]- 
glycerate in benzene give nearly true cryoscopic values for the 
The values for the higher dilutions are somewhat 
below the theoretical, whilst with increasing concentration they rise 
The rotation of these benzene solutions was now 
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[«]p for pure ethylic diacetylglycerate at 15° = —16°31. 
| Density aie 
Weight of Weight of | Grams of | | Observed | tempera- mee. ge 
ten. ri ethylic | substauce rotation, | ture of es te 
net | diacetyl- in 100 @p,iN —_ observation| setetion [a]p- 
: ” | glycerate, grams of 100°47 mm. compared | | * 
eo) ie grams. | solution. tube. with water | Mh 
at 4°. | observed. 
= ‘-— | | | ne 
4°062i | 0°2153 | 5°3 —0°82° 8948 r 15.3° | — 17 *20° 
7 °4943 2°2290 ; 29°8 —4°24 "9580 | 15°0 | —14°83* 
! 


Thus with a low concentration the value for [@]p is somewhat 
greater than that exhibited by the pure substance, whilst with a high 
concentration it is somewhat below the latter. 

Similar experiments were then made with solutions of ethylic 
diacetylglycerate in acetic acid. 


Cryoscopic Determinations with Acetic acid Solutions of Active Ethylic 
Diacetylglycerate. 
Molecular weight of ethylic diacetylglycerate = 218, 
Molecular depression of acetic acid = 39. 


| | 
— | Weight of Grams of . . 
W ight “¥ | ethylic diacetyl- substance in Pa ap of ——— 
eonthe acid, in | glycerate, in 100 grams of reezing point, mo a 
granis. grams, | eatin. in“ C. weight. 
| 
4°8301 00521 1°0 0°310 135 °7 
ve | 0°1208 2°4 0°705 138°3 
fi | 0 *2337 4°5 1°270 148 °6 
ee 0 °4678 8°8 2°040 .185°2 
” 0°7709 13°7 3 °250 191 °6 
us | 0 °9257 16°1 | 3 *860 | 193 °6 


The results present a striking contrast to those obtained in the 
case of benzene, for with all the concentrations investigated the values 


* 'Ehis solution stood for 18 hours before it was examined. 
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for the molecular weight were greatly below the theoretical, the 
values rising with the concentration. Thus whilst with benzene for 
a concentration of 15°2 per cent. the eryoscopic value for the mole- 
cular weight was normal, with acetic acid for a concentration of 16°] 
per cent. the value for the molecular weight was much lower than 
with a concentration of only 3:4 per cent. in the case of the benzene. 


Rotation of Acetic acid Solutions of Active Ethylic Diacetylglycerate. 


[a] for pure ethylic diacetylglycerate at 15° = —16°31. 
Ob 4 | Density at 
. Weight of | Grams of | V>8erved | tempera- | Tempera- 
ee A ethylic | substance | rotation, | ture of ture of 
— Pa diacetyl- in 100 @p,in observation|observation| [4]p: 
someon, | glycerate,| grams |L00'47 mm.| compared | of rota- 
oe | in grams. | solution. tube. with water tion. 
at 4°. 
=< 
4°8922 | 0 "1651 3 °4 —1-03° | 1°0599 | 15°1° | —28-74° 
9 °4825 2 °3775 25 °0 —5°28 10783 | 15°4 | —19°44* 


| 

Thus, with a concentration of 3°4 per cent., the value for [@]p is 
much greater, and, even with a concentration of 25 per cent., con- 
siderably greater than that exhibited by the pure substance. 

These results are of particular interest, as showing that even in the 
case of two compounds so closely allied as methylic dibenzoylglycerate 
and ethylic diacetylglycerate, there may be this great divergence in the 
optical and cryoscopic properties, according to the solvent employed. 


The experimental results recorded in the previous pages may be 
thus summarised :— 

1. Cryoscopic determinations show that inactive methylic di- 
benzoylglycerate does not exist as a racemised molecule when dis- 
solved in benzene, ethylene dibromide, nitrobenzene, or acetic acid 
respectively. The values for the molecular weight are in all cases 
similar to those obtained under the same conditions for that of 
active methylic dibenzoylglycerate. 

2. The cryoscopic values for the molecular weight of methylic di- 
benzoylglycerate vary according to the solvent and the concentration 
employed. With benzene, all the values are below the theoretical. 
With ethylene dibromide and with nitrobenzene, the values are with 
low concentration below, and with high concentration above the 
theoretical. In the case of acetic acid, the values are, with all con- 
centrations, sometimes above and sometimes below the theoretical. 

3. In all cases, the specific rotation [a]p of active methylic di- 


* This solution stood for 18 hours before examination. 
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benzoylglycerate is more or less affected by the solvent. In the case 
of benzene, the values of [@]p are much in excess, and in that of 
ethylene dibromide and nitrobenzene they are much below the value 
of [@]p for the pure substance. In the case of acetic acid, the values 
for [@]p most closely approximate to that of the pure substance. 

4, Low cryoscopic values for the molecular weight of methylic 
dibenzoylglycerate are accompanied by high values for the specific 
rotation, and vice versd. 

5. This relationship between specific rotation and indicated mole- 
cular weight is borne out by the behaviour of ethylic diacetylglycerate 
in benzene and acetic acid respectively, but in this case the low 
molecular weights and high rotations are obtained in acetic acid, the 
high molecular weight and low rotations in benzene. 

6. The real rotation of the active compound cannot be directly 
calculated from the rotation of its solution, even when the cryoscopic 
examination of that solution shows the molecular weight to be normal. 
Thus for methylic dibenzoylglycerate in acetic acid solutions giving 
normal molecular weights, [@|p was too high, whilst conversely 
in nitrobenzene and ethylene dibromide solutions, giving normal 
molecular weights, the values of [«]p were too low. By graphic 
extrapolation for infinite concentration, as in the diagram on p. 140, 
however, all three solvents give values at any rate approximating to 
the actual specific rotation obtained with the pure substance. In 
the case of benzene, on the other hand, all the solutions examined 
gave molecular weights below the theoretical, and the produced 
rotation curve gives a value for [«]p at infinite concentration which 
departs more widely from the real value than do the produced curves 
for nitrobenzene, ethylene dibromide, and acetic acid. It would 
appear, therefore, that even a moderately accurate estimate of the 
real rotation can only be arrived at by the study of solutions giving 
normal molecular weights, and extrapolating for infinite concentration 
on their rotation curves. 

Thus the real specific rotation of methylic dibenzoylglycerate is 

[a]p = +26°89° at 15°C., 


whilst 

[a ]p calculated by extrapolation from benzene solu- 

SN a d wi chee Rasi \ db 50e 6 68 wees r = +433:3° 
» Calculated by extrapolation from acctic antl 

solution values..........+++ coccccccccce == +279 
» calculated by extrapolation from nitrobenzene 

solution values .........++-- secccececces == $250 
» calculated by eetinaniition from ethylene Pm 

bromide solution values........e0-2++-.02 = +320 
» calculated from mean of the above extrapola- 

I i le i 8 ag sain = +29°4 
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7. Our experiments show that the rotation of an active substance 
may be either raised or depressed by solvents; similarly, the mole- 
cular weight, cryoscopically measured, may be either raised or de- 
pressed by solvents, the variations in the rotation being doubtless 
dependent on the variations in molecular weight. Now, the varia- 
tions in molecular weight can be most consistently explained on the 
assumption of dissociation and association processes taking place, 
both of which may go on concurrently. 

The phenomenon of dissociation is most conspicuously exhibited in 
the case of the benzene solution of methylic dibenzoylglycerate and 
in that of the acetic acid solution of ethylic diacetylglycerate. In both 
cases, the cryoscopic values for the molecular weight are markedly 
below the theoretical figures. The effect of this assumed dissociation 
is in both cases to greatly increase the rotation. The active ion 
must, however, be different in the two cases, as the dibenzoyl- 
glycerate is dextrorotatory, whilst the diacetylgiycerate is lsvo- 
rotatory, although both are derived from one and the same active 
glyceric acid (dextro-). By dissociation of the dibenzoylglycerate, 
the rotation becomes more dextrorotatory, whilst by dissociation of 
the diacetylglycerate the rotation becomes more levorotatory. 

It must not be supposed, however, that the effect of dissociation is 
invariably to increase the rotation ; thus, in Freundler’s experiments 
on the tetra-substituted tartrates, the dissociation was accompanied 
by diminution in the value of [@]p, thus 


Molecular Molecular | [a] from 
weight weight | benzene [a |p real. 
(theoretical). | (cryoscopic). | solution. 
ae 
Propylic diacetyl. | 318 +1°2°, +13°4° 
tartrate | 


(Loe. cit., p. 114). 


If, in the case of methylic dibenzoylglycerate, high values for 
specific rotation are shown by cryoscopic measurement to be accom- 
panied by dissociation, we should naturally infer that low values for 
[a]p must be due to the opposing influence of association.* 

Such low values for [a|p we find in the case of the ethylene 
dibromide and nitrobenzene solutions of methylic dibenzoylglycerate. 
The variation in [%]p for differences of concentration is compara- 
tively small in the case of these two solvents, but such as it is, this 


* Just as there is at present no @ priori means of ascertaining whether dissocia- 
tion will be attended by increase or by decrease in the value of [a]p, so there is 
none for predicting the effect on [a]|p of association. 
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variation takes place in the opposite sense to that which goes on in 
the dissociating benzene solution, for with high dilution in the case 
of ethylene dibromide and nitrobenzene there is a diminution in the 
values for [a|p (see the diagram on p. 140). These low values for 
the specific rotation would thus find the readiest explanation on the 
hypothesis of association becoming more pronounced the greater the 
dilution of the solution. 

Of such association at high dilutions there is, however, no direct 
evidence from the cryoscopic determinations, the indicated molecular 
weights in the case of ethylene dibromide, and still more so in the 
case of nitrobenzene being somewhat below the theoretical value. 
On the other hand, with these two solvents at high concentrations, 
the indicated values for molecular weight are considerably in excess 
of the theoretical. But if these high indicated molecular weights 
were the result of association we ought to find the values for [a]p 
simultaneously falling, whilst, as a matter of fact, they rise with the 
concentration. 

The only polarimetric confirmation of this cryoscopic evidence of 
association which we can find in our experiments is in the case of the 
benzene solutions of ethylic diacetylglycerate. Here the most con- 
centrated solutions give indicated molecular weights in excess of the 
theoretical, the value of {a|p calculated from such solutions being 
less than the value of [«]p for the pure substance, and since the 
dilute solutions give cryoscopic evidence of dissociation accompanied 
by excessive values for [a|p, we can conclude that association and 
deficient values for [@]p are connected, and that the deficient value 
for [a]p with high concentration is confirmation of the association 
cryoscopically indicated. 

Amongst the experimental material furnished by Freundler (loc. 
cit. p. 117) there are the following cases exhibiting cryoscopic 
evidence of association. 

Benzene Solutions. 


’ 
| Molecular Molecular | [a]p measured | [a]p obtained 
Active compound. | weight weight on the with the pure 
| (theoretical). | (found). solution. substance. 
| 
Methylic tartrate. .. 178 411 —8-8° +2°14° 
0-1 +12 °44 


Propylic ae aa 234 306 | +20° 
i 
Ethylene Dibromide Solution. 
Propylic tartrate... 234 | 326 | -O'6 | +12°44° 


Thus, in all the above cases, the cryoscopic determinations afford 
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strong evidence of association, and yet the effect on the rotation is 
quite irregular, for in the benzene solution the effect on the rotation 
of methylic tartrate is negative, whilst in that of propylic tartrate it 
is positive. There is of course nothing surprising in these results, as 
association with the molecules of the same solvent may produce 
opposite rotatory effects in the case of two different active com- 
pounds, and association with the molecules of two different solvents 
may produce opposite rotatory effects in the case of one aad the same 
active compound. 

In his experiments on the tetra-substituted tartrates, Freundler 
finds evidence, in several cases, of dissociation in organic solvents, 
and is of opinion that the dissociation consists in the splitting off of 
the two acid radicles* substituting the two alcoholic hydrogen 
atoms of the tartaric acid. Our experiments, however, clearly show 
that the molecules of the fully substituted glycerates dissociate 
otherwise. Thus, as already pointed out, methylic dibenzoyl- 
glycerate dissociates in beuzene, and the active ion is more dextro- 
rotatory than the undissociated molecule. Ethylic diacetylglycerate, 
on the other hand, dissociates in acetic acid, and the active ion is 
more powerfully levorotatory than the undissociated compound. 
Thus, the two active ions differ not only in sign but enormously 
in degree, whilst, if the acid radicles were split off, the only differ- 
ence in their constitution would be the presence of methyl in the one 
and of ethyl in the other, thus 


CH,-0 C;H,0 CH;-0.C;H,0 
CH-0.C:H.0 
COOCH, COOCc.H, 


Methylic dibenzoylglycerate Ethylic diacetylglycerate 
(dextrorotatory). (leevorotatory). 


But we know that the dextrorotation of the dibenzoylglycerates is 
conditioned by the benzoyl groups, and the methylglyceryl and 
ethylglyceryl ions could not possibly differ in rotation to the extent 
which the ions in question actually do, hence we regard the dissocia- 
tion as almost certainly taking place as indicated below. 


GH 2°OC,H,O CH, OC, H;O 
CUH-OC,H;0 P CH-OC,H;0 
COO CH; COOj|C.Hs 


* This supposition is quite out of harmony with Perkin’s experiments on diethylic 
benzoyltartrate, in which it was found that by hydrolising with an insufficient 
quantity of alcoholic potash benzoyltartaric acid was formed, the ethyl groups being 
eliminated, whilst the benzoyl groups remained attached (Trans., 1867, 20, 141). 
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: SPECIFIC ROTATION OF METHYL DIBENZOYLGLYCERATE IN VARIOUS SOLVENTS 
| (BENZENE, ACETIC ACID, NITROBENZENE AND ETHYLENE DIBROMIDE. ) 
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This process would leave the active ions differing profoundly in eon- 
stitution as they do in rotation. 

We have recently obtained further evidence bearing on this point, in 
connection with the rotation of ethylic monobenzoylglycerate. This 
substance which has been prepared by one of us in conjunction with 
Mr. MacGregor is in all probability the 8-compound, of the formula 


CH,-OC;H;0 
CH-OH 
COOC,H; 
In a state of fusion, the specific rotation of this substance is [a]p 


—9°80°, whilst, with a benzene solution, the following result was 
obtained. 


Density of 

Weight Wei Grams of | Observed solution m 

of eight substance | rotation compared Temp. of 

of ; : om observa- 
benzene tiie in 100 a@pin | with water ti f (ap. 
solution, a grams 198°4 mm. at same yearn 
grams. in grams. | solution. tube. | tempera- semanas 
ture. 
taenis | —a — 

9 *5558 1°3701 14°3 | —0°925° 0 °9194 15 °5° —3°5° 


Thus the activity of the substance in benzene solution was far less 
levorotatory than in the pure state, a circumstance which is quite in 
harmony with the supposition that in benzene solution the molecule 
is more or less dissociated into a C,H;-ion and the complex active ion 
CyH,O;. or, as already pointed out, in these ethereal salts of 
glyceric acid, dextrorotation is conditioned by the presence of 
benzoyl groups in place of the hydroxylic hydrogen atoms; whilst 
levorotation is conditioned by the positive radicles replacing the 
carboxylic hydrogen; now if, in the above substance the benzoyl 
group were split off in the dissociation supposed to take place in the 
benzene solution, then the molecule should become more levo- 
rotatory; on the other hand, if it is the ethyl group that is split off 
we should anticipate that the molecule would become more dextro- 
rotatory by virtue of the more preponderating infiueyce obtained by 
the benzoyl group; and this is precisely what takes place, for in 
benzene solution the substance actually becomes more dextro- 
rotatory, or rather its levorotation is greatly diminished. 


Mason College, 


Birmingham. 
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XV.—The Molecular Volumes of Organic Substances in 


Solution. 
By W. W. J. Nicot, M.A., D.Se., F.L.C. 


THe sixth report of the Committee on Solution presented to the 
meeting of the Chemical Section of the British Association in 
Edinburgh in 1892, contained a short notice of some preliminary 
experiments on this subject. 

My attention was first directed to this question in 1883, when I was 
the first to show that in the case of salts in dilute aqueous solution, 
the difference between the molecular volumes of the salts of any two 
metals is a constant, irrespective of the salt radicles with which the 
metals are combined, and that the same holds good with regard to 
any two salt radicles. In the course of the experiments necessary to 
establish this law, I had occasion to determine the molecular volumes 
of the sodium and potassium salts of formic, acetic, and butyric acids, 
and found that an increase of CH, in the molecular weight was 
attended by an increase in the molecular volume of approximately 
14°3 (Phil. Mag., 1883, 16, 131). At the conclusion of the paper, 
I pointed out that “this method of investigating the molecular 
volumes of salts is, in all probability, capable of extension to organic 
substances, and that, by comparing solutions of various organic 
bodies which differ by one or more CH, groups, or in other respects, 
it may be possible to determine the volume of these differences. 
Such solutions need not necessarily be aqueous.” 

In the Report above referred to (Brit. Assoc. Reports, 1892, 261), 
the following passage occurs: ‘‘ This point appeared worthy of further 
examination, inasmuch as, if dissolved substances are under con- 
parable conditions when the solution is sufficiently dilute, as seems 
most probable from a consideration of the physical properties of such 
solutions, then the apparent molecular volumes in dilute solution 
could be compared in the same way as the molecular volumes at the 
boiling point, and thus the atomic volumes of the varicus elemenis 
could be determined with greater ease and certainty than at the 
boiling point. 

The present communication relates to the increase in molecular 
volume in dilute solution, produced by the successive additions of the 
group CH,, in the ethereal salts, and partakes largely of the nature of 
a preliminary note: the appearance of some recent communications 
on the same and closely allied subjects rendering it necessary that I 
should place on record the work that I have already done. 

The method of investigation is as follows:—Fifty c.c. of the 


fot feed & feed Od 


bh. to 
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solvent is weighed to the nearest milligram, and 2 c.c. of the ethereal 
salt in question is added and again weighed to the nearest milligram. 
The specific gravity of the solution, the composition of which is thus 
known, is determined in duplicate, by means of capped Sprengel 
tubes immersed in a constant temperature bath at 20°, the variation 
of the temperature of which does not exceed +0°01°. The accuracy 
of the specific gravity determinations is shown by the fact that the 
mean difference between any two duplicate determinations does not 
exceed 0°000017. From the composition of the solutions and their 
specific gravities, their molecular volumes are calculated in the 
usual way, and the molecular volume of the solvent being known, 
the differences are the apparent molecular volumes of the dissolved 


salts. 
The ethereal salts were obtained from Schuchardt, and, as far as the 


quantity at my disposal permitted, were fractionated, that fraction 
being used which most closely agreed with the generally accepted 
boiling point: there is, however, every reason to believe that the 
small differences observed below are due, in many cases, to impurities 
present in these salts. 

Table I contains the experimental results; it has not been con- 
sidered necessary to tabulate the composition and specific gravity of 


Taste I.—Molecular Volumes of Ethereal Salts in different Solvents. 


| 
Ethereal salt. gong Xylene. Benzene. | eo 
Methylic acetate ..... 74 80°2 80 *4 80°1 
Ethylic formate...... 74 81:1 82 °0 81 ‘1 
Amylic formate ...... 116 131 *4 133 °3 133 °3 
Butylic acetate*...... 116 131 °9 1340 134°3 
Ethylic butyrateft.... 116 131 °5 132°3 132 °8 
»  oxalate...... 146 136 -Of 135 °6 136 °0 
»  benzoate..... 150 142 *4 142°7 143-0 
» salicylate .... 166 | 147°8 | 148°3 147 *2 
»  malonate*.... 160 — | 161°6 153 °5 
9»  Valerate..o. 130 | 149°4 | 150 °1 150°6 
Amylic acetate....... 130 149 5 | 150°8 150°7 
Ethylic succinate... .. 174 167-0 | 166°2 168 0 
Amylic benzoate ..... 192 191°5 192°1 192 °9 
»  valerate...... 172 200 *3 201°5 203 ‘1 


Water at 20°C = 1, the above = c.c. per gram-molecule. 


each solution, but only the molecular volumes of the ethereal salts 
in the three solvents, xylene, benzene, and 88 per cent. alcohol, on 
the supposition that the volume of the solvent remains constant. 


* Of doubtful purity. t 1 c.c. to 50 c.c. xylene. 
t 1 c.c. to 50 c.c. xylene. 
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In Table II, the results for isomers are collected together; as the 
result of this comparison, it is seen that methylic acetate has a con- 
siderably smaller volume than ethylic formate, a point already 
observed in the case of their molecular volumes at the boiling point, 
and in accordance with the general law observed by Elsasser (Annalen, 
1883, 218, 302) at the ordinary temperature, and by Schiff (cbid., 
1883, 220, 325) at the boiling point, that in the case of isomeric 
salts, the one with the smaller acid radicle has the greater volume. 
That the other isomeric ethereal salts in Table II do not show this 
clearly is probably due to their not being the normal compounds. If 
a comparison be made of the mean values for each set of isomers, we 
find that the first addition of 3CH, is attended by a greater increase 
of volume than the second, which is not observed in the boiling point 
determinations. 


Taste I].—Molecular Volumes of Isomeric Ethereal Salts in different 
Solvents. 


88 per cent. 


Ethereal salt, Xylene. Benzene. alcohol. 


Methylic acetate oo vccecees cece cece 80 °2 80° 80°1 


Ethylic formate .... see.e ss eeeees 8l‘1 - 82 81°1 


Ee ee Ee 80°7 " 80 °6 


Amylic formate.......ssseeeeeeees 131°4 133 °3 
Butylic formate. ........seeeeeeece 131 °9 134 °3 
Ethylic butyrate .........+ se ee eres 131°5 2° 132°8 


131°6 " 133 °4 


Ethylic valerate. .......0..seeeeees 149 °4 : 150 °6 
Amylic acetate........eesesesesees 149°5 " 150°7 


PN 6 ciniesenscenwes sews 149 °5 q 150°7 


Increase for first 3CH3...........+- 50°9 3° 52°8 
for second 3CH,.......... 47 °9 . 47°3 


”? 


Mean value of CHg........ see 16°5 ° 16°7 


In Table III are given the mean values of CH, as obtained from a 
comparison of the homologous compounds, and the final mean may be 
taken as the approximate volumes of CH, in the three solvents. 

Further, Table I contains data relating to four ethereal salts not 
taken into account in the above comparison. Ethylic oxalate, malonate. 
and succinate differ respectively by CH;, comparing the first and last, 
2CH, = 31:0, 30°6, 32°0,in the three solvents, a volume much smaller 
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TasLe Il1.—Mean value of CH, from a Comparison of 


88 per cent. 


Ethereal salts. Xylene. Benzene. alcohol. 


NSS d5 4854'S 6RSSi)00 00:05 5080 16°8 17-1 17°4 
Acetates 17 °3 17°6 17 6 
EEE Oh REPS RE 17°0 17°1 17°5 
ee ek oul ae cnicih cise bee ee as 16 °4 17°1 17°5 
de ca Sea was wares eee 16°5 16°6 16 °7 


Nis bavccce ee chee ares 16°8 17°0 17°3 


than that found above; the cause of this may lie in contraction, 
brought about by the separation of the carboxyl groups, for it is 
evident that the introduction of CH, here, is not comparable with the 
passage from the methyl to the ethyl group. This point requires 
further investigation. A comparison of the volumes of ethylic 
benzoate and salicylate gives the value of the group OH = 5-4, 
5°6, 42. 

The important question as to the reason of the differences observed 
between the volumes of the same substance in the three solvents 
must be left over until the effect of dilution on the molecular volume 
has been fully examined in the case of solvents of widely different 
molecular weight: it is, I believe, closely connected with the question 
of the aggregation of molecules in solution ; the solvent with the 
heavier molecules, xylene, breaking down these aggregations more 
completely, brings about a diminution of the molecular volume. 


XVI.—Action of Sugars on Ammoniacal Silver Nitrate. 
By James Henpsrson, B.Se., 1851 Exhibition Scholar, University 
College, Dundee. 


WuILe recently pursuing a research in which it was essential that 
very small quantities of sugars produced in the course of experiment 
should be estimated quickly and accurately, and as the requirements 
were such as to preclude the adoption of any of the various copper- 
reducing methods, the author was led to undertake this research, 
with the view of discovering a method whereby such an estimation 
could be satisfactorily accomplished. The principle of the method 
adopted in this case, like Fehling’s, is based on the fact that alkaline 
solutions of certain metals undergo reduction when heated with 
certain oxidisible compounds, such, for example, as sugars. Tollens 
VOL. LXIX. M 
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(Ber., 1883, 16, 921) has shown that when dextrose is heated with 
ammoniacal silver nitrate, the number of atoms of silver reduced 
for each molecule of dextrose varies according as a greater or smaller 
excess of the silver solution is employed, as shown in the following 


results which he obtained. 


Ratio of 1 mol. of 
dextrose to atoms 


Silver taken. Silver reduced. of silver. 
104°3 102°44. 12°29 
115°6 108-00 12°96 
176°8* 147°39 17°69 


The quantity of silver nitrate originally taken was thus only 
slightly in excess of that used up by the dextrose. Experiments 
conducted under the above conditions cannot be expected to yield 
very constant results, as the amount of silver nitrate employed in 
each case is evidently insufficient to ensure the complete oxidation of 
the sugar to some definite final stage; it appeared to me, however, 
that this could be readily effected by heating the dextrose for a suffi- 
cient length of time with a fairly large excess of silver nitrate. 
Preliminary experiments were accordingly made with a view to 
determine what influence, if any, time, and the presence of a larger 
or smaller quantity of ammonia exerted on the reduction of the silver 
nitrate by the sugar. A solution of ammonia of sp. gr. = 0°88, 
diluted with three times its own volume of water, was added to a 
given volume of decinormal solution of silver nitrate until the preci- 
pitated oxide was just redissolved ; a known volume of a standard 
solution of dextrose was then added, and the mixed solutions intro- 
duced into a boiling tube, and heated by means of steam issuing 
freely from a small copper boiler, into the neck of which the boiling 
tube was slipped, the greater part of the tube being thus subjected 
tothe action of the vapour. After heating the solution at 100° for 
a definite time, a known volume was taken out by means of a 
pipette, cooled, diluted with water, and the reduced silver collected 
on a filter, and thoroughly washed with distilled water; the mixed 
fillrate and washings were then acidified with strong nitric acid, and 
titrated with N/50 ammonium thiocyanate, iron alum being used as 
an indicator. This strength of ammonium thiocyanate solution was 
used throughout, except in estimating the reducing powers of cane 
sugar, dextrin, and starch, where a decinormal solution was employed. 
This mode of estimating the unreduced silver nitrate was invariably 
used throughout the whole of the research. The influence of time 
on the reducing action of the sugar was first of all ascertained in the 


~ following manner. A known volume of a standard solution of 


* In presence of caustic soda. 
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dextrose was added to 40 c.c. of decinormal silver nitrate, containing 
ammonia just sufficient to keep the precipitated oxide in solution, 
and the mixed solutions heated at 100° in the manner already 
described. Five c.c. of the solution were taken ont at various inter- 
vals, and the amount of unreduced silver nitrate estimated. 


Time of heating Amount of AgNO; N/10 
Dextrose. at 100° C. reduced. 
20 milligrams. 0°33 min. 1°64 c.c. 
— 50 mins. 166 ,, 


This, then, would seem to indicate that with the above ratio of con- 
centration of dextrose to silver, the reducing action of the sugar 
ceases in about half a minute from the start. 

The next experiments were made with the view of ascertaining the 
influence of ammonia on the reducing power of dextrose. A known 
volume of a standard solution of dextrose was mixed with 20 c.c. of 
decinormal silver nitrate containing 5 c.c. of ammonia solution, and 
the mixture heated at 100°. The same volume of ammonia solution 
was added in every case, although the strength of the solution varied 
throughout the series from 1 : 3 to 1: 7. 

Five c.c. were taken out at various intervals, and the excess of 
silver nitrate estimated as before. The final ratio of silver nitrate 
reduced to that remaining in the solution was the same in each case, 
namely, 1 : 2. 


Strength of AgNO, N/15 


Dextrose. ammonia solution. mhnn of Ranting reduced. 
0°33 mins. | 1°92 c.e 

10 milligrams 1:7 7°25 , 1°64 ,, 
12°41 ,, 1°46 ,, 

0-41 , 1°68 ,, 

a) | 1:6 4°00 , 1°44 ,, 
13°05 1°46 ,, 

OSs x 1°64 ,, 

10, 1:5 { 4°75 1°53 ,, 
0°50 1°53 ,, 

10 1:4 { 7°50 1°55 ,. 
0°70 , 1°50 ,, 

” « 1:3 { 5°68 1°49 ,. 
5°41 , 1°67 ,, 

10 a 1:8 14°58 , 1°52 ,, 
27°08 , 1°45 ,, 


| aad 


The results obtained above are sufficient to demonstrate the rather 
interesting fact that, provided the concentration of silver nitrate to 
dextrose remains the same throughout the series, the strength of the 


ammonia solution employed does not appreciably influence the amount 
mM 2 
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of reduction of the silver nitrate; and further, when the above con- 
centration is adopted, it would appear, from the numbers obtained, 
that prolonged heating of the solution affects the reducing power of 
the sugar to a very limited degree. The next series of experiments 
was undertaken with the object of ascertaining the effect produced 
by varying the amounts of dextrose, the quantity of silver nitrate 
taken being the same in each experiment. A known volume of 
dextrose solution was added to 20 c.c. of decinormal silver nitrate 
containing 5 c.c. of ammonia solution, made by diluting ammonia, 
sp. gr. 0°88, with thrice its volume of water. The solution was then 
heated at 100°, 10 c.c. taken out at intervals, and an estimation made 
of the unreduced silver nitrate in that volume of solution. 


Ratio of dextrose 


taken to 
Dextrose. Time of heating. AgNO, N/10 silver nitrate 


reduced, expressecl 
in milligrams. 


8 milligrams 1:3°9 


~ 


cae 
> Sf 
S 
7) 


1:4°1 
1:4°2 


AOndad 


Sasaon 


~ 


From these results we dedace the fact that, provided the amount 
of silver nitrate taken is the same in every case, the amount of reduc- 
tion of the silver nitrate present in the solution is proportional to the 
amount of dextrose present. From the quantity of silver nitrate 
reduced by a given volume of a standard solution of dextrose, we are 
able to calculate the ‘factor ”’ for ammoniacal silver nitrate, that is, 
the number of molecules of silver nitrate which are equivalent to 
1 mol. of dextrose. 

The following series of experiments was undertaken, with the object 
of ascertaining the true value of this factor. 


Ratio of silver 

AgNO; (N/10) | nitrate reduced to 
reduced. that remaining in 

solution. 


Dextrose. AgNO, N/LO. 


: 38°51 
: 3°51 
: 5°62 
: 10°53 
: 2°42 


| 
| 

10 ‘0 milligrams 65 c.c. : 351 
| 
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Five c.c. of ammonia solution of the same strength as before (1 : 3 
were mixed with 30 c.c. of decinormal silver nitrate, and to this was 
added a definite volume of a standard dextrose solution. After heating 
at 100° for eight minutes, the whole solution was cooled, diluted, and 
the reduced silver filtered off, the excess of silver nitrate being esti- 
mated in the usual manner. The following results were obtained. 

The dextrose used in the above experiments was a pure specimen 
obtained by recrystallisation from water. 

With ordinary commercial glucose, the following results were 
obtained. 


Ratio of silver 

AgNO, (N/10) | nitrate reduced to 
reduced. that remaining in 

solution. 


Glucose. AgNO, (N/10). Factor. 


17 °5 milligrams 30 c.c. ‘7 c.c. 1:1°56 120 
10-0, 30 ,, 1:3°34 


12°4 


Taking the mean of the results of the first series, we obtain the 
factor value 11°9. 

Soxhlet (J. pr. Chem., [2], 1880, 21, 227) has clearly established the 
fact that in the case of the reduction of Fehling’s solution by dextrose 
the dextrose equivalent has by no means a constant value, but, on the 
contrary, is entirely dependent on the particular circumstances under 
which the reduction is effected. The causes chiefly affecting the 
reduction of the copper solution in the case of dextrose are dilu- 
tion, concentration of solutions, and the time of heating. As a 
consequence of this, therefore, when estimating dextrose in different 
solutions, the results are comparable only when the experiments are 
conducted under precisely the same conditions of dilution, &c. As 
has already been shown in the case of the reduction of silver nitrate 
by dextrose, the influence of time ceases after 5—10 minutes ; more- 
over, it would appear that, provided the solution be heated for a 
sufficient length of time, namely, 8—10 minutes, and provided also 
that the ratio of concentration of the reduced silver to the silver left 
in the solution does not fall below 1:2, the amount of reduction of 
the silver nitrate is dependent solely on the quantity of reducing 
sugar present in solution. This at once suggests a method for 
the quantitative estimation of dextrose in dilute solutions. 

A series of estimations was next performed for the purpose of 
testing the accuracy of the value obtained for the dextrose factor. 

2°5 c.c. ammonia solution of the usual strength (1 : 3) were added 
to 10 c.c. of decinormal silver nitrate, a known volume of standard 
dextrose solution was then added, and the solution heated at 100° for 
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eight minutes. The reduced silver was next filtered off, and the excess 
of silver nitrate determined by titration. The factor used was that 
obtained in the previous experiments, namely 11°9. 


Dextrose. 


Ratio of silver nitrate used to AgNO, (N/10) 
that remaining in solution. reduced. 


Milligram | Milligram 


3 ‘32 c.c. 
3°25 ,, 
6°23 ,, 


Evidently, therefore, with a ratio varying from 1 : 2 to 1: 3 fairly 
accurate results can be obtained. 


Cane Sugar. 


A pure specimen of cane sugar was prepared by recrystallisation 
from ethylic alcohol. A known volume of a standard solution of 
the pure sugar was heated at 100° for a certain length of time with 
20 c.c. of decinormal silver nitrate and 5 c.c. of ammonia solution 
(1:3); at the conclusion, the solution remained perfectly clear, 
exhibiting no signs of reduction of the silver nitrate, subsequent 
titration of the whole solution proving that no action had taken place. 


AgNO (N/10) 


Cane sugar. AgNO, (N/10). | Time of heating. vedeced 


160 milligrams 20 c.c, 10 mins. 
20,» 20 ,, 25s, 


A dilute solution of cane sugar is therefore incapable of effecting the 
reduction of ammoniacal silver nitrate when the above concentration 
is used, but if stronger solutions of the sugar are used, and more 
especially if the mixed solutions are heated for a longer period, the 
cane sugar begins to be slowly oxidised at the expense of the silver 
nitrate ; this in all probability is due to the slow hydrolysis of the 
disaccharide molecules by the alkali, sngars being formed which of 
course are capable of being oxidised by silver nitrate. This secondary 
action is even more marked in the cas3 of Fehling’s solution ; at first 
no signs of reduction are observable, but, on continued boiling, they 
very soon begin to manifest themselves. This inability on the part 
of the silver solution to effect the oxidation of the cane sugar may be 
utilised as the basis of a method for the estimation of dextrose in 
presence of cane sugar. 
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2°04 grams of dextrose and 4063 grams of cane sugar were dis- 
solved in water, and the solution made up to a litre. A given volume 
of this solution was then heated at 100° with a known volume of 
decinormal silver nitrate and 2°5 c.c. of ammonia solution (1 : 3) for 
a certain time, the reduced silver filtered off, and the excess of silver 
nitrate determined in the usual way. 


| | 
| | Ratio of silver 
ar / AgNO,(N/10)| nitrate reduced 
wee oe AgNO,(N/10).. reduced. | Time. ' to that left in 
Milligrams| Milligrams _-o 
taken. found. ; 


Dextrose. 


8 mins. 


_ 


ANGUS 
He ee 


Cust bo Or 
i 
boo bd 


I ie | 
Soran 


HO O-TN 


as 
~~ 


The presence of cane sugar in the solution appears to retard the 
oxidising action of the silver nitrate to a slight extent. A quantity 
of silver nitrate sufficient to oxidise a known amount of dextrose to 
a certain stage in a given time is incapable of doing so in presence of 
cane sugar in the same time; this retarding action may be remedied 
either by increasing the time of heating, or perhaps better by increas- 
ing the amount of silver nitrate. 


Dextrin and Starch. 

A specimen of ordinary dextrin was purified by dissolving it in 
water, filtering, and precipitating with 90 per cent. alcohol ; the pre- 
cipitate was then washed with strong alcohol and dried in a vacuum 
desiccator. The reducing power of each substance was then esuumatea 
by heating a definite volume of the standard carbohydrate solution 
for eight minutes at 100° with 10 c.c. of decinormal silver nitrate 
and 2°5 c.c. of ammonia solution (1 : 3). 


AgNO; (N/10) 
reduced. 


AgNO, (N/10). 


{ 

Dextrin: 16°2 milligrams........ 10 e.c. 
Starch: 4°05 _,, Pia | 
| 


Hence dilute solutions of dextrin and starch, like cane sugar, do 
not reduce ammoniacal silver nitrate. Reducing sugars can be esti- 
mated, therefore, in presence of either or both of these compounds, 
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Schering’s Levulose. 


The method used in determining the reducing power of this sugar 
was identically the same as that adopted in the case of dextrose. 


Ratio of silver 

AgNO, (N/10)} Time of | nitrate reduced 
reduced. to that left in 

solution. 


Levulose. |AgNO;(N/10). Factor. 


10 milligrams 
10 9 
10 ” 
10 ” 


As with dextrose, the reducing power of levulose is but slightly 
influenced by the time of heating after eight minutes. 


Galactose. 


A pure specimen was obtained by recrystallisation from ethylic 
alcohol. A standard solution of the pure sugar was then prepared, 
and a given volume heated at 100° with 30 c.c. of decinormal silver 
nitrate and 5 c.c. of ammonia solution (1:3). After a certain 
interval, the reduced silver was filtered off and the excess of silver in 
the solution estimated as usual. The results of these experiments 
were as follows. 


Ratio of silver 
nitrate reduced to Factor. 
that left in solution. 


AgNO;(N/10) | ‘Time of 


Galactose. reduced. heating. 


ae 6°70 ,, 
70 4 | 40 ,, 


12 ” 0° 12 07 
S « : 5° 12 ‘08 


| 
10 0 milligrams 6°73 c.c. | 8 mins. :3° 12°11 
| 


Factor = 12°08 (mean). 


As in the case of dextrose and levulose, time exerts little or no 
influence on the reducing power of galactose after eight minutes’ 
heating at 100°. It will be observed that the mean of the values 
obtained for the factor is almost equal to that of dextrose (11:9). 


Lactose. 


The sugar used in these experiments was obtained by recrystallisa-- 
tion from aqueous alcohol. A standard solution of this pure sugar 
was prepared and its reducing power estimated as in the previout 
cases. 
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| poh eee 
} | atlio OF sliver 
‘sq, | AGNO;(N/10)| jp: | nitrate reduced 
Lactose. ti (N/10). sled: | Time. to that left in 
| solution. 
10 milligrams| | ‘70 c.c. . | 8 mins. : 13°80 
” 6S  ,, 16 : 8°54 
Sa 60,, (20 ,, : 7°69 
10 ‘ | *30 ,, | 25 : 6°54 
Poe fF | 15, |380 , : 4°92 
| 


Maltose. 


The specimen of maltose used in these experiments was prepared 
in the following way. A saturated solution of the sugar in alcohol 
was allowed to remain for more than a fortnight in a corked flask; 
the solution was then filtered from the maltose which had separated, 
and the alcohol allowed to evaporate slowly in the air. A standard 
solution of the sugar thus obtained was then prepared, and the 
reducing power estimated in the usual manner. 


| Ratio of silver Factor 
; | nitrate reduced | calcula- 
| Time. | to that left in | ted for 


solution. Cio. 


AgNO; (N,10) 


Maltose. | AgNO; (N/10).| “ao uired 


10 milligrams| 
10 
10 
10 


:17°6 
: 14°69 
: 4°5 


” 
” 


| 
| 
| 
| 
| 


| | 
mins. | : 20°05 | 
| | 
| 


Hence when either lactose or maltose is heated with ammoniacal 
silver nitrate under conditions sufficient to oxidise the same amount 
of any of the monosaccharides, dextrose, galactose, or levulose, to a 
definite final stage, only a very small proportion of the disaccharide 
becomes oxidised. The results of the time experiments in the case 
of lactose and maltose would lead us to suspect a gradual hydrolysis 
ot the sugar by the ammonia as the heating is continued. 

The results obtained may be thus summarised. 


(1) When dextrose, levulose, and galactose are heated with am- 
moniacal silver nitrate under the given conditions, a definite 
factor can be obtained in each case. 

(2) Cane sugar, starch, and dextrin, when heated under the same 
conditions, exert no reducing action on ammoniacal silver 
nitrate. 
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(3) In the case of lactose and maltose a definite factor cannot be 
got, owing to the gradual hydrolysis of the disaccharide 
molecules by the ammonia. 


University College, Dundee, 
December, 1895. 


XVII.—The Molecular Weight and Formula of Phos- 


phoric Anhydride and of Metaphosphoric Acid. 
By W. A. Tinpey, D.Sc., F.R.S., and R. E. Barnett, B.Sc., 
Assoc. R.C.S. 


Phosphoric Anhydride. 


Considerable advances have been made within recent years in the 
study of compounds of the elements belonging to the phosphorus 
group, and among the results established may be remarked especially 
the fact that the oxides generally, and several of the sulphides, con- 
form to the molecular type of the elements themselves, that is, they 
contain four atoms of phosphorus, arsenic, or antimony. The 
formule, As,O;, and Sb,0,, have been established for arsenious and 
antimonious oxides respectively by the vapour density determinations 
published by V. and C. Meyer (Ber., 1879, 12, 1117, 1282). The 
formule, P,O., aud P,O,S,, have in like manner been settled by 
Thorpe and Tutton (Trans., 1890, 57, 551, and 1891, 59, 1022), and 
the lower sulphide has the corresponding formula, P,S., calculated 
from the density of its vapour (Isambert, C.R., 1886, 102, 1386). 
The case of the higher sulphide will be discussed later on. The 
compound described by Thorpe and Tutton under the name of 
phosphorus tetroxide (‘Trans., 1886, 49, 833), is regarded by them as 
having the molecular formula, P,O,, and hence as the analogue of 
nitrogen tetroxide, but no determination of the vapour-density has 
yet been attempted. 

Phosphoric anhydride alone remains unexamined among the com- 
pounds of phosphorus which are volatile without dissociation, but it 
is usually still expressed as pentoxide, P,O;, from analogy with the 
sulphide, the vapour density of which has been determined by V. 
and C. Meyer (Ber., 1879, 12, 610). 

According to Shenstone and Beck (Trans., 1893, 63, 475), phos- 
phoric anhydride usually contains lower oxides of phosphorus; for 
the preparation of the pure oxide we have, therefore, adopted their 
process with slight modifications. The sublimed product, after pass- 
ing together with dry oxygen through the heated platinum sponge, 
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was collected in a narrow tube of hard glass united by means of the 
blowpipe to the end of the combustion tube. When full, this tube 
was drawn off at its junction with the combustion tube, exhausted 
by the Sprengel pump and sealed. Separate small portions could 
then be sealed off for successive experiments. 

The oxide thus obtained was chiefly in the form of a crystalline 
crust adherent to the glass, but also partly in a loosely flocculent con- 
dition. When free from phosphoric acid, it does not melt on the 
application of heat, but sublimes rapidly below a red heat. An 
attempt was made to melt the oxide in a tube attached to an 
apparatus in which it could be exposed to a pressure of nearly 
7atmospheres. On applying the flame of a spirit lamp, however, the 
substance sublimed without melting. 

In order to determine the vapour-density of this substance, it is 
necessary, on account of its extremely hygroscopic nature, to avoid 
contact with ordinary undried air. Platinum is the only available 
substance capable of resisting to a sufficient extent its action at a red 
heat, though even platinum is liable to be corroded, especially in the 
presence of oxygen (Barnett, Trans., 1895, 67,513). Hence peculiar 
difficulties stand in the way of exact determination of the density of 
the vapour of phosphoric anhydride, and the results of our earlier 
experiments were unsatisfactory owing to various causes which it is 
unnecessary to discuss here, being attributable in most cases to in- 
sufficiently high temperature, or to some imperfection in the ap- 
paratus. It may, however, be stated that the value deduced for the 
molecular weight was in every 
case more than double the num- a 
ber, 142, which corresponds to 
the formula, P,Os. 

The method used was Victor 
Meyer’s air expulsion process. 
The apparatus consisted of a cy- 
lindrical platinum bottle, 10 cm. 
high and 6 cm. in diameter, hold- 
ing about 300 c.c. and having 
a tubular neck 40 em. long by 
13 cm. internal diameter. Into 
the end of this platinum tube 
was fitted a glass tube with two 
branches ; one, a narrow bore 
gas-leading tube, a, the other a 
short straight tube b, which could 
be closed by a stopper. The top 
of the glass tube was closed by a 
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rubber stopper traversed by a perforation through which passed, 
gas-tight, a glass rod having a mark upon it so that it could 
always be pushed in to the same extent. The small tube containing 
the substance could be inserted into the rubber stopper from below, 
and would be held in the perforation until pushed out by the glass 
rod. The source of heat was in the earlier experiments a gas 
muffle, but this was afterwards replaced by a gas furnace in which 
the platinum bottle could stand upright. It was found necessary to 
protect the platinum from contact with the furnace gases, and ac- 
cordingly we procured some glazed fireclay cylinders closed at one 
end, into which the bottle would just slide, and with this covering it 
was placed in the furnace. The top of the cylinder projecting into 
the air was packed with asbestos card so as to prevent cooling by 
convection. The expelled air was at first collected over oil of vitriol, 
but as this was inconvenient it was replaced by kerosene of known 
density and vapour-pressure. In order to fill the bottle with dry air, 
a long tube passed through the rubber stopper to near the bottom of 
the bottle. As the end of this tube when wholly of glass was found 
to collapse when hot, about 30 cm. of the lower end was replaced by a 
tube of platinum foil. Bulbs filled with oil of vitriol and phosphoric 
anhydride were connected with the side-branch, and thus a current 
of dried air entered here, passed down into the bottle, and escaped up 
the long tube. This operation was performed after the platinum 
bottle had been heated to the requisite temperature and all was ready 
for the experiment. By making use of the same side-branch and 
long tube at the end of an experiment, the vapour could be expelled 
and the apparatus left ready for a second operation. 

An approximate estimation of the temperature obtained was made 
by means of the melting-points of salts. A few crystals of the dry salt 
were wrapped in a little cylinder of platinum gauze and lowered into 
the bottle when heated. Suspended at a distance of 2 c.m. from the 
bottom, sodium chloride was always melted, while potassium sulphate 
only showed signs of incipient fusion. The latest values for the 
melting-points of these salts are 815° and 1078° respectively 
(V. Meyer, Riddle, and Lamb, Ber., 1894, 27, 3128). It may, there- 
fore, be concluded that the temperature in the later experiments was 
in the neighbourhood of 1000°. 

The little tube containing the phosphoric anhydride having first been 
nicked by a file near one end, and wrapped in a piece of platinum 
foil, was weighed. A crack was then started in the tube by the 
application of a hot rod, the extremity broken off, and the tube in- 
stantly fixed in its place. The glass was weighed after the experi- 
ment was over and it was always found that the two pieces fitted 
together perfectly. 
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The following results were obtained in the manner described. 


Weight of Vol. of air 
phosphoric reduced to Vapour Molecular 
anhydride. O° and 760mm. density. weight. 


0°2533 gram 15°96 c.c. 177°0 354 
506 ,, 1850 370 
1402 ,, 163-0 326 
” 13°83 _,, 153°6 307 
18°22 ,, 163-0 326 
12:38 _,, 167°5 335 
Calculated molecular weight, for P,O; = 142, for PO. = 284. 


Experiments numbered 3, 4, 5 and 6 were made at a temperature 
much higher than 1 and 2. The trustworthiness of 2 is much less 
than that of the others on account of the small quantity of substance 
operated on. For the sake of comparison, a determination of the 
vapour density of mercury was made immediately before the last ex- 
periment, and as it gave the value 99°3, it is obvious that the opera- 
tion was rightly conducted. The numbers for phosphoric anhydride 
therefore undoubtedly point to the formula P,O, for this substance, 
though even at the temperature of bright redness it seems to be only 
imperfectly gasified. 

It seems remarkable that while the 4 atoms of phosphorus remain 
associated in this compound and in the oxysulphide, P,O,S,, dis- 
covered by Thorpe and Tutton, the molecule should divide when the 
whole of the oxygen is replaced by sulphur giving the pentasulphide, 
P.S;. It is noticeable also that the lower sulphide is represented as 
P,S, on the evidence of the vapour density (Isambert, Compt. rend., 
1886, 102, 1386). Now, supposing the molecular constitution of the 
higher sulphide to be P,S,, and that on vaporisation it dissociates 
into P,S, and S,, the vapour density would have the value (7°67) 
found by V. and C. Meyer. The boiling point of the so-called penta- 
sulphide is 530°, and Meyer determined the density at a temperature 
described as a dark red (“ Die Temperatur war so gewiblt, dass das 
Blei dunkle Rothgluth zeigte,” Ber., 1879, 12, 611). A very low red 
heat, as shown by fireclay bricks, corresponds to about 700°. The 
density of sulphur vapour at 606° was found by Biltz, using Dumas’ 
process, to be 4°734; and from estimations through a range of lower 
temperatures it was found steadily to diminish from 7°937 at 467°9°. 
It may fairly be supposed, therefore, that the density of sulphur 
vapour at, say, 650°, assuming this as approximately the temperature 
of the lead bath in Meyer’s experiments on phosphorus pentasulphide, 
would be somewhat less than 4°7, though not very much less, as it is 
evident, on plotting Biltz’s figures on squared paper, that the curve is 
very irregular, and that there has been a sudden fall in value from 
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the figure given immediately before.* Assume the density at a “ dark 
red ” heat to have been 4°5, then equal volumes of such vapour and 
the vapour of P,S, would give a mixture having the mean density of 
4°5+410°9/2 = 7°7, which is almost exactly the value found by V. 
and ©. Meyer. The vapour of phosphorus sulphide is brownish- 
yellow, and, though paler, is similar in colour to sulphur vapour. 
Altogether the proof that the highest sulphide of phosphorus is a 
pentasulphide is far from complete, and certainly the density of its 
vapour cannot be accepted as evidence bearing on the case of the 
corresponding oxide. 


Metaphosphoric acid. 

In the course of preparing successive batches of phosphoric anhy- 
dride, our attention was repeatedly drawn to the presence of drops of 
liquid in the front part of the tube when the distillation was con- 
ducted at too high a temperature. On these occasions the fused, 
glassy residue usually left in the platinum boat was not to be seen, 
and we came to the conclusion that the drops consisted of metaphos- 
phoric acid, and that this compound is far more readily volatile than 
is commonly supposed. H. Rose, it is true, states (Annalen, 1850, 
76, 2, 13, and 1851, 77, 319) that metaphosphoric acid volatilises at 
a bright red heat, but it has never been regarded as a compound that 
could be easily distilled. With the knowledge of this fact, however, 
we thought that it might be possible to take the vapour density, and 
that the “results would be interesting. 

The acid was prepared by dissolving commercial phosphoric anhy- 
dride in nitric acid, evaporating the solution in a platinum dish until 
the liquid ceased to evolve bubbles of vapour, and then boiling away 
about half of it in a platinum crucible heated to redness. Samples 
of the residue were then quickly taken out by means of a little 
platinum dipper, dropped into a small tube of platinum foil, and 
immediately enclosed in a glass tube, which was sealed up and 
weighed. 

Two determinations of density made at a bright red heat gave the 
following results. 


Calculated for. 
L. IT. HPO;  HsP:0,  H,P,O». 
76°8 78°2 40 80 160 


* The three last values given in Biltz’s table (Ber., 1888, 21, 2017) are as fol- 
lows :— 
Temperature...... 580°9° Density....+. 5°607 
ii of} aeabee, (ae 
at, detean, ai inten: ae 


from which it is clear that great accuracy cannot be claimed for these results. 
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Experiments showed, however, that the acid prepared in this man- 
ner was liable to vary in composition as to the percentage of anhy- 
dride it contained. It was therefore necessary to analyse every 
specimen of the phosphoric acid of which the vapour density was 
taken; in all cases it was found that it contained a quantity of 
anhydride in excess of the amount, 88°75 per cent., which corresponds 
to the formula (HPQ;),. 

The two following series of experiments were made on two 
different preparations. 


Sample I. 


00978 gram gave v.d..... 716) 1 = 70: 
5 0-—-a aay ee 
1-4792 » 90°18 per cent. of phosphoric anhydride. 


Sample II. 
00861 gram gave v. d..... B07} Mean 24 wie 


00719 na n ocve’ OT 
1:2997 is 90°94 per cent. anhydride ] Mean = 90°86 per 
0:7880 “ 90°79 ‘i - cent. anhydride. 


Sample I contains therefore 87°25 per cent. (HPOs;),, and 12°75 per 
cent. anhydride, corresponding to 12H,P,0,,P,0.; and Sample 
II has 81:2 per cent. (HPO;),, and 18°8 per cent. of anhydride, 
corresponding to 8H,P,0.,P,0,). approximately. 


It is obvious from the three series of experiments, that although 
the composition of metaphosphoric acid varies a little, the vapour of 
this substance consists chiefly of a dimetaphosphoric acid, H,P,0,, 
which is apparently liable to undergo partial dissociation at a high 
temperature, and even during ebullition to part with a small quantity 
of water. 

Constitution. 


It is, perhaps, idle to speculate as to the possible constitution of 
compounds such as the oxides and acids of phosphorus, but a few 
words may not be out of place. 

The group of 4 atoms of phosphorus is a very stable form of struc- 
ture, inasmuch as it bears very high furnace temperatures without 
breaking up. It is only at a white heat that there is evidence of 
even incipient dissociation (Biltz and V. Meyer, Ber., 1889, 22, 
725). 

The molecule of phosphorus being represented as 

= ~ P= 
Es 


=p — P= 
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it is evident that there are but 12 units of disposable valency. This can 
only provide for the accession of 6 atoms of oxygen, unless we assume 
either the linkage of oxygen to oxygen in a chain, or the disruption 
of the bond between the phosphorus. The former is so improbable a 
hypothesis in the present instance that we are reduced to the latter, 
and the formule of the two oxides assume the following shape, in 
which the dot represents phosphorus, 


P,Og. P, Oo. 


Formuls somewhat in this sense have already been suggested for 
P,O, by Thorpe and Tutton (Trans., 1890, 57, 563). On the intro- 
duction of water the molecule of phosphoric anhydride is divided into 
two parts, and metaphosphoric acid results, which, from the formula 
given above for the anhydride, would have the constitution I. 


From this the usual formula for pyrophosphoric acid, IT, is immedi- 
ately derived. 


Royal College of Science, 
London. 
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XVIII.—On y-Phenoxy-derivatives of Malonic acid and 
Acetic acid, and various Compounds used in the 


Synthesis of these Acids. 
By Witusam Henry Beytiey, Epwarp Haworra, and Wittiam Henry 
PERKIN, jun. 


TuIs paper contains a description of a number of compounds which 
were prepared in the course of a research, not yet completed, on 
the synthesis of methylisopropyltetramethylenedicarboxylic acid, 
CH,C(CH;)-COOH 
CH.-C(C;H,)‘-COOH’ 
fact that its formula was for a long time considered as the most 
probable expression of the constitution of camphoric acid. 

Our idea in attempting to synthesise this acid was to prepare in 
the first instance #2,-methylisopropyladipic acid, 


COOH-CH(CH;):CH,CH,"CH(C,H;)*COOH ; 
to brominate this acid and then to treat the dibromo-acid thus formed 
with finely divided silver. 


CH»CBr(CH,)COOH | ,, ,_ CH,G(CH,)COOH 
CH,-CBr(C,H,)‘COOH * ~~ © ~ CH,-C(C;H,):COOH 


In attempting to synthesise «a,-methylisopropyladipic acid we have: 
met with unexpected difficulties. 

It was known from the work of Bevan Lean (Trans., 1894, 65, 997 ; 
compare also Perkin and Prentice, Trans., 1891, 59, 819, and Guth- 
zeit and Dressel, Annalen, 1890, 256, 180—188), that, starting with 
ethylic butanetetracarboxylate, 

(COOC.H;),CH’CH,-CH,,CH(COOC,Hs)., 
and treating this ethereal salt with sodinam ethoxide and methylic 
iodide, and then again with sodium ethoxide and isopropylic iodide, 
it was not possible to obtain ethylic methylisopropylbutane tetra- 
carboxylate from which the desired acid could easily have been pre- 
pared, because when this ethereal salt (1 mol.) is treated with sodium 
(1 atom) and methylic iodide (1 mol.) the dimethyl] derivative, 
(COOC,H;).C(CH;)-CH,*CH.°C(CH;) (COOC,Hs)., 

is at once produced with regeneration of half of the ethylic butane- 
tetracarboxylate, so that it was found necessary, in order to prepare 
methylisopropyladipic acid, to resort to indirect methods. The 
following experiments were therefore instituted, and although many 
of them gave interesting results, we have not been able, so far, in any 
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This acid possesses especial interest from the 


+ 2AgBr. 
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case to obtain sufficient of the methylisopropyladipic acid for analysis 
and an examination of its properties. 

(1) The action of sodium ethoxide and ethylene dibromide (or 
chlorobromide) on various mixtures of ethylic methylmalonate and 
ethylic isopropylmalonate was studied in the hope that, in this way, 
ethylic methylisopropylbutanetetracarboxylate might be formed. 


(COOC.H;),CNa-CH, + BrCH,-CH,Br + CNa(C;H,;)(COOC,H;), 
= (COOC,H;).C(CH;)-CH.°CH,°C(C;H;)(COOC,H;). + 2NaBr. 


but, at the most, only very small quantities of this ethereal salt could 
be obtained, and from it no well detined acid could be isolated. 

(2) Methylbutyrolactone, ere gad was prepared and 
converted into ethylic y-bromethylmethylacetate by treatment with 
hydrogen bromide and subsequent etherification ; this ethereal salt 
was then digested with the sodiam derivative of ethylic isopropyl- 
malonate, when it was anticipated that the following decomposition 
would take place. 


(COOC,H;),CNa-C,;H,; + BrCH,-CH,-CH(CH;)-COOC,H, 
= (COOC,H;).C(C,;H;)*CH,°CH,-CH (CH;)-COOC,H;. 


From this ethylic methylisopropylbutanetricarboxylate, the desired 
acid could then be obtained by hydrolysis and elimination of 1 mol. 
of carbon dioxide. 

Unfortunately, during this reaction, the brom-ethereal salt is evi- 
dently for the most part decomposed into methylbutyrolactone and 
ethylic bromide, so that in this instance again very small quantities 
only of an ethereal salt of high boiling point were obtained. 

Some considerable difficulty was experienced in preparing methy]- 
butyrolactone, and a number of experiments on the action of glycol 
chlorhydrin on the sodium compounds of ethylic methylmalonate, 
and ethylic methylacetoacetate, under widely different conditions, 
failed to give condensation products from which this lactone might 
readily have been prepared by hydrolysis. 

Ultimately considerable quantities of Pn eee were 
obtained in the following way :— 

B-Bromethyl phenyl ether was first prepared by the sili of 
ethylene dibromide on sodium phenoxide in alcoholic solution, 


C,.H;;ONa + BrCH,°CH,Br = C.H,'O-CH,°CH,Br + NaBr, 


and from this, by digesting it with the sodium compound of ethylic 
methylmalonate, ethylic y-phenoxyethyl-a-methylmalonate was ob- 
tained. 


C,.H,-O-CH,-CH,Br +> NaC(CH;)(COOC,H;)s — 
(,H,-O-CH,-CH,-C(CH,)(COOC,H;): + NaBr. 
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This ethereal salt on hydrolysis yields the corresponding acid, which, 
when heated at 180°, loses 1 mol. of carbon dioxide with formation of 
y-phenoxyethylmethylacetic acid, C.H;-O-CH,°CH..CH(CH;)-COOH ; 
the latter, by the action of fuming hydrobromic acid, is decomposed 
into phenol and y-bromethylmethylacetic acid. 


C,H,;'O-CH,*CH.-CH(CH;)-COOH + HBr a C,H;-OH a 
BrCH,CH,CH(CH;)-COOH. 
Boiling with sodium carbonate solution readily decomposes this 
bromo-acid with formation of methyl butyrolactone, 


BrCH,-CH,CH-CH, _ CH,CH,-CH-CH; 
OOH ”§ O CO 
After these experiments had been completed, a paper by R. Marburg 
appeared in the Berichte (1895, 28, 8) describing a different method 
for preparing methylbutyrolactone, which is briefly as follows :— 
Ethylene dibromide is digested with the sodium derivative of ethylic 
methylmalonate, when the product of the action is found to contain 
ethylic y-bromethylmethylmalonate, 


CH,Br-CH,Br + NaC(CH,)(COOC,H,), = NaBr + 
CH,Br-CH,-C(CH;)COOC,H;),. 


This etbylic salt, on hydrolysis with baryta water, yields the bariam 
salt of y-hydroxyethylmethylmalonic acid, 


CH,(OH)-CH,-C(CH;) (COO),Ba. 
The free hydroxy acid is not capable of existence, as, on acidifying 


its barium salt, it at once decomposes with elimination of water and 
formation of a-methylbutyrolactonecarboxylic acid, 


CH,CH,0(CH;)-COOH, 

O CO 
and this on dry distillation yields methylbutyrolactone with evolution 
of carbon dioxide. The properties of the substance prepared in this 


way are identical with those of the methylbutyrolactone obtained by 
us by the method described above. 


+ HBr. 


During the course of this investigation many difficulties were 
encountered which necessitated the preparation and examination of 
a number of substances which at first sight may appear to have little 
connection with the synthesis meationed above. Such of these sub- 
stances as are mentioned in this communication may be tabulated 
for the sake of reference, they are the following :— 


Glycol phenyl ether, C5H;-O-CH,*CH,OH. 
B-chlorethyl phenyl ether, CsH;*O-CH,*CH,Cl. 
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B-bromethyl phenyl ether, C.H,*O-CH,-CH,Br. 

Ethylene diphenyl ether, C,H,°O-CH.°CH,°0:C,H;. 
Methylene diphenyl ether, CsHs*O*CH,°O°C,Hs. 
y-Phenoxyethylmalonic acid, CsH;-O'CH,CH,CH(COOH).. 
y-Phenoxybutyric acid, C,H,»O-CH,CH,CH,-COOH. 
vactone, (ut CH OH: 

Butyrolactone, db bo * 

Diphenozyethylmalonic acid, (CsH;0-CH,'CH;),C(COOH)>. 
Diphenoxyethylacetic acid, (CsHs;0°CH,CH,),CH’COOH. 
B-Phenoxyethyl-y-hydroxybutyric acid, 


CH,OH-CH 
C.H,0-CH,-CH,> CH'COOH. 


B-Ethoxryethyl phenyl ether, C5H;-O°'CH,CH,°0-C,H;. 
-Phenoxyethyl-a-methylmalonic acid, 
C.H,0-CH,"CH,°C(CH;) (COOH).. 
y-Phenoxyethyl-a-methylacetic acid, 
C,.H;'0-CH,CH,-CH(CH;)-COOH, 
CH “CHyCH-CHs 


Methylbutyrolactone, _éo 


a-Methyl-y-bromobutyric acid, CH,Br'CH,-CH(CH;)-COOH. 


A few of the above compounds have been prepared previously, and 
in these cases we have only given details where we have been able 
to effect improvements in the preparation. 

We are still engaged in experiments on the preparation of methy]l- 
isopropyltetramethylenedicarboxylic acid, and hope soon to be able to 
lay before the Society an account of the resultsfobtained. 

At the same time we are continuing the examination of some of the 
substances tabulated above, and especially interesting results are 
anticipated from the study of the hydrolysis of diphenoxyethylacetic 
acid. 

Glycol Monophenyl Ether, C§H;*O-CH,CH,°OH. 

To obtain this substance, sodium (1 atom) was dissolved in ethylic 
alcobol, phenol (1 mol.) and glycol chlorhydrin (1 mol.) added, and the 
mixture heated in a reflux apparatus until neutral. The alcohol was 
then distilled off, water added, and the product extracted with ether. 
After washing well, first several times with dilute caustic soda to 
remove phenol, and afterwards with water, the ethereal solution was 
evaporated, and the residue distilled under diminished pressure; the 
whole distilled between 163° and 166° (80 mm. pressure), the yield 
being very good. A portion boiling at 165° was collected for analysis, 
and gave the following numbers. 
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0°1316 gave 0:0864 H,0 and 0°3358 CO,. C = 6959; H = 7:28. 
C,H,,0, requires C = 69°56; H = 7:24 per cent. 


This ether is a colourless, thick, oily liquid, insoluble in water, but 
readily soluble in ether or alcohol. 


B-Chlorethyl Phenyl Ether, C,sH;*O-CH,°CH,Cl. 


This has already been obtained by Henry (Bull. Soc. Chim., 1883, 
40, 323) by treating potassium phenoxide with ethylene chloro- 
bromide ; in preparing large quantities of this compound we operated 
as follows. 

To an alcoholic solution of sodium phenoxide (1 mol.) ethylene 
chlorobromide (1 mol.) was added, and the mixture heated on the 
water bath ina reflux apparatus; sodium bromide immediately began 
to separate, and after about two hours boiling the mixture was 
neutral. The alcohol was now distilled off, water added, and the 
product extracted with ether; the ethereal solution, washed with 
caustic soda to remove phenol, and afterwards with water, was dried 
over calcium chloride, evaporated, and the residue distilled. The 
chief portion boiled between 210 and 230°, but there was a considerable 
residue, which solidified after a time, and consisted of ethylene di- 
phenyl ether (see p. 166); on redistilling the fraction 210—230°, it 
was found that it boiled at 220°, and on standing some time nearly the 
whole of the distillate solidified to a beautiful white, crystalline mass, 
melting at 28°. 

0'2501 gave 0°2305 AgCl. Cl = 22°8. 

C,H,OCI requires Cl = 22°75 per cent. 


The crystals are very readily soluble in light petroleum, benzene, 
and alcohol. Henry (loc. cit.) gives the melting and boiling points 
of this substance at 25° and 221° (754 mm.) respectively. 


B-Bromethyl Phenyl Ether, C§H;O-CH,°CH,Br. 


This substance is prepared in a manner exactly similar to the 
chlorinated derivative, using ethylene dibromide in place of ethylene 
chlorobromide. During the operation, large quantities of vinylic bro- 
mide, formed from the ethylene dibromide by the removal of hydrogen 
bromide by the sodium phenoxide, issue from the condenser, and, 
owing to this secondary action, large quantities of unchanged phenol 
are found in the product; as this interferes considerably with the 
fractionation of the product if it is not entirely removed, care 
must be taken to wash the ethereal solution repeatedly with dilute 
soda, until it is quite free from phenol. The product is then frac- 
tionated under diminished pressure, as the bromide decomposes if 
distilled under the ordinary pressure. The fraction distilling at 
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140—150° (at 40 mm.) is collected; the residue which solidifies is 
described later. On redistillation, the bromide boiled almost con- 
stantly at 144° (at 40 mm.), and gave the following numbers on 
analysis. 
0°2124 gave 0:1991 AgBr. Br = 39°89. 
C,H,OBr requires Br = 39°8 per cent. 


B-Bromethyl phenyl ether is a white, crystalline substance, melting 
at 35°. It possesses in a very high degree the property of superfusion, 
a pure sample having been kept liquid in a bottle for several weeks; 
on removing the stopper the whole solidified with considerable evolu- 
tion of heat. The yield of bromide obtained by the above method i is 
about 20 per cent. of the theoretical. 

B-Bromethyl phenyl ether was first prepared by Weddige (J. pr. 
Chem., 1881, [2], 24, 242), by the action of ethylene bromide on 
sodium phenoxide, but the details of the preparation and purifica. 
tion as given by him are troublesome; after many experiments the 
above method of procedure was found to be the most convenient. 
According to Weddige, the ether melts at 39°, and distils at 240—250°, 
undergoing decomposition and evolving hydrogen bromide. 


Ethylene Diphenyl Ether, CsHs-O-CH,-C H,OC,Hs. 


The residue left after distillation of the 8-brom- (or f-chlor-) ethyl 
pheny] ether solidifies to an almost colourless crystalline mass, which 
can be readily crystallised from light petroleum (b. p. 100—120°), in 
which it is easily soluble on boiling, but almost insoluble in the cold. 
After repeated recrystallisation, the product melted at 96°, and gave 
the following numbers on analysis. 


0°1402 gave 04025 CO, and 0:0828 H,O. C = 78:29.; H = 6°56. 
C,,H,,O; requires C = 78:5; H = 6°54 per cent. 
Burr (Zeit. fiir Chem., 1869, 165), who first prepared this substance, 


gives the melting point as 98°5°, whereas Lipmann (Zeit. fiir Chem., 
1869, 447) states that it melts at 95°. 


Action of Methylene Chloride and Methylene Iodide on Sodium Phen- 
owide. 


Methylene Dipheny!l Ether, C§H¢O°CH,-O-C,H;. 


These experiments were instituted in the hope of obtaining chloro- 
methyl phenyl! ether and iodomethyl phenyl ether, substances which 
were required for a series of synthetical experiments. 

Methylene iodide, CH,I,, and methylene chloride, CH;Cl,, were 
treated with sodium phenoxide, in proportions theoretically required 
to form C,H,°O-CH,I and C,H,-O-CH,Cl. In the former case, the 
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mixture was heated on the water bath in a reflux apparatus, but when 
the chloride was used the mixture was heated in soda-water bottles 
in boiling water for five hours; the product was isolated exactly as 
described in the case of the preparation of 8-bromethyl phenyl] ether 
from ethylene dibromide. In the present case, however, the sodium 
phenoxide, curiously enough, acts on one half of the iodide or chloride 
only, and leaves the other half unchanged ; methylene diphenyl] ether 
being the sole product of the action. This compound is a colour- 
less, syrupy liquid boiling at 205°, under a pressure of 50 mm. When 
cooled to 0° it solidifies to a colourless, crystalline mass, which melts 
at about 15°. The following numbers were obtained on analysis. 


0°1187 gave 0°3377 CO, and00715 H.0. C = 77:59; H = 669. 
01523 ,, 04334 , ,, 0°0810 ,, C = 7761; H = 591. 
C,;H,,0, requires C = 78°00; H = 6:00 per cent. 


Attempts were subsequently made to obtain C,H,-O-CH,Br from 
the compound just described by treating it with hydrogen bromide 
under various conditions, but in this we were unsuccessful, as, even 
when we used the theoretical quantity of hydrogen bromide dissolved 
in acetic acid, one-half was converted into methylene dibromide and 
the other half remained unchanged. 

Methylene diphenyl ether has been described by Henry (Ann. Chim. 
Phys., 1883, [5], 30, 269) and by Arnhold (Annalen, 1887, 240, 201) 
as a liquid boiling at 293—295°. 


y-Phenoxyethylmalonic acid, C,H,O-CH,°CH,,CH(COOH),. | 


This substance is easily prepared as follows :—Ethylic malonate 
(13 grams) is added to sodium (2 grams) dissolved in alcohol (25 
grams), and the mixture treated with f-bromethyl phenyl ether 
(14 grams). The whole is then heated on the water bath in a 
reflux apparatus till neutral, after which it.is cooled, diluted with 
water, and the oil which separates extracted with ether; the ether 
is evaporated, and the light yellow, oily residue hydrolysed by boiling 
with alcoholic potash (14 grams) for two hours. The alkaline solu- 
tion is evaporated with water until all the alcoho] has been expelled, 
and is then acidified and extracted with ether; the ethereal solution 
is dried over calcium chloride, the ether boiled off, and the resulting 
oil poured into a basin when it quickly solidifies. Finally the sub- 
stance is purified by crystallisation from xylene from which it 
separates in minute needles melting at about 142° with slight evolu- 
tion of gas. 

Analyses. 


0°1168 gave 0°2520 CO, and 0:0586 H,O. C = 58°84; H = 5°39. 
C.H,0-CH,yCH,CH(COOH), requires C = 58:93; H = 5°35. 
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y-Phenoxyethylmalonic acid is sparingly soluble in cold, readily in 
hot water; it is very sparingly soluble in benzene, and almost in- 
soluble in light petroleum, but it dissolves very easily in alcohol and 
ethylic acetate, and is fairly soluble in ether. 


y-Phenoxybutyric acid (y-Phenoayethylacetic acid), 
C,.H;0-CH,CH,CH,COOH. 

This acid was readily obtained on heating y-phenoxyethylmalonic 
acid at 150—160° until the rapid evolution of carbon dioxide had 
slackened, and then finally raising the temperature to 200° for a few 
minutes; the residual syrup, which was of a pale brownish colour, 
solidified to a hard mass on cooling. It was easily purified by re- 
crystallisation from light petroleum (b. p. 100—120°), from which it 
separates in thin plates melting at 64—65°. 

0°1346 gave 0°3282 CO, and 0:0808 H,O. C = 6650; H = 667. 
C,H;0-CH,CH,CH,-COOH requires C = 66°66; H = 6°66 percent. 

y-Phenoxybutyric acid is sparingly soluble in cold water, easily in 
hot, and, on cooling, separates in the flocculent condition. It is easily 
soluble in benzene, ethylic acetate, alcohol, and acetic acid. , 

CH,CH,-CH, 
Butyrolactone, b- bo . 

A number of experiments were conducted with the object of dis- 
covering the best possible means of replacing the phenoxy-group in 
y-phenoxybutyric acid by the hydroxy-group; in this case the y-hy- 
droxybutyric acid formed would immediately lose water, yielding 
butyrolactone. 

The following method gave the best results. -Phenoxybutyric 
acid (25 grams) was gently heated on the water bath with fuming 
hydrobromic acid (60 c.c.) in a reflux apparatus for about eight hours, 
and afterwards for the same length of time on the sand bath. On 
cooling and diluting with water, a heavy black oil separated which 
was extracted with pure ether, and the ethereal solution washed with 
water. The ethereal solution was then extracted several times with 
a strong solution of sodium carbonate, the extracts boiled with 
animal charcoal for 12 hours, and the liquid filtered from the animal 
charcoal; the pink filtrate, after being evaporated to a small bulk, 
was extracted with ether to remove phenol, and then acidified and 
again extracted repeatedly with pure ether. This ethereal solution 
‘was dried over calcium chloride, the ether removed by evaporation, 
and the residual oil (about 5 grams) fractionated. Practically the 
whole of the oil distilled between 204° and 206° at the atmospheric 
pressure, and a sample of the oil boiling at 205° yielded the following 
results on analysis. 
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0:1020 gave 02090 CO, and 0:0646 H,O. C = 55°88; H = 7:03. 
C,H,O, requires C = 55°81; H = 6°97 per cent. 
The substance was, therefore, evidently y-butyrolactone, which, 
according to Fittig and Roeder (Annalen, 1885, 227, 22), boils at 
206°. 


Diphenoxyethylmalonic acid, (CesH;O°CH,CH,),C(COOH).. 


This acid has been prepared in considerable quantities; the method 
we usually employed being as follows :—Ethylic malonate (16 grams) 
is added to sodium (2°3 grams), dissolved in alcohol (30 grams), and 
the mixture heated with A-bromethyl phenyl ether (20 grams) on 
the water bath till neutral; the product is then cooled and again 
treated with sodium (2°3 grams), dissolved in alcohol (30 grams), 
and B-bromethyl phenyl ether (20 grams), and the mixture once more 
heated on the water bath till neutral. On adding water, a heavy oil 
separates ; this is extracted with ether, the ether removed by eva- 
poration, and the oily residue hydrolysed by boiling with alcoholic 
potash (17 grams). After removing the alcohol by evaporation with 
water, the solution is acidified, and the copious white precipitate of 
crude diphenoxyethylmalonic acid thus produced is collected, washed 
with water, and dried on a porous plate until quite free from oily 


impurity. It is then purified by recrystallisation from 50 per cent. 
acetic acid from which it separates in rhombic prisms melting and 
decomposing at 150°. 


01266 gave 0°3098 CO, and 0°0680 H,O. C = 66°44; H = 5:96. 
(C,H;O-CH,-CH,),C(COOH), requires C = 66°28; H = 5°81 percent. 


Diphenoxyethylmalonic acid is almost insoluble in cold water, very 
slightly soluble in bot water or benzene, and almost insoluble in light 
petroleum; it is moderately soluble in ether, ethylic acetate, and 
alcohol, and is extremely soluble in acetic acid. It is reprecipitated 
by water from its alcoholic and acetic acid solutions. 


Diphenoxyethylacetic acid, (CsH;0-CH,-CH,),CH-COOH. 


This compound was prepared by heating diphenoxyethylmalonic 
acid at 180° until carbon dioxide ceased to be evolved; the brown, 
syrupy residue solidified completely on cooling, and was readily puri- 
fied by recrystallisation from light petroleum (b. p. 100—120°), from 
which it separated in feathery groups, melting at 88°. 


0°1054 gave 0°2788 CO, and 0:0625 H,O. C = 72:14; H = 659. 
(C,H,O’CH,’CH,),CH:'COOH requires C = 72°00 ; H = 6°66 per cent. 


Diphenoxyethylacetic acid is insoluble in cold, and only sparingly 
soluble in hot, water; it is sparingly soluble in cold, light petroleum, 
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easily in the hot liquid, and very soluble in benzene, ethylic acetate, 
alcohol, and acetie acid; its alcoholic and acetic acid solutions yield 
flocculent precipitates when diluted with water. 


— OH:-CH,;: 
B-Phenoxyethyl-y-hydroxybutyric acid, 0.8,0-CH-CH>o H-COOH. 


This substance was obtained accidentally in examining the product 
formed by heating a sample of crude diphenoxyethylacetic acid in a 
sealed tube with a solution of hydrogen chloride in acetic acid for 
some hours at about 130°; the contents of the tube were diluted with 
water, and the dark, heavy oil which was precipitated was extracted 
with ether, the ethereal solution washed repeatedly with water to 
remove acetic acid, and the ether evaporated. The dark, oily residue 
was then boiled with a strong solution of sodium carbonate for 
a considerable length of time, in order to remove chlorine. The 
alkaline solution was now extracted with ether, to remove phenol, 
acidified, extracted with ether, and the ethereal solution dried with 
calcium chloride and filtered; shortly afterwards it was observed 
that crystals were separating from the ethereal solution; these were 
collected, washed with ether, dried on a porous plate, and recrystal- 
lised twice from benzene, in which it dissolves but slightly. It 
crystallises in prisms, which melt at 112°, but sinter several degrees 
below this temperature. 


0°1083 gave 0°2578 CO, and 0:0716 H,O. C = 6492; H = 7:35. 


OH Fon CH> CH-COOH requires C = 64-28 ; H = 7:14 per cent. 
5 


When pure, this substance is ulmost insoluble in ether, very 
sparingly soluble in light petroleum, but moderately easily in water. 

The silver salt, C\.HjsAgO,, was prepared by precipitating an 
aqueous solution of the ammonium salt with silver nitrate; it is 
moderately soluble in hot water, and crystallises on cooling in white 
tufts. 


0°1092 gave 0°0358 Ag. Ag = 32°78. 
C,.H,AgO, requires Ag = 32°63 per cent. 


With copper sulphate solution, the aqueous solution of the ammo- 
nium salt gives a bluish-white precipitate, which dissolves on boiling, 
and separates out again on cooling, apparently not in the crystalline 
condition. 

Lead acetate solution gives no precipitate at first, but, on standing, 
a white, crystalline salt gradually separates; this redissolves on 
boiling, and crystallises out again on cooling. 

Barium nitrate and calcium chloride give no precipitate with the 
aqueous solution of the ammonium salt. 
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Action of B-Bromethyl Phenyl Ether on the Sodium Derivative of 
Ethylic Methylmalonate. 


Ethylic +-Phenoxyethyl-a-Methylmalonate, 
C,H;,0-CH,°CH,°C(CH;)(COOC,Hs).. 


This substance is obtained when the bromo- or chloro-ether, 
C.H,°O-CH,-CH,Br or C,H;-O-CH,CH,Cl (1 mol.), reacts with the 
sodium derivative of ethylic methylmalonate (1 mol.) in alcoholic 
solution. In the case of the chloride, the action proceeds slowly, six 
hours boiling being required to complete it, but in the case of the 
bromide, it sets in on gently warming, and is so vigorous as to main- 
tain the mixture at the boiling point for some time; when the decom- 
position is complete, water is aided, and the oily product is extracted 
with ether. The ethereal solution is washed with water, dried over 
calcium chloride, evaporated, and the residual oil fractionated under 
reduced pressure, when the bulk of it distils at 230° (45 mm.) as a 
colourless, thick oil, which, on analysis, gave the following numbers. 

0°1392 gave 0:0927 H,O and 0°3318 CO,. C = 65°01; H = 7°39. 

C,.H2O, requires C = 65°3; H = 7°48 per cent. 

Ethylic y-phenoxyethyl-a-methylmalonate is a colourless syrup, which, 
even on long standing, showed no signs of crystallising. 

During the fractionation of the crude product of the action of phen- 
oxyethylbromide on ethylic sodiomethylmalonate, a considerable quan- 
tity of an oil of low boiling point was obtained, which, on subsequent 
fractionation under the ordinary pressure, was found to contain, besides 
ethylic methylmalonate, a liquid free from halogen, and boiling at 
about 230°. In order to free this substance from ethylic methyl- 
malonate, it was boiled with excess of alcoholic potash for four or 
five hours, when a large quantity remained unsaponified. Water was 
added, the oil which was precipitated extracted with ether, the 
ethereal solution well washed with water, dried, and evaporated. The 
oily residue thus obtained, when distiiled, boiled constantly at 230° 
under the ordinary pressure. The analytical results agreed with the 
formula C,H;O-CH,°CH,-OC,.H;. 


01502 gave 0°1150 H,O and 0:3974 CO, C = 72:15; H = 850. 
C,.H,O, requires C = 72°28; H = 8°43 per cent. 
B-Ethoxyethyl phenyl ether is a colourless, mobile oil of penetrating 
odour, resembling that of benzyl ethyl ether, C,H,-CH,OC,Hs. 


y-Phenowxyethyl-a-methylmalonic acid, 
C,H,0-CH,’CH,'C(CH;) (COOH). 


In order to prepare this acid, ethylic  -phenoxyethyl-a-methyl 
malonate (50 grams) was boiled with alcoholic potash (50 grams). 
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There appeared to be very little action in the cold, but, on gently 
warming, a large quantity of an insoluble potassium salt soon sepa- 
rated ; sufficient water was added to dissolve nearly the whole of this, 
and the mixture boiled on the water bath in a reflux apparatus for 
two or three hours. Water was then added, the alcohol completely 
removed by evaporation on the water bath, the residue dissolved in 
water, cooled, and acidified with hydrochloric acid; the crude 
y-phenoxyethyl-c-methylmalonic acid, which then separated as a 
thick, heavy, brown oil, was extracted with pure ether, and the 
ethereal solution dried over calcium chloride and evaporated. After 
standing overnight in a vacuum over sulphuric acid, the oil solidified 
to a hard crystalline mass, which was readily purified by recrystalli- 
sation from hot benzene. The following are the results of the analysis 
of this substance. 

0°1312 gave 0':0684 H,0 and 0°2920 CO, C = 60°69; H = 5°79. 

C,.H,,0; requires C = 60°50; H = 5°88 per cent. 

-Phenoxyethyl-a-methylmalonic acid crystallises in colourless prisms 
which melt at 125° with decomposition and formation of y-phenoxy- 
cthyl-x-methylacetic acid and carbon dioxide. It is sparingly soluble 
in cold water or cold benzene, and insoluble in light petroleum, but 
readily soluble in hot water, hot benzene, alcohol, or ether. 


y-Phenoxyethyl-x-methylacetic acid, C§H;0°CH,CH,CH(CH;)-COOH. 

This substance was prepared by heating y-phenoxyethyl-a-methyl- 
malonic acid at 180° until evolution of carbon dioxide had entirely 
ceased, and then distilling the residual oil under diminished pressure. 
The whole distilled between 205° and 210° (45 mm.), the correct boil- 
ing point at this pressure being 207°. A small portion of the distil- 
late, which, on cooling, solidified immediately, was recrystallised from 
light petroleam (60—90°), and thus obtained in the form of small, 
colourless crystals melting at 80°. 


0°1745 gave 0°1100 H,O and 0°4345 CO,. C = 67:91; H = 7:00. 
C,,H,O; requires C = 68°04; H = 7°21 per cent. 


This acid is readily soluble in alcohol, ether, or benzene, mode- 
rately so in hot water and light petroleum, but only sparingly in the 
two last-named solvents in the cold. 

Silver salt, C,H,0-CH,-CH,-CH(CH;)*COOAg.—This was pre- 
pared by suspending the acid in water and gradually adding ammonia 
until the whole had dissolved; the solution was then boiled to get 
rid of the slight excess of ammonia, and silver nitrate added when 
the solution was cold. The white, flocculent precipitate thus ob- 
tained was collected, washed well with water, spread on a porous 
plate, and dried in a vacuum over sulphuric acid. 
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00910 gave 0°0382 H,O and 0:°1456 CO,. C = 43°65; H = 466. 

01298 ,, 00467 Ag. Ag = 35°98. 
C,H,;0;Ag requires C = 43°85; H = 432; Ag = 35°88 per cent. 
' This silver salt is somewhat soluble in boiling water, and separates 
again, in the amorphous condition, on cooling. A neutral solution of 
+he ammonium salt of -phenoxyethyl-a-methylacetic acid gives no 
precipitate with barium or calcium salts, but, on adding lead acetate, 
a white, amorphous precipitate is thrown down, which is somewhat 
soluble in boiling water. With copper sulphate a flocculent green 
precipitate is obtained insoluble in boiling water. 


Action of Bromethyl Phenyl Ether on Ethylic Methylacetoacetate. 


This reaction was carried out as follows. Sodium (4 grams) was 
dissolved in ethylic alcohol (50 grams), the solution cooled, and a 
mixture of ethylic methylacetoacetate (25 grams) and bromethyl 
phenyl ether (35 grams) added. In the cold there appeared to be no 
action, but, on heating on the water bath in a reflux apparatus, 
sodium bromide quickly separated; the mixture, which, after boiling 
for about two hours was neutral, was poured into water, and the oily 
products extracted with ether in the usual way. On distilling the 
dry product under a pressure of 40 mm. ethylic methylacetoacetate 
first passed over; the thermometer then rose rapidly, and at 185° 
almost the whole of the new compound distilled. 


0°1400 gave 0°0983 H,0 and 0°3473 CO,. C = 67°64; H = 7°80. 
C.H,0°[CH,].°C(CH;)(CO-CH;)-COOC,H; requires C = 68:10; H = 
7°58 per cent. 


Ethylic +-phenoxyethyl-«-methylacetoacetate is a thick, colourless 
oil which, on hydrolysis with strong alcoholic potash, yields y-phen- 
oxyethyl-a-methylacetic acid. 


Formation of «-Methylbutyrolactone from -Phenoxyethyl-a-methylacetic 
acid. 


y-Phenoxyethyi-a-methylacetic acid is moderately easily decom- 
posed by heating with mineral acids with formation of «-methyl- 
butyrolactone; the best results being obtained as follows. The pure 
acid is heated in sealed tubes with a strong solution of hydrogen bro- 
mide in glacial acetic acid for six hours at 100°; the contents of the 
tubes are then diluted with water, the products extracted with ether, 
and after the ethereal extract has been washed with water until free 
from acetic acid, the ether is distilled off, and the residue is boiled 
with potassium carbonate solution for 12 hours. The phenol formed 
is then removed by means of cther, the aqueous solution concentrated 
on the water bath, and, after cooling, acidified and boiled in a reflux 
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apparatus for two hours, to convert the hydroxy-acid into the lactone. 
The solution is then repeatedly extracted with pure ether, the 
ethereal solution dried over calcium chloride, evaporated, and the 
product distilled. In this way, a colourless, mobile liquid is obtained 
which boils constantly at 201°, and is evidently identical with the 
a-methylbutyrolactone described by Marburg (Ber., 1895, 28, 10). 


a-Methyl-y-bromobutyric acid. 


In order to prepare this substance, pure a-methylbuyrolactone is 
left for 24 hours at the ordinary temperature in contact with satu- 
rated aqueous hydrobromic acid; the product is poured into water, 
all rise of temperature being carefully avoided, and the liquid rapidly 
extracted with ether. After washing well with water, the ethereal 
solution is dried and evaporated, when a brown, oily residue is left, 
which cannot be purified by distillation, as it decomposes readily on 
warming; for analysis it was, therefore, merely Jeft over sulphuric 
acid in a vacuum for a short time. 


0°2732 gave 0°2840 AgBr. Br = 44°04. 
CsH,BrO, requires Br = 44°19 per cent. 


This acid gives off hydrogen bromide at ordinary temperatures, 
very probably with formation of «-methylbutyrolactone. 


CH,CH,CH-CH; = CH,-CH,CH-CH; + HBr. 


Br COOH  § O -CO 


Ethylic y-Brom-a-methylbutyrate, CH,Br-C H,,CH(CH;)-COOC,H;.— 
The impure +-brom-a«-methylbutyric acid obtained as described above 
was dissolved in ethylic alcohol and the solution saturated with dry 
hydrogen chloride; after 24 hours, water was added, the ethereal salt 
extracted with ether, and the ethereal solution, after being well washed 
with water and sodium carbonate solution, was dried over calcium 
chloride, and evaporated. In this case also, the vily residue could not 
be distilled, for although it did not give off hydrogen bromide so 
readily in the cold as the acid did, it decomposed rapidly below its 
boiling point. After standing in a vacuum over sulphuric acid for 
12 hours, the bromine was determined. 


0:2460 gave 02146 AgBr. Br = 37°12. 
C,H,;0,Br requires Br = 38°27 per cent. 


Action of Phosphorus Pentachloride on a-Methylbutyrolactone. 


In order to study this decomposition, phosphorus pentachloride 
(20 grams) was gradually added to a-methylbutyrolactone (10 
grams), the mixture being well cooled with water during the addi- 
tion. When all the pentachloride had been added, and the whole 
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allowed to stand for one hour, the action was: completed by heating 
for one hour on the water bath. On subsequently distilling the pro- 
duct, phosphorus oxychloride passed over first, and then the tempera- 
ture rose to 189°, at which the rest distilled; there was, however, 
some decomposition accompanied by charring and evolution of hydro- 
gen chloride. The analysis of the product obtained in this way did 
not give very good analytical results, although they indicated that 
the substance was y-chlor-a-methylbutyryl chloride, 


CH,Cl-CH,-CH(CH;)-COCI ; 
this was borne out by the study of the properties of the chloride. 


Anilide of y-Chlor-a-methylbutyric acid, 
CH,Cl-CH,,;CH(CH;)-CO-NH:C,Hs. 


This crystalline substance is obtained when the product of the 
action of phosphorus pentachloride on a-methylbutyrolactone is 
slowly poured into aniline, the mixture being well cooled during the 
addition. After standing for one hour, the product is poured into 
water, dilute hydrochloric acid added until the excess of aniline has 
been removed, and the whole extracted with ether. The ethereal 
solution, after being washed successively with dilute hydrochloric acid 
and with water, is evaporated, and the residue left in a vacuum over 
sulphuric acid until it gradually deposits crystals. These are freed 
from oily mother liquor on a porous plate, and then recrystallised 
from light petroleum (b. p. 100—120°). The beautiful white prisms 
thus obtained melt at 106°. 


0:1155 gave 7:0 c.c. moist nitrogen at 18° and 753 mm. N = 6°96. 
C,,H,OCIN requires N = 6°62 per cent. 


Owens College, 
Manchester. 


XIX.—WNote on the Preparation of Glycol. 


By Epwarv Haworts, B.Se., and Witiiam Henry Perkin, Jun. 


In preparing glycol by the usual method, namely, digesting ethylene 
dibromide with potassium carbonate solution, evaporating the product 
nearly to dryness, and extracting the glycol by means of a mixture 
of ether and alcohol, a very small yield only is obtained, due prin- 
cipally to the volatility of the glycol with steam, and consequent loss 
during the evaporation. 

As we required a considerable quantity of glycol for some 
synthetical work, we made many experiments with the object of 
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improving the method of preparation, and found that by the following 
simple modifications of the usual process, the yield may be greatly 
increased. 

In the first place, potassium carbonate (138 grams) is dissolved in 
water (1 litre), and the solution boiled in a stout, round-bottomed 
flask with ethylene dibromide (188 grams) in a reflux apparatus, from 
the top of which a glass tube leads to a couple of wash bottles con. 
taining bromine. When almost all the oily drops have disappeared 
(which is usually the case after 8—10 hours), the same quantities of 
potassium carbonate and ethylene dibromide are again added to the 
solution, and the boiling continued as before; the operation being 
repeated until 1128 grams of ethylene dibromide have been de- 
composed. 

After the third addition of ethylene dibromide, crystals of potassium 
bromide separate on standing over night. These (and those which 
separate after each succeeding operation) are removed in the morn- 
ing, by filtration on a vacuum pump, before the action is again 
started. The crystals are then washed with absolute methylated 
spirit, the washings being subsequently used for the isolation of the 
glycol, as explained below. After the decomposition of the ethylene 
dibromide is complete, the solution of glycol is heated in an oil bath 
to slowly distil off the water, using a colonna to prevent, as far as 
possible, loss of glycol by evaporation. 

When the distillation has continued some time, the liquid begins 
to bump violently, owing to the separation of potassium bromide. 
The solution is now cooled, the crystals of potassium bromide removed, 
as before, and the distillation then continued. All the water which 
distils over should be carefully preserved for use in a subsequent 
preparation. When the solution becomes very viscid, and the tem- 
perature of the vapour passing over begins to rise, the distilla- 
tion is stopped, and the residue is mixed with the methylated 
spirit employed in washing the potassium bromide crystals, as 
explained above. After standing for some time, the crystals of 
potassium bromide, which separate in quantity, are removed by filtra- 
tion on the pump, washed with absolute methylated spirit, and the 
combined alcoholic extracts concentrated by slow distillation, as 
before, from a flask fitted with a colonna. 

The residue is then again treated with absolute methylated spirit, 
which separates more potassium bromide; this treatment is repeated, 
now using a mixture of alcohol and ether, until almost the whole of 
the potassium bromide has been removed. 

The solvent is then removed by distillation, and the residual glycol 
fractionated, first under reduced pressure, and finally at the ordinary 
pressure. 
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The yield of glycol obtained in this way is about 50—60 per cent. 
of the theoretical, and we have found it practicable in one apparatus 
to prepare 1 kilo. of glyccl in about 10—14 days. 

During the action, considerable quantities of vinylic bromide are 
formed ; this is absorbed by the bromine in the wash bottles, and by 
subsequently treating the product with dilute potash, to remove the 
excess of bromine, and fractionation, tribromethylene, CH.Brr-CHBr,, 
is readily obtained in a pure state. 


Owens College, 
Manchester. 


XX.— The Oxmes of Benzaldehyde and their Deri- 
vatives.* 
By Cuartes M. Luxmoorz, D.Sc. 


Ir is well known that stereochemical explanations of the isomerism 
amongst compounds where the carbon is doubly linked to nitrogen, 
have received less unequivocal support from the behaviour of the 
aldoximes than from that of other oximido-derivatives. Of the 
latter, the benzenoid ketoximes may be mentioned as exhibiting in 
their general deportment a very fair accordance with what stereo- 
chemical hypotheses would lead us to expect. 

On the other hand, the fact that the isomeric oximes of the 
benzenoid aldehydes, on methylation, &c., in the usual manner, yield 
structurally isomeric derivatives as the principal products, offers a 
difficulty in the way of regarding them as stereoisomers merely. The 
remarkable results obtained by Dunstan and Dymond (Trans., 1894, 
65, 206) by treating paraffinoid aldoximes with phosphorus penta- 
chloride, may be named as another illustration of the abnormal 
behaviour of oximido-derivatives containing aldehydic hydrogen. 

At Professor Dunstan’s suggestion I have carried out a series of 
experiments on the oximes of benzaldehyde, with a view of throwing 
further light on the nature of their isomerism, and I now communicate 
the principal results that have been obtained. 


Benz-antialdoxime. 


This is most conveniently prepared in the manner described by 
Beckmann (Ber., 1890, 23, 1684). After being distilled under 
reduced pressure, the strongly refractive liquid quickly solidifies on 


* Part of a thesis accepted for the degree of Doctor of Science of the University 
of London. | 
VOL. LXIX. 0 
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touching it with a crystalline fragment. The melting point of the 
pure substance recrystallised from light petroleum is 34°; this is 
readily depressed several degrees by minute traces of impurities 
(Dunstan and Luxmoore, Proc., 1894, 253). 

The boiling point of benz-antialdoxime is as follows (thermometer 
in vapour)—10 mm., 118—119°; 14 mm., 123—124°; 19 mm.,, 
128—129°; 31 mm., 138—139°; 53 mm., 152—153°; these results 
are plotted out on the annexed curve, 


Boiling points of Benz-antialdoxime under reduced pressure. 
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Pressure in millimetres of mercury. 


Whether benzaldoxime is formed in the presence of an excess of 
sodium hydroxide, according to Beckmann’s method, or by shaking 
an aqueous solution of hydroxylamine (made by mixing concentrated 
solutions of hydroxylamine hydrochloride and sodium carbonate in 
equivalent proportions) with an ethereal solution of benzaldehyde, 


AND THEIR DERIVATIVES. 179 


only the anti-modification appears to be formed ; ne benz-synaldoxime 
has been obtained in any case. 

Benz-antialdoxime Hydrochloride.—This is instantly thrown down 
as a white pulverulent precipitate when dry hydrogen chloride is 
passed into an ethereal solution of benz-antialdoxime cooled to 0°. It 
melts gradually between 103° and 105°. When treated with dilute 
aqueous ammonia in the presence of broken ice, the oxime collects in 
oily drops, which are extracted with ether, and the ether allowed to 
evaporate ; on touching the residue with a crystal of benz-antialdoxime 
it solidifies. The crystals obtained in this manner from the hydro- 
chloride, prepared at zero or below, invariably consisted of benz- 
antialdoxime, mixed with, at the most, ovly a minute trace of 
benz-synaldoxime. 

Benz-synaldoxime Hydrochloride.—If hydrogen chloride is passed into 
an ethereal solution of benz-antialdoxime at the ordinary temperature 
heat is evolved, and the well-known pearly leaflets of benz-synaldoxime 
hydrochloride are gradually precipitated. In one experiment, a 
thermometer, immersed in the solution, rose from 10° to 28°. The 
same salt is obtained by the action of hydrogen chloride on benz-syn- 
aldoxime; purified by recrystallisation from chloroform and light 
petroleum it melts at 66—67°, if heated quickly. 

The difference between the isomeric hydrochlorides is at once 
apparent on moistening them with water (or better with aqueous 
ammonia) ; both are dissociated, but whilst the one at once gives rise 
to oily drops of benz-antialdoxime, the other undergoes no change in 
appearance, as the liberated benz-synaldoxime is a white crystalline 
powder. If the acid is not neutralised, this, at the ordinary tem- 
perature, is soon converted into oily drops of benz-antialdoxime; in 
the presence of broken ice, however, even if it is not neutralised, the 
synaldoxime can be isolated, only slightly contaminated with its 
isomer, by quickly extracting with ether, washing the ethereal solu- 
tion, and allowing it to evaporate spontaneously. 

Isomeric Transformation of the Hydrochlorides—On attempting to 
purify benz-antialdoxime hydrochloride by recrystallisation, it was 
found that by the mere act of dissolution it was converted into the 
isomeric syn-hydrochloride. A confirmation of this result was found 
in the observation that an ethereal filtrate from the preparation of 
benz-antialdoxime hydrochloride at —10°, when allowed to evaporate 
spontaneously, deposited a few crystals of the syn-hydrochloride. 

Doubtless, therefore, the formation of benz-synaldoxime hydro- 
chloride by the action of hydrogen chloride on benz-antialdoxime is 
always preceded by the formation of the hydrochloride of the latter, 
and if kept at or below zero only a trace of this can be dissolved by 
ether, and the remainder is therefore protected from isomeric change ; 

02 
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at higher temperatures it is more readily dissolved, and thus under- 
goes rapid transformation into the more stable benz-synaldoxime 
hydrochloride. 

Benz-synaldoxime hydrobromide is obtained when dry hydrogen 
bromide is passed into an ethereal solution of benz-antialdoxime cooled 
below 0°. When recrystallised from chloroform and light petroleum, 
or from acetone and light petroleum, it melts at 77--78°, if rapidly 
heated. It is a white powder, becoming yellow on exposure to light. 
0°157 gram required for neutralisation 7:1 c.c. decinormal ammonia. 
Calculated for C;H;,NOH,HBr 7°8 e.c. 

Benz-synaldoxime hydriodide is prepared in the same manner, the 
liquid soon becomes brown from liberated iodine. The hydriodide is 
unstable, rapidly becoming yellow on exposure tothe air. 0°224 gram 
required 8°6 c.c. decinormal ammonia. Calculated for C;H;,NOH,HI 
9 c.c. 

Benz-synaldoxime Dihydrofluoride.—W hen hydrogen fluoride is passed 
into an ethereal or chloroformie solution of benz-antialdoxime, this 
salt is precipitated. Its melting point lies between 50° and 60°, but 
it is difficult to determine as it decomposes on heating, and melts 
gradually. 0193 gram required 22°9 c.c. decinormal ammonia. 
Calculated for C;H,NOH,H,F, 23°9 c.c.; for C;H,NOH,HF 13°7 c.c. 

These three new haloid salts all yielded benz-synaldoxime on re- 
generation, neither a hydrofluoride, hydrodromide, nor hydriodide of 
benz-antialdoxime could be isolated; doubtless these derivatives were 
first formed, but were instantly transformed into salts of benz-syn- 
aldoxime, although the temperature was below 0°. 

Benzaldoxime Sulphates.—When benz-antialdoxime is gradually 
Added to strong sulphuric acid, the first portions completely dissolve ; 
as soon as a molecular proportion (C;H,NOH=121 to H,SO,= 98) has 
been added, the temperature rises, and the whole solidifies to a hard, 
white, deliquescent mass of benz-synaldoxime sulphate. If, however, 
sulphuric acid and benz-antialdoxime, both in ethereal solution, are 
gradually mixed whilst kept in a freezing mixture of ice and salt, an oil 
separates which is the sulphate of benz-antialdoxime, since it yields 
the latter by regeneration, when treated with aqueous ammonia at 0°. 
This oil quickly solidifies, especially on stirring, while the tempera- 
ture still remains below zero; the solid thus obtained is benz-syn- 
aldoxime sulphate. 

0:124 gram required 11°7 c.c. decinormal ammonia, and yielded 0-627 
gram benz-synaldoxime. Calculated for C;H,NOH,H,SO, 11°3 c.c. 
and 0°0681 gram. 


The assumption of a structural isomerism between the two oximes 
of benzaldehyde does not lend itself to an explanation either of the 
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reatiness with which the oxime of higher melting point is converted 
by heat or by dilute aqueous acids into its isomer, or of the reverse 
change of the hydrochloride, &c., which takes place even more readily, . 
namely, by mere dissolution. 

The only structural formule available for the oximes of benzalde- 


hyde are C,H;;CH:NOH and CHyCH<) Adopting these formulee 


for the oximes melting at 34° and 130° respectively, the changes in 
question wonld be expressed by the scheme 


+ HCl 
C,H;CH:NOH ——— —>_ C,H;CH:NOH,HCl 
(H.SO, &e. ) 


heat or 
<— 
solution 


— HCl 
allel 0,H,CH<NHHC! 
(or H.SO,, &.) O 


It is difficult to conceive of any reason why the transformation 
indicated in the left hand column by which the compound, having 
the isoxime formula, is very readily converted into the normal oxime 
should be exactly reversed in tlfe hydrochlorides as indicated by the 
arrow in the right-hand column. If, on the other hand, the isoxime 
formula be attributed to «-benzaldoxime and f-benzaldoxime be 
regarded as the true oxime, a similar scheme, with the arrows 
reversed, would express the facts, and this would be equally difficult 
to understand. 

On a stereochemical hypothesis, it is not difficult to suggest a 
partial explanation of the fact that the lability of the aldoximes is 
reversed in their salts with hydrogen haloids and sulphuric acid. 
These salts can be conveniently formulated in the plane of the paper 
consistently with Pickering’s theory (Trans., 1893, 63, 1069), and 
the transformation of the oximes clearly expressed as follows. 


C.HyC*H + HCl CoH» C-H 
HO-N (or H,S0,, &c.) ~~ 


— 


*, heat, Kc. 


2 

oh 
Z= 
oO 
q 
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We may then suppose that, in the oximes themselves, the attrac. 
tion of hydroxyl to phenyl is greater than to hydrogen, whilst the 
addition of the elements of hydrogen chloride, for instance, may 
disturb this equilibrium, because the directive attraction of hydro- 
gen for hydroxyl added to that of phenyl] for chlorine is greater 
than that of hydrogen for chlorine added to that of phenyl for 
hydrogen. , 

The fact that the hydrobromide and the hydriodide of benz- 
antialdoxime are less stable than the hydrochloride, suggested that 
this might be due to the greater mass of the bromine and iodine 
atoms, and for this reason the action of hydrogen fluoride was tried ; 
but in this case also a syn-derivative only was obtained. As this 
was a dihydrofluoride, the question cannot be regarded as positively 
settled. The mass of the radicle X in the anti-aldoxime salt 

CoH 0-H 
HO-N*X , 
H 
is approximately as follows: 
HX = H.F, HCl HBr HI H,SO, 
X =HF, Cl Br I HSO 
Mass of X = 39 35°4 80 127 97 


The mass of HF, would thus put it after Cl, but very close; 
while the mass of HSO, would put it between Brand I. In neither 
case is this in accordance with the facts. It is more likely that the 
greater solubility of the anti-salts that have not been obtained 
determined their very ready isomeric transformation. The fact, 
however, that different salts of benz-antialdoxime differ in their 
degree of stability, suggests that they should be formulated as 
above, and not with the chlorine, &c., in the median position, 

C.HsO-H 
HO-N-H. 
x 

Although Hantzsch (Ber., 1893, 26, 930) had obtained stereoiso- 
meric hydrochlorides of anisaldoxime and cuminaldoxime, he repre- 
sents the oximes of benzaldehyde (Grundriss, pp. 122, 123) as having 

CoHyC-H 
one hydrochloride of the formula H-N-Cl, with the hydroxy] in the 
OH 
median position. This perhaps is derived from van’t Hoff’s conception 
of pentad nitrogen as situated at the centre of a cube, the valencies 
being directed to five of its trihedral angles. Van’t Hoff does no. 
himself, however, seem to have used this cube for the representation 
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of oximido-compounds in which pentad nitrogen may be assumed. 
The fact that there are two hydrochlorides corresponding with parent 
oximes is best represented hy formule in which the hydroxyl occupies 
the same position in the oximes themselves and in their salts, as used 
above ; and, so far as it goes, this is in favour of Pickering’s hypo- 
thesis rather than of van’t Hoff’s. 


N- Methylbenz-antialdoxime. 


When equal quantities of benz-antialdoxime and methylic bromide 
dissolved in methylic alcohoi, are heated at 80- -90° for a couple of 
hours, a hydrobromide of a methyl derivative is obtained which, after 
recrystallisation from methylic alcohol and ether melts at 67—67°5° 


0°4513 gave 0°3856 AgBr. Br = 36-4. 
02482 ,, 143... moist nitrogen at 12° and 7662 mm. N = 687. 
C,;H,NO-CH;,HBr-requires Br = 37:0; N = 6°48 per cent. 

The hydrobromide is readily hydrolysed, even by cold water, the 
odour of benzaldehyde becoming apparent at once on moistening; it 
is, therefore, impossible to obtain the base by regeneration in aqueous 
solution. It was, however, isolated by passing an excess of dry 
ammonia into an alcoholic solution, precipitating the ammonium bro- 
mide by ether, and evaporating to dryness in a vacuum without 
heat, the residue being redissolved in alcohol and ether added, repeat- 
ing the process until the ammonium bromide was entirely removed ; 
the methyl derivative was finally separated as a colourless oil by the 
addition of light petroleum. On stirring, this oil solidified to a 
waxy mass which could readily be broken up into an apparently 
amorphous, almost odourless, powder. The substance thus obtained 
in one experiment melted gradually between 45—49°. This speci- 
men was used for a nitrogen determination. 


0'3278 gave 20-4 c.c. moist nitrogen at 13° and 750 mm. N = 1055. 
Methylbenzaldoxime requires N = 10°37 per cent. 


The methyl derivative was hydrolysed by distillation with dilute 
hy drochloric acid ; from 2°95 grams, about 1°9 grams of benzaldehyde 
were obtained, besides a residue of 26 grams of benzoic acid formed 
by atmospheric oxidation. ‘The hydrochloride obtained weighed 1°6 
grams. The equation, C;H,NO-CH, + H,O + HC1—C,HsCOH + 
CH,-NH;OCl, requires methylhydroxylamine hydrochloride 1°8 grams 
(found 1°6 grams), benzaldehyde 2°3 grams (found 2°1 grams). The 
methylhydroxylamine bydrochloride was purified by recrystallisa- 
tion from methylic alcohol and ether, and was thus obtained in the 
form of silky needles which were very hygroscopic, and had a power- 
ful reducing action on Fehling’s solution. The melting point was 
found to be 80°5—81:0°, which is lower than that recorded for B 
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methylhydroxylamine (82—90°), doubtless through the difficulty of 
obtaining the crystals quite free from moisture. Since the melting 
point of the isomeric <-salt is 149°, and it has no reducing effect 
on Fehling’s solution, there can be no doubt as to the identity of the 
product. 

The substance was also reduced with hydriodic acid ; the hydro- 
chloride of the base formed was hygroscopic, and had otherwise the 
properties of methylamine hydrochloride. Converted into the platino- 
chloride and ignited, 0°3120 gram gave 0°1320 gram platinum = 
42°3 per cent. Calculated for methylamine platinochloride 41°3 per 
cent. 

The new methyl derivative was found to be without constant 
melting point. A specimen melting, on one occasion, below 68° did 
not melt, a few days later, below 73°. This was found to be due to 
the gradual conversion of the substance into the isomeric derivative 
of benz-synaldoxime. Specimens, after keeping a few days and 
recrystallising from benzene and light petroleum, showed the correct 
melting point (81—82°), and had the other properties characteristic 
of the latter, some of which was prepared for comparison in the 
manner described by Goldschmidt (Ber., 1891, 24, 3808). 

The isomeric change of the new methyl derivative into the 
N-methyl derivative of benz-synaldoxime takes place spontaneously 
in a short time, and without heating, so that the melting point of 
any specimen depends on the length of time since it was prepared 
from its hydrobromide, which is perfectly stable. The lowest melt- 
ing point observed is that of 45—49°, recorded above; the melting 
point of the pure anti-derivative may, however, be lower than this. 

This readiness of isomeric change confirms the conclusion drawn from 
the products of hydrolysis, that the new derivative is structurally 
identical with the ‘‘ nitrogen methyl ether ” of benz-synaldoxime, and 
has the formula C,H,,CH< 3 Cn, 

That the two substances are not identical is shown (1) by the 
difference in melting point, (2) by the tendency of the anti-derivative 
to superfusion, and (3) especially by the very different behaviour of 
the two derivatives towards water. As already mentioned, all 
attempts to regenerate the new methyl derivative from its hydro- 
bromide in the presence of water failed on account of the great readi- 
ness with which it is hydrolysed even by cold water. The methyl 
derivative itself is also hydrolysed by water when freshly prepared, 
and gives an almost immediate reduction with Fehling’s solution in 
the cold, although it loses this property if kept, in consequence of its 
conversion into the syn-derivative; the latter, on the contrary, is per- 
fectly stable towards water and neutral saline solutions, being in fact 
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obtained by the dissociation of its sodium iodide compound by the 
action of water or of solution of sodium chloride. 

It must also be observed that the hydrobromide of the new methyl 
derivative is formed from the anti-oxime under circumstances in 
which the syn-oxime cannot exist, whilst the methylimido-derivative 
of the syn-oxime is obtained in a manner which in no way renders it 
likely that the latter should be converted into the isomeric benz-anti- 
aldoxime. 

Methylic iodide, when heated with benz-antialdoxime, also combines 
with it to form the corresponding hydriodide ; this generally resem- 
bles the hydrobromide in its properties, but is very difficult to purify 
in consequence of the readiness with which it becomes coloured by 
the liberation of iodine. Methylic chloride. on the other hand, does 
not react with benz-antialdoxime; neither does ethylic iodide, so that 
it has been impossible to obtain an ethyl derivative in this manner.* 

The hydrobromide of the so-called “ nitrogen methyl ether” of 
benzsynaldoxime was prepared for the sake of comparison. It melts at 
66—67°, that is to say, at almost the same temperature as the hydro- 
bromide obtained from benz-antialdoxime aud methylic bromide. 

As it was possible this might be the same substance formed by 
hydrogen bromide having caused isomeric change in the reverse direc- 
tion, the regeneration was conducted in the absence of water in the 
manner previously described ; the quantity was small, and the whole 
of the operations were completed in a very short time, so that if the 
anti-methy] derivative had been the product of regeneration no time 
was allowed for its isomeric transformation back into the syn-deriva- 
tive. The crystals of the base thus obtained, after merely draining 
for a few moments on a tile, and without being recrystallised, melted 
at 82—83°. Moreover, after boiling with water and cooling, they did 
not reduce Fehling’s solution, showing that they were not hydrolysable 
by water. Evidently, therefore, they consisted of the nitrogen methyl 
derivative of benz-synaldoxime, and the two hydrobromides are 
distinct substances, though melting at about the same temperatures. 

It is well known that in the usual method of methylating benz- 
antialdoxime by adding sodium methoxide and methylic iodide succes- 
sively, the action being carried out on a water bath, the methoxy- 

* There is no record of any previous experiments being made to bring about the 
addition of the elements of an alkylic haloid to an oxime by heating them together. 
An attempt was therefore made to extend this reaction so as to make it available 
for the preparation of the little known alky] isoximido-derivatives of the ketoximes, 
but without success. Benzophenoxime heated with methylic iodide at 90° was not 
acted on; at a higher temperature, there was so much decomposition that the 
hydriodide of the methyl derivative could not be isolated. Methylamine, how- 
ever, was obtained on reducing the product of the action, showing that an isoximido- 
derivative had been formed. 
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derivative of benz-antialdoxime, C,H;-CH:NO-CHs, is almost the only 
product. As it seemed likely that the preformation of the sodium 
salt was in a great degree, at any rate, the cause of this, a few experi- 
ments were made to see whether the new methyl derivative would be 
obtained if the conditions of the experiment were slightly altered. 
To a mixture of methylic iodide with benz-antialdoxime, the calcu- 
lated quantity of sodium methoxide dissolved in methylic alcohol was 
gradually added in the cold; the characteristic fruity odour of the 
oxygen methyl ether was at once apparent. A test portion of the 
product gave, after boiling with water and cooling, a notable re- 
duction of Fehling’s solution, due, doubtless, to the presence of the 
new nitrogen ether. It was, however, found impossible to isolate 
this; but the isomeric syn-deriyative, into which it passed, was 
separated in the form of its sodium iodide compound. That this was 
not the first product of the action is proved firstly by the ease with 
which specimens of the product, tested shortly after its formation, 
were found to be hydrolysed by water; and, secondly, because, as was 
found in a separate experiment, benz-synaldoxime caunot exist in 
the presence of methylic iodide, so that a derivative of the latter 
oxime could only be formed from an anti-derivative first formed. 
Altogether, about 10 per cent. of the methyl derivative formed had 
the isoximido-structure, in other words, about 1 molecule in 10 was 
caught in the tautomeric form expressed by the formula 


C,H; CH< 5" , 


A review of the alkyl derivatives of the oximes furnishes conclusive 
evidence of the existence of isomerism which structural formule are 
insufficient to represent. The benzenoid aldoxiwes form two series 
of alkyl derivatives having the true oximido-structure, ‘NOH, and 
yielding identical products of hydrolysis and reduction; the chief 
distinctions between the corresponding alkyloxy-derivatives of anti- 
and syn-aldoximes lie in their melting and boiling points. 

The chief products, however, of the action of alkylic iodides and 
sodium alcoholates on syn-aldoximes are the so-called “ nitrogen 
ethers,” in which there is evidence of direct linking between alkyl 
and nitrogen. No evidence of the existence of such isoximido-deriva- 
tives of the antialdoximes has hitherto been forthcoming, the 
supposed isomeric benzylimido-derivative of furfuraldoxime which 
Werner (Ber., 1890, 23, 2336) assumed to be an anti-derivative 
having been shown by Goldschmidt (Ber., 1892, 25, 2573) to be a 
compound of the syn-derivative with water of crystallisation. The 
methyl derivative obtained from benz-antialdoxime by the action of 
methylie bromide being structurally identical with that obtained from 
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benz-synaldoxime by the action of methylic iodide and sodium meth- 
oxide, completes the set of four methyl derivatives obtainable from 
the oximes of benzaldehyde. 

Thus there are four distinct series of derivatives, two of which 
have the oximido- and two the isoximido-struecture, whilst one of each 
pair is an anti- and the other a syn-derivative. For these four 
methyl derivatives of the oximes of benzaldehyde, only two structural 
formule are available. 

It seems, therefore, necessary toadmit some other cause of isome- 
rism amongst the alkyl derivatives of the benzenoid aldoximes than 
can be expressed by structural formule. Without attempting to 
draw any definite conclusions as to the exact disposition of the atoms 
in space, we may accept as a working hypothesis the assumption that 
the isomerism that cannot be satisfactorily accounted for by different 
modes of atomic linking is due to a condition of asymmetry in the 
molecule, the hydrogen or alkyl being nearer to the aldehydic hydro- 
gen in the one isomer, and to the phenyl in the other. In true 
oximido-compounds this will be represented by the following con- 
figuration formule in the plane of the paper. 


Anti-configuration. Syn-configurution. 


The same isomerism would obtain amongst the isoximido-com- 
pounds, which we may express by the formule 


C,H,°C-H C,H;°C-H C.HsC-H C,H;C-H 
|>O or O<| 0<| |>O0 
RN R-N N-R N-R 


Ta. Ib. Ila. IIb. 


But the formule Ia and Ib must be taken to be identical, as 
must the formulm Ila and IIb, as it is simplest to assume that the 
oxygen and its two valencies are in the same plane (at right angles 
to the plane of the paper) as that containing the nitrogen and carbon 
atoms and the four valencies by which they are linked to each other 
and to oxygen. 

Whilst it seems clear that stereoisomerism exists amongst the alkyl 
derivatives of the benzenoid aldoximes, and it is therefore reasonable 
to admit that it also obtains amongst the oximes themselves, it can- 
not be denied that this is an incomplete explanation of the isomerism 
of the two oximes of benzaldehyde, since it fails to account for the 
fact that the principal products of their methylation in the usual 
manner have different structures. Hantzsch, indeed, maintains 
(Grundriss der Stereochemie, p. 113) that the NOH formula repre- 
sents the normal structure of both oximes, and that the formation of 
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isoximido-derivatives is due to the action of water ; and Goldschmidt 
(Ber., 1891, 24, 2808), in his description of the sodium iodide com- 
pound formed when benz-synaldoxime, methylic iodide, and sodium 
methoxide react, gives a very ingenious explanation of the way in 
which he supposes the isoximido-methyl derivative to be formed 
from the parent substance supposed to have the normal structure 
‘NOH. But the formula which he gives to the intermediate sodium 
iodide compound is very improbable, and his explanation cannot be 
regarded as valid. The fact that, when benz-antialdoxime and methylic 
bromide are heated together (in the absence of water), the hydro- 
bromide of the isoximido-methy] derivative is formed, completely 
disproves this statement of Hantzsch’s, for it shows that both oximes 
are very ready to react in the sense of the isoximido-formula, though 
the benzsynaldoxime does so more readily than its isomer. 

It seems likely that Goldschmidt’s sodium iodide compound is 
formed by the addition of the elements of methylic iodide to the 
sodium derivative of the syn-oxime with the isoxime structure, in a 
manner analogous to the formation of the hydrobromide of the methyl] 
derivative from benz-antialdoxime. If we represent these changes 
according to positional formuisz we get the scheme 

C,H;'C-H C.H,-C-H C.H;'C-H 
|>O + CH;Br — \>oO — |>O 
H-N H-N-CH; N-CH; 
Br : 

Benz-antialdoxime Hydrobromide of Methyl] derivative 

(isoxime formula), methyl derivative. (labile). 

C,H;'C-H C,.H;°C°-H 

i\>O + NaOCH; + CH,I — |>o — 
NH CH;'N'Na 


i 


Benz-synaldoxime Sodium iodide com- Methyl 
(isoxime formula). ' pound of methyl derivative 

derivative. (stable). 
That is, the anti-aldoxime yields a methyl] derivative having the syn- 
configuration, and the syn-aldoxime yields a derivative having the 
anti-configuration. Although this appears to be supported by the 
fact that the anti-derivatives generally (exclusive of those containing 
pentad nitrogen) are more stable than the corresponding syn-deriva- 
tives, nevertheless it is not sufficiently certain to justify any change 
of name, and it will be wise, therefore, to continue to designate these 
methyl derivatives after the parent aldoxime. 


Acetylbenz-antialdoxime. 


This substance, prepared by the action of acetyl oxide on crystal- 
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lised benz-antialdoxime, can be solidified by cooling to —10° and 
persistently stirring, although it has been described as an oil by 
previous observers ; it melts between 14° and 16°. That this crys- 
talline substance was a true derivative of the anti-oxime was estab- 
lished by regeneration. 

When dry hydrogen chloride is passed into a cooled ethereal solu- 
tion of acetylbenz-antialdoxime, benzonitrile is formed, as stated by 
Minunni (Gazzetta, 1892, 22, ii, 174); in many cases benzamide is also 
obtained, and sometimes a hydrochloride of benzamide is precipitated, 
even when every trace of water is most carefully excluded. A number 
of experiments have been made to elucidate this action, and it has 
been ascertained that the latter are secondary products. In view of 
the difficulty of accounting for the formation of benzamide in the ab- 
sence of moisture, a direct experiment was made to determine 
whether the elements of water could be abstracted from acetic acid by 
benzonitrile in the presence of hydrogen chloride with the concurrent 
formation of acetyl chloride or acetyl oxide. The acetic acid used 
was freed from water by mixing it with excess of acetyl oxide, and 
repeatedly redistilling till it boiled constantly at 119°. It was then 
mixed with benzonitrile and ether (distilled over sodium) and dry 
hydrogen chloride passed in, the whole being allowed to remain for a 
short time, and then fractionally distilled. Benzamide (m. p. 128°) 
was obtained equivalent to about half the benzonitrile taken. The 
early fractions of the distillate appeared to indicate that bed 
both acetyl chloride and acetyl oxide had been formed. 

Whilst Minunni’s experimental] results are thus confirmed, the con- 
clusions he draws from them, in opposition to Hantzsch’s use of the 
acety! derivative as a criterion of configuration, do not appear to be 
adequately supported. As the hydrogen chloride is evidently a potent 
factor in the action, it would seem reasonable to suppose that a com- 
pound is at first formed which is of a very unstable nature, and 
which, by immediate loss of the elements of hydrogen chloride and 
hydrogen acetate, yields benzonitrile. Assuming the hydrogen chlo- 
ride to be added on somewhat in the same way as in the salts of the 
oximes, we get the following scheme. 


H:C°C,H; H-! wk C,H; 
HCl — 
N-0-CO-CH, * Cl- -x .0-CO-CH, 
“i 


=o , + go + HO-CO-CH,, 


in which the remaining affinities of pentad nitrogen are made use of 
according to Pickering’s theory. 
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My attempts to isolate sach an intermediate compound have been 
unsuccessful, and, therefore, it would not be proper to lay too much 
stress on the above explanation; however, such a compound would, 
of course, be very unstable, and the above considerations seem suffi- 
cient to show that Minunni’s objection to the stereochemical repre- 
sentation of the aldoximes cannot be maintained by means of this 
decomposition. 


Action of Phosphorus Pentachloride on Benzaldoximes. 


An excess of phosphorus pentachloride was gradually added to an 
ethereal solution of benz-antialdoxime kept below —8° by a freezing 
mixture. A small quantity of a white powder was precipitated, 
probably benz-antialdoxime hydrochloride. The orange-coloured 
liquid was poured into ice-cold water and the mixture distilled ; in the 
aqueous portion of the distillate, formic acid was identified, an aliquot 
portion yielding, with mercuric chloride, a precipitate corresponding 
to 0°03 gram on the whole quantity. An oil had also come over 
which was a mixture of benzaldehyde and benzonitrile; the latter, 
when hydrolysed with potassium hydroxide, gave a quantity of am- 
monium chloride corresponding to 2°] grams of benzonitrile on the 
whole quantity. Hydroxylamine and aniline were identified in the 
residue from the original distillation. Benz-antialdoxime had thus 
yielded, under the influence of phosphorus pentachloride, the hydro- 
lytic products of formanilide 0°08 gram, and benzonitrile 2:1 grams, 
and some oxime had been regenerated. 

Benz-synaldoxime, treated in the same way, gave similar results. 
0:06 gram of formauilide and 2°3 grams of benzonitrile were obtained 
besides regenerated oxime. The formation of formanilide as a pro- 
duct of the action of phosphorus pentachloride on the oximes of benz- 
aldehyde does not appear to have been noticed by previous workers, 
but it was, of course, probable considering that the formation of 
formamide from acetaldoxime had been observed by Dunstan and 
Dymond (loc. cit.). It is, nevertheless, very difficult to explain this 
result. In the first place it is quite clear that benz-antialdoxime is 
not in this experiment converted into benz-synaldoxime by the action 
of hydrogen chloride, for it has been’shown that at these low tempera- 
tures the anti-hydrochloride suspended in ether is stable ; moreover, 
the quantity of hydrochloride precipitated is only very small. If, 
however, in the experiment with benz-antialdoxime, it be assumed that 
either the hydrogen chloride formed, or the phosphorus pentachloride 
favours the transformation into the synaldoxime, so that the benzo- 
nitrile is formed as the result of the action of the pentachloride on 
the latter, then it would be necessary to make a further assumption 
that in the experiments witl) benz-synaldoxine ander identical con- 
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ditions, the same reagent favoured a transformation of part of the 
synaldoxime into anti-aldoxime which yielded the formanilide. 

It seems more reasonable to assume that the action of phosphorus 
pentachloride in some way removes the cause that makes the stereo- 
‘isomerism possible. For instance, it may combine in a loose way 
with the oxime, so that the latter ceases to have a double link be- 
tween carbon and nitrogen, and the action goes on mainly in the 
sense of the most favoured (syn) configuration, whilst a small pro- 
portion of the molecules are caught in the less favoured configuration, 
and undergo the Beckmann transposition, yielding formanilide. 


Action of Phosphorus Trichloride on Benz-antialdoxime. 


On adding phosphorus trichloride to a cooled ethereal solution of 
benz-antialdoxime a white precipitate of hydrochloride is thrown 
down, and the filtrate, having been poured into water and neutra 
lised with sodium hydroxide, is found to contain much benzonitrile, 
but to regenerate a certain quantity of the oxime. By reversing the 
process, and adding the oxime to a large excess of phosphorus tri- 
chloride, less of the hydrochloride is precipitated, but still the ele- 
ments of hydrogen chloride are eliminated from some of the chlorine 
compound, so that the product of the action consists of a mixture of 
the very unstable chlorine substitution compound, C,H;-CHNCI, 
benzonitrile, and the excess of phosphorus trichloride. From this 
mixture it is impossible to isolate the new compound, as there is no 
means of separating it from the benzonitrile. Its presence was, how- 
ever, proved by decomposing the phosphorus trichloride with the 
least possible quantity of water, and then, after distilling off the ether 
under diminished pressure and extracting the residue with light 
petroleum, in which hydrogen phosphite is insoluble, the solution 
thus obtained was freed from the last trace-of phosphite compound 
by*shaking with a drop of water; on now decomposing it by sodium 
hydroxide, it was found to contain a considerable quantity of chlorine, 
evidently from the presence of the chlorine substitution compound 

C.H,CH:HO-N. 

' This compound was ultimately obtained as follows. Benz-antial- 
doxime, dissolved in a very little ether, was gradually added to a 
large excess of phosphorus trichloride below 0°; the precipitate 
formed, supposed to be the hydrochloride of the oxime, was filtered 
off, but after a few minutes it became liquid, and had the character- 
istic odour of benzonitrile. As it seemed likely that this was the 
compound which it was desired to isolate, and that had thus evolved its 
hydrogen chloride on exposure, the experiment was repeated using 
scarcely any ether at all. The precipitate which was formed was set 
to drain in a beaker well surrounded by a freezing mixture, but it 
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presently began to evolve hydrogen chloride with almost explosive 
violence, and after standing in a desiccator for a short time the re- 
sidnal liquid gave, on hydrolysis, no trace of hydroxylamine, all the 
oxime having been converted into nitrile. In these experiments, no 
hydrogen chloride was evolved while the oxime was being added to 
the phosphorus trichloride, and no hydrochloride of the oxime was 
formed. 
The chlorine substitution compound of benz-antialdoxime, 
C,H;CH:NCl, 

is therefore a white solid, nearly insoluble in phosphorus trichloride, 
moderately soluble in ether. In the pure state it decomposes into 
benzonitrile and hydrogen chloride below 0°, but can be kept for a 
short time in dilute solution. 


Action of Phosphorus Trichloride on Benz-synaldoxime. 


When phosphorus trichloride is added to an ethereal solution of 
benz-synaldoxime at —10°, half of the oxime is instantly converted 
into benzonitrile, the other half being converted into the hydrochloride 
by the hydrogen chloride which is eliminated. If the filtered liquid 
is poured into water, no oxime is regenerated. Thus the compound 
formed by the substitution of chlorine for hydroxyl in benz-synald- 
oxime is so unstable as to be incapable of existence; it instantly 
decomposes into benzonitrile and hydrogen chloride, and although 
the latter combines with more oxime, if any is present, to form the 
hydrochloride, this has no share in effecting the decomposition. This 
was proved by adding benz-synaldoxime in small portions to a large 
excess of phosphorus trichloride; hydrogen chloride was freely 
evolved, and only a comparatively small quantity of hydrochloride 
was precipitated. This experiment was carried out so as to be strictly 
comparable with that in which the chlorine substitution compound 
was obtained from benz-antialdoxime, but no corresponding derivative 
could be obtained. It evidently breaks up at the moment of its 
formation. 

Evidently this difference of behaviour between the two oximes 
when treated with phosphorus trichloride, confirms the configuration 
formule assigned to them. 

C.HsC-H C.Hs° C ‘H 
HO-N N-OH 
Benz-antialdoxime, m. p. 34°, Benz-synaldoxime, m. p. 130°. 


This investigation was carried out at the Research Laboratory of 
the Pharmaceutical Society, and I desire to express my warmest 
thanks to Professor Dunstan, not only for many valuable suggestions, 
but also very especially for his kind and unfailing encouragement. 
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XXI.—Transformation of the Alkylammonium Cyanates 


into the corresponding Ureas. 
By James Waker, D.Sc., Ph.D., and James R. Appieyarp, F.C.S., 
University College, Dundee. 


Ir has been shown by Walker and Hambly (Trans., 1895, 6'7, 746) 
that the production of urea from an aqueous solution of ammonium 
cyanate is not a case of simple transformation of one molecule into 
another, but that the law regulating the transformation is the law of 
a bimolecular action, the active molecules being in all probability 
ammonium ions and cyanic acid ions. To use Ostwald’s notation, the 
equation which expresses the action is 


NH, + CNO’ = CO(NH,).. 


The velocity constant of the transformation is given by them for 
different temperatures, and in the present paper a comparison is 
effected between that constant and those obtained when the hydrogen 
atoms of the ammonium ion are replaced by alkyl radicles. 

The experiments were all made with decinormal solutions, which 
were prepared in the manner described by Walker and Hambly. 
The alkylammonium chloride was agitated for an hour with excess of 
silver cyanate and the requisite quantity of water, after which the 
solution was filtered, and portions tested, with nitric acid and silver 
nitrate on the one hand, and with nitric acid and potassium chloride 
on the other, in order to prove the absence of soluble silver salt and 
soluble chloride respectively. By operating in this way, the solutions 
obtained were not always precisely decinormal, but in such cases 
the experimental numbers have been reduced to a uniform value 
by applying the very slight correction necessary, so that all the 
numbers given in the tables which follow are comparable with each 
other. Experiments were made at one temperature only, namely, at 
59°6°, except when equilibrium points or reverse actions were being 
determined. 

Ethylammonium Cyanate. 


A decinormal solution of ethylammonium cyanate was heated 
at 59°6°, 5 c.c. of it being removed from time to time, and added to 
5 c.c. of a decinormal solution of silver nitrate. After the mixture 
had cooled, the precipitated silver cyanate was filtered off, and the 
amount of silver in the filtrate determined by means of a N/50 solution 
of ammonium thiocyanate. In order to ascertain the point at which 
the action ceased, a decinormal solution of ethylurea was heated at 
100°, and the amount of cyanate formed ascertained in the same way 
as in the direct action. The time which elapsed from the commence- 
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ment of the heating is given in minutes under ¢, in the following 
table, the titres being given in the second column, and the actual 
concentration of the urea in the third. 


t. 
0 
30 
80 
140 
200 
260 
320 


Titre. 
25°0 
24°05 
23°6 
23°05 
22°95 
22°8 
22°9 


Urea present. 
0°1000 
0:0962 
0°0944 
0°0922 
0:0918 
0°0912 
0°0916 


Ethylurea differs from urea in giving no perceptible quantity of 
carbonate when heated for a considerable time with water at 100°. 
After 260 minutes, the solution was found to possess a feeble ammo- 
niacal smell, and a slight alkaline reaction, but it gave no precipitate 
with calcium nitrate. We are thus enabled to fix the end-point with 
accuracy, the concentrations for equilibrium being 0°0912 normal 
ethylurea, and 0:0088 normal ethylammonium cyanate. 

Walker and Hambly found, for the direct transformation of ammo- 

x 
E-—2 
being the end-point, and « the titre. This also holds good for ethyl- 
ammonium cyanate, as may be seen from the following table. 


E = 22°8. 
1 F 


remained constant, E 


nium cyanate, that the expression ; ‘ 


Ethylammonium Cyanate. 


t. 
30 
50 
70 
100 


ar. 
4°95 
7°35 

9-1 

11°2 


E-w. 
17°85 
15°45 
13°7 
11°6 
10°2 


t°E-a@ 
0°0093 
00096 
0°0095 
0°0097 
0°0095 


130 12°6 
00095 


PO estate 


The value of the expression = —*_ for ammonium cyanate at 


59°7° is 0°0144, the end-point being practically the same, namely, 
22°9. It thus appears that the transformation of ethylammonium 
cyanate into ethylurea proceeds more slowly than the transformation 
of ammonium cyanate into ordinary urea, as a direct comparison of 
the titres at corresponding times will also show. The values of the 
constants in the above instance are nearly proportional to the rates at 
which the actions start, and this arises from the practical identity of 
the end-points. In the calculation, the progress of the reverse action 
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(transformation of urea into cyanate) has been neglected, but this 
neglect does not invalidate the comparison of the rates of the direct 
actions when the end-points have nearly the same value. When the 
end-points are widely apart, however, as they are in the case of other 
alkyl derivatives, the reverse action must be taken into account, if 
the comparison is to be of any value; indeed, it is otherwise impossi- 
ble to obtain a constant when the point of equilibrium is far removed 
from the urea end. This greatly complicates the calculation, but the 
expressions obtained give the true velocity constants. 

If A is the original concentration of the cyanate expressed in 
terms of a normal solution, the active mass of the ammonium ions 
will be A, which is also the active mass of the cyanic ions, supposing 
the ammonium cyanate to be fully dissociated. . This is not quite the 
case,* but as all the ammonium cyanates considered may be assumed 
to be equally dissociated in equivalent solutions, the comparison of 
the numbers obtained is not thereby affected. Let the quantity z 
have been transformed into urea at the time ¢; then the rate at 
which the direct reaction will proceed is 


(1). 


But at the same time we have the reverse reaction proceeding 
according to the equation 


(2). - k'z, 
so that for the real progress of the action we have 


dx ‘ 
, — = k(A — 2)*— ke. 
(3) te = k(A — 2)*— Wa 


At the equilibrium point, = = 0, therefore 
k(A — £)° = WE, or 
kh _ (A — &)’ 
4). ca; 2 2, 
(4) ; z 
where £ is the value of x at the point of equilibrium. K, the ratio 
of the velocity constants of the opposed reactions, is thus easily 
determined by means of the end-point experiment. 
Substituting kK for k in (3) we have 


dx _ ps(A — 2)? — Ka}, 
¢ 
dx 
xv? — (2A + K)a + A’ 
* At the dilutions investigated, the degree of dissociation averages 90 per cent., 
with a variation from tiie mean of 4 per cent. 


= kdé. 


p 2 
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Integrating the expression on the left hand side by partial fractions, 
and bearing in mind that for ¢ = 0, a = 0, we obtain as the value 
of k, 


5 dite 
2t a/(a+8)—a nal At—a( a+ +a/(a+k A+e —*) 


or, if we use decadic, instead of natural, logarithms, 


“aed a OY) 
‘\/ (4+5) -4' "aaa S+a/(A+5)- —a) 


The expression, although complicated, is sufficiently convenient 
for calculation in the form given. The value of &’ is obtained from 
the equation k' = Kk. 

In the case of ethylammonium cyanate, the value of A is 0°1, and 
of £0°0912; so that from (4) we have 


(0'1 — 0-0912)* 
00912. 


If we now write the table for the transformation with the values of 
# in terms of a normal solution, and calculate the values of k by means 
of equation (5) we obtain it in the following form. 
t. Titre. zr. k. 
30 4°95 0°0198 0-081 
50 7°35 0°0294 0-083 
70 971 ; 0°082 
100 11-2 ‘ 0°081 
130 12°6 ; 0:079 


(5). k= 


K= = 0°00085. 


The expression given in equation (5) is thus constant, the mean 
value of & being 0°081. For k' we have 0:081 x 0°00085 = 0:000069. 
These constants give the amounts transformed in one minute when 
the original concentration is normal, and is maintained at that value. 
Thus 8 per cent. of a normal solution of ethylammonium cyanate 
would be transformed into ethylurea in one minute at 59°6°, if the 
concentration did not fall off as the action proceeded ; whilst of a 
normal solution of ethylurea only 0:007 per cent. would be re- 
transformed into cyanate under the same conditions. 

1 


The value obtained for e. z in decinormal solution was 0°0095, 
—2z 
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and this for a normal solution would become 0°095. It will be seen, 
therefore, that by neglecting the reverse action, the value of the 
simple constant is considerably greater than that of the real constant ; 
and this divergence becomes more marked as the rate of the reverse 
action increases. 

With ammonium cyanate itself, it is difficult to ascertain the actual 
eonstant k, because not only is there a reverse reaction, but a slow 
secondary transformation of cyanate into carbonate. Taking the 
practical” end-point as the basis of calculation (Walker and 
Hambly, loc. cit., 751), the values of the constant C is by the reverse 
action made greater than k, but by the subsidiary transformation it is 
made less than k, As these two disturbing influences nearly balance 
each other in amount, the observed value of C, namely 10 x 0°0144 
= 0'144, must be very nearly equal to k, so that for the transforma- 
tion of ammonium cyanate we may put k = 0°144. The real end- 
point (lac. cit., 750) lies at 95 per cent., and so for € we have 0°095, 
and for K, 00> = 0'000263, giving us k’ = 0-144 x 0:000263 = 
0000038. These results show that whilst the transformation of the 
ethylammonium cyanate is more rapid than that of the ammonium 
cyanate, the reverse transformation of the ethylurea proceeds more 
slowly than is the case with urea itself. 


Methylammonium Cyanate. 


When a decinormal solution of methylurea is heated for half an 
hour at 100°, it gives on cooling only a faint turbidity with silver 
nitrate solution. The titre of the filtered solution (see p. 193) after 
heating for 120 minutes was found to be 23°9, and after 150 minutes, 
240. The composition of the solution at the equilibrium point is 
thus 96 per cent. methylurea and 4 per cent. methylammonium 
cyanate, the value of & being, therefore, 0°096. For K, we have 


0-004? 
0-096 
Calculating the value of k from the formula given in equation (5) 
we obtain the following table from the experimental numbers for the 
direct transformation. 
¢, Titre. 2. k. 
10 30 00120 0141 
20 53 0:0212 0°135 
35 77 0:0308 0°129 
50 9°9 0°0396 0°133 
80 12°8 0°0512 0°132 
110 149 0°0596 07135 


Mean...... 134 


= 0:000166. 
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The value of k' is 0°134 x 0°:000166 = 0:000022. These numbers 
show that the direct transformation proceeds more rapidly in the 
case of methylammonium cyanate than in the case of the ethyl com- 
pound, the reverse being the fact for the retransformation of the 
corresponding ureas. 


Diethylammonium\ Cyanate. 


Unsymmetrical diethylurea, NH,"CO*NEt., when heated at 100°, 
gave the following numbers. 


t. Titre. Urea present. 
0 25°0 0°1000 
60 19°15 0:0766 
90 18°35 0°0734 
170 177 0:0708 
200 16°7 0°0668 
260 16°7 0:0668 


After three hours heating, the solution had acquired a faint am- 
moniacal smell and was alkaline to litmus paper. A very slight 
precipitate was obtained on the addition of calcium nitrate. The 
point of equilibrium in this case is much further removed from the 
urea end than in any of those previously considered, one-third of 
the urea having undergone transformation into diethylammonium 
cyanate. Calculating K from § = 0°0668 we obtain K = aa = 
0°0165. 

For the direct transformation of decinormal diethylammonium 
cyanate at 59°6°, the following values were obtained. 


t. Titre. a k. 
20 3°7 00148 0-088 
35 5°8 0:0232 
55 78 
80 9°8 

110 119 


The value of k' is Kk = 0°0165 x 0:090 = 0°00148. 

Whilst the constant for the direct transformation of the cyanate 
is not greatly different from the constant for the monethylammonium 
compound, namely 0:081, the constant of the reverse action is twenty 
times greater than the corresponding constant for monethyl urea, in 
consequence of the very different positions of the points of equili- 
brium in the two cases. 
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Dimethylammonium Cyanate. 


A decinormal solution of unsymmetrical dimethylurea gave the 
following numbers on heating at 100°. 


t. Titre. Urea present. 
0 25°0 0°1000 
30 23°8 0:0952 
60 23°4 0:0936 
90 22°8 00912 
150 21°6 0:0864 
210 21°1 00844 
270 21°1 0°0844 


After three hours heating, the solution had a feeble ammoniacal 
smell and gave no precipitate with calcium nitrate; after five hours 
the ammoniacal odour had greatly increased in intensity, and a slight 
turbidity with calcium nitrate was observed. The value of & is 
0-0844, from which we obtain K = 2015 _ 9.9288, 

U'U0844. 

The following table contains the results of the transformation of a 

decinormal solution of dimethylammonium cyanate at 59°6°. 


Titre. 2. Ez. 
82 0°0328 0-242 
11°8 0:0472 0-260 
13°0 00520 0°248 
14:3 0:0572 0°253 
16°2 00648 0-262 


Mean 


For k' we have Kk = 0°00288 x 0°253 = 0:00073. 

Here the rate of the direct transformation is almost double that 
found for the monomethyl compound, and is indeed the greatest we 
have observed. The constant for the reverse action is no less than 
thirty times greater than that for the transformation of monomethy]- 
urea, but is still much less than the corresponding constant for un- 
symmetrical diethylurea. 


Isoamylammonium Cyanate, NH;(CH,"CH,-CHMe,)CNO. 


The urea prepared from this amylammonium cyanate melted at 
88—89°, the melting point given by Custer (Ber., 1879, 12, 1330) 
being 89—91°. A decinormal solution yielded the following results 
at 100°. 
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‘ Titre, Urea present, 
0 25°0 0°1000 
30 248 00992 
90 243 0°0972 
180 23°65 00946 
270 23°6 0°0944 
After five hours heating, the solution of the urea was slightly 
coloured, but had no ammoniacal smell, and gave no precipitate 
with calcium nitrate solution. The value of & being 0°0944, we have 
00056? ' ‘ 
K = 7 0000334. 
The results obtained for the transformation of the amylammonium 
cyanate at 59°6° were as follows. 
t. Titre. x. k. 
40 7:2 00288 0090 
70 10°5 0:04.20 0°100 
100 1271 0°0484 
130 13°7 00548 
175 15°6 00624 
235 17:1 0°0684 


Mean........ 0°092 


For k' we obtain Kk = 0000334 x 0°092 = 0°000031. 

The constants in this case resemble more closely those of the 
monethyl compounds than the constants of any of the other alkyl 
derivatives we have investigated. 


Tertiary Amylammonium Cyanate, NH;(CMe.Et)-CNO. 


Tertiary amylurea, melting at 155°, exhibited an abnormal be- 
haviour when heated in decinormal aqueous solution at 100°. 
The titre, which at first diminished, after an interval of three hours 
reached a minimum, and then increased as the heating was prolonged. 


2 Titre. Urea present. 
30 21°1 00844 
60 17°95 0-0718 
90 16°2 0:0648 
120 155 0:0620 
150 14°8 0°0592 
180 143 0:0572 
200 15°1 0°0602 7 
230 15°5 0:0620? 
The solution had acquired a pronounced ammoniacal smell after 
90 minutes heating, and, after two hours, gave a very slight pre- 
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cipitate with calcium nitrate. When the minimum titre was 
reached, a light precipitate consisting of slender interlaced needles 
was observed to have separated from the solution, and this increased 
in bulk as the heating was continued. A small quantity of a white 
sublimate of similar appearance was also formed in the coldest part 
of the tube above the solution. Wurtz who first prepared tertiary 
amylurea (pseudo-amyleneurea) states that when tertiary amylammo- 
nium cyanate is treated with caustic potash it is converted into un- 
symmetrical tertiary diamylurea (pseudo-diamyleneurea; Annalen, 
1866, 139, 330). This substance he describes as being almost in- 
soluble in water and extremely volatile, subliming to a network of 
light delicate needles. Its properties are, therefore, identical with 
those of the substance observed by us, which was probably formed 
according to the equations 
2NHA:CO:NH, + 2H,O = NA,CO:NH; + (NH,).CO;, 

or, 2NH;A‘CNO =.NA,°CO-:NH, + NH¢CNO. 

The ammonium cyanate, supposed to be produced in the second 
equation, might either appear as urea or as ammonium carbonate, more 
probably as the latter, as the rise in the titre would then be accounted 
for (compare Walker and Hambly, loc. cit., 750). The abnormal 
course of the transformation renders the end-point uncertain, but tbe 
minimum value 00572 may be taken as an approximate value of &, 
an almost identical number having been obtained when the urea was 
transformed at 79°6°. . 

Tertiary amylammonium chloride was prepared from the corre- 
sponding urea as follows. The urea was boiled with strong potash 
solution for several hours in a flask with condensing tube, so that the 
ammonia might escape, and the amylamine be returned to the flask. 
The contents were next distilled into hydrochloric acid solution, and 
the solution of chlorides thus obtained evaporated almost to dryness 
on the water bath; the evaporation was completed in an exhausted 
desiccator over solid potash. Very little ammonium chloride was 
present, for on the conversion of a portion of the chloride into 
cyanate in the usual way, by means of silver cyanate, and rapid eva- 
poration to dryness of the cyanate solution, the urea obtained melted 
at 155°, the melting point of the original substance. 

A decinormal solution of the amylammonium cyanate, prepared in 
the manner above indicated, was heated at 59°6° with the following 
result. 

t, Titre. # k. 
100 3°0 00120 00137 
160 4-1 00164 0:0127 
220 ded 00176 0°0101 
404, 61 0°0244 0°0085 
584 76 00304 00082 


202 WALKER AND APPLEYARD: TRANSFORMATION OF THE 


The magnitude k was calculated with the end-point § = 0°0572, 
pase = 0'032. It will be seen that the value does 
not remain constant, bat continually diminishes as the action proceeds ; 
this is no doubt due to secondary decompositions of the same nature 
as those undergone by the urea. Wurtz remarks (loc. cit., p. 329) 
that tertiary amylurea exhibits a marked tendency to break up, with 
the formation of amylene as one of the products of decomposition. 
At the beginning of the action, the values of k are probably nearest 
the true value, so that we may adopt & = 0°013 as being approximately 
correct. A second set of experiments yielded almost identical results, 
the value of & for the first two determinations being 0°0135. 

For k’ we have Kk = 0:032 x 0°013 = 0:0004. 

Although these values for k and k' are somewhat uncertain, they are 
sufficiently accurate to show that whilst the direct transformation 
proceeds much more slowly than is the case with any of the other 
compounds examined, the reverse transformation is only exceeded in 
velocity by the diethyl and dimethyl compounds. 


whence K = 


Comparison of Constants. 


In the following table the values of the constants for the various 


cyanates aud ureas have been collected, in order to exhibit any 
regularities that might exist amongst them. 


Cyanate. y 100k’. 
Ammonium....... ’ 00038 
Methylammonium ‘ ; 00022 
Dimethylammonium ....... . - 0073 
Ethylammonium ‘ 0:007 
Diethylammonium 0148 
Isoamylammonium ‘ 0031 
Tertiary amylammonium... , 0°04 


The values of the constants have all been multiplied by 100 to 
avoid unnecessary ciphers, aud to give the results in percentages. 
Thus in the case of ammonium cyanate the numbers indicate that in 
a normal solution 144 per cent. would be transformed in the first 
minute if the concentration were maintained constant, the correspond- 
ing amount of retransformation in a normal solution of urea being 
only 00038 per cent. It must be borne in mind, however, that these 
values of k and k’ would not agree exactly with those obtained by 
actual experiment in normal solutions, for in calculating them the 
change of dissociation effected by dilution has been neglected, and it 
has been shown by Walker and Hambly (loc. cit., 763) that neglect 
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of this factor gives greater values for & in dilute solutions than it does 
in more concentrated solutions. 

A glance at the table suffices to show that there is no pronounced 
regularity in the values of &k. The introduction of a methyl group 
into ammonium cyanate leaves the velocity constant practically un- 
affected ; a second methyl group, however, raises it to almost double 
the original value. Ethyl groups diminish the value of the constant, 
the diminution being somewhat greater for the introduction of one 
group than for two. The increase in the constant effected by the 
second ethyl group is, however, very slight, and not at all comparable 
with the effect of a second methyl group. Both the amyl radicles 
lower the constant, the lowering in the case of tertiary amyl being 
very marked. The isomeric ethylammonium cyanate and dimethyl- 
ammonium cyanate have very different constants. This might be 
attributed to the fact that one isomeride is the salt of a primary base 
whilst the other isa salt of a secondary base, but the widely divergent 
values of the amylammonium cyanate3, where both bases are primary, 
show that isomerism within the alkyl group has as marked an influence 
on the constant as isomerism directly affecting the nitrogen atom. 

The values of k’ display as little regularity as the values of k. The 
introduction of one alkyl group into urea sometimes raises and some- 
times lowers the constant ; the introduction of a second alkyl group 


increases the value greatly in both cases examined. Isomeric sub- 
stances again have very different values of the constant. 


Points of Equilibrium. 


In calculating k and k’ for 59°6°, use was made of the end-point £, 
determined at 100°. The calculation thus proceeds on the assumption 
that the end-point is not appreciably influenced by temperature. 
This has already been shown to be the case for ammonium cyanate 
(loc. cit., 751), but there the circumstances were unfavourable for 
detecting any small variation. In the case of diethylurea and ter- 
tiary amylurea, the reverse action proceeds with considerable rapidity, 
and the equilibrium point is at a considerable distance from either end, 
so that the conditions are favourable for observing any displacement 
of this point by temperature. Experiments were therefore made at 
80° with both of these substances, with the result that the end-points 
observed at that temperature were, within the experimental error, 
identical with those obtained at 100°. Temperature, then, influences 
the position of the end-point to so small a degree that it is permis- 
sible to use the point of equilibrium determined at one temperature 
in calculating the velocity constants for another. 

The point of equilibrium is greatly influenced by the concentration 
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of the solution, as the following consideration will show. The trans- 
formation of a cyanate into the corresponding ‘urea is a bimolecular 
action; the reverse transformation of urea into cyanate is a uni- 
molecular action. In the latter case, each molecule is transformed 
independently of the others, so that the proportion of the whole 
transformed in a given time is quite independent of the dilution. On 
the other hand, two ions must meet before a molecule of urea can be 
formed ; consequently a smaller proportion of cyanate will be con- 
verted into urea as the dilution increases, for the chance of the ions 
meeting varies as the inverse square of the dilution. The result is 
that as the solutions are taken more and more dilute, the greater will 
be the proportion of ammonium cyanate present when equilibrium 
has been attained. It is easy to calculate the dilution at which half 
the cyanate has been converted into urea when equilibrium has been 
reached by means of the equation 


(A — €) 
=e ee | 
E 


If we express A, the original concentration in terms of a normal 
soluiion, and £ in terms of A, we have the following equation for the 
case of equilibrium in which the transformation has gone half way, 

_ (A — 05A)* _ ao. 

K=*\* << = 0°5 A. 
That is, the original concentration of cyanate expressed in terms of 
a normal solution for which the transformation into urea will stop 
half way is numerically equal to twice the ratio of the velocity con- 
stants, K, as determined from any single end-point experiment. The 
values of the end-points and of 2K for the various cyanates are 
tabulated below. 


Cyanate. 1008. 2K. 
Ammonium 95:0 0°00052-normal. 
Methylammonium 96°0 0:00033 
Dimethylammonium.... 84°4 0°0057 
Ethylammoniam........ 912 0°0017 
Diethylammonium 66'8 0:033 
Isoamylammonium ..... 944 0:00067 
Tertiaryamylammonium. 57:0 0:064 


In the first column the end-points are given in percentages for 
decinormal solutions; for example, the conversion of ammonium 
cyanate into urea ceases when 95 per cent. of the original amount has 
been transformed. The numbers in the second column give the con- 
centrations of the solutions in which the transformation will come to 
an end, when half the cyanate (or half the urea) has disappeared. It 
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should again be remarked that owing to neglect of the influence of 
dilution on the degree of eletrolytic dissociation, these numbers are 
somewhat greater than the true values, the error being relatively 
larger the smaller the number is. The table, therefore, rather under- 
rates the differences between the various substances. A solution of 
methylurea has consequently to be diluted more than 200 times as far 
as a solution of tertiary amylurea in order to get the same amount of 
urea decomposed in both cases. 


Trialkyl- and Tetralkyl-ammonium Cyanates. 


Although trialkyl- and tetralkyl-ammonium cyanates are not sup- 
posed to be transformed into ureas by heating with water, a few 
experiments were made with them in decinormal aqueous solution, 
in order to ascertain their behaviour under conditions similar to those 
with the monalkyl- and dialkyl-ammonium cyanates. 

Tetramethylammonium cyanate, prepared from the iodide and 
silver cyanate, did not change in titre after heating for 18 hours at 
59°6°. Triethylammonium cyanate, on the other hand, exhibited 
distinct signs of change, even after one hour’s heating, as may be 
seen from the following table. 


t. Titre. 
30 0-1 


90 O'2 
150 0°25 
1320 1:00 
2700 185 
When the experiment was interrupted, the solution was found to 
be strongly ammoniacal, and to give a copious precipitate with 
calcium nitrate. Five c.c. of the solution at ¢ = 2700 were treated 
with excess of calcium nitrate, and the precipitate filtered off. To 
the filtrate 5 c.c. of decinormal silver nitrate solution were added, and 
the insoluble salt so obtained was then removed by filtration. The 
titre of the filtrate was now found to be 12°0 c.c. instead of 1°85, the 
number obtained without treatment with calcium-.nitrate. These 
figures would seem to indicate that the final product of the trans- 
formation in this case is mostly acid triethylammonium carbonate, 
produced from the normal carbonate by protracted heating. 


XXII —Luteolin. Part I. 
By Arruur G. Perkin, F.R.S.E. 


THE yellow dyestuff weld, which contains the colouring matter 
luteolin, is the dried herbaceous plant known as Reseda luteola, a 
native of Europe, formerly cultivated in many parts, especially in 
France and Germany. Although with tin and aluminium mordants 
it yields purer and faster yellow shades than those given by quercitron 
and other well known natural dyestuffs, it is now but little employed, 
chiefly on account of the smal! amount of colouring matter it con- 
tains. 

In continuation of the study of the action of acids on the natural 
yellow colouring matters (Trrans., 1895, 67, 644), it was desirable to 
test the behaviour of luteolin in this respect, and being then struck 
by the very meagre examination it had received, it was deemed 
advisable to subject it to further investigation. 

Luteolin was isolated from weld by Chevreul (J. Chim. méd., 6, 
157), and subsequently studied by Moldenhauer (Annalen, 1856, 100, 
180), who assigned to it the formula C»H,O,. Schiitzenberger and 
Paraf (Jahresbericht, 1861, 707), on the other hand, considered 
it to have the formula C,,H,O,, and describe a lead salt, PbO,C,.H,O;. 
Somewhat later Hlasiwetz and Pfaundler (Annalen, 1859, 112, 107) 
gave it the formula C,;H,,O,, which is isomeric with paradiscetin, 
a substance they obtained by the action of fused alkali on quercetin 
(Annalen, 1859, 112, 102). By the action of nitric acid on luteolin, 
Rochleder (Zeit. fiir Chem., 1886, 602) obtained oxalic acid, and with 
fused. alkali protocatechuic acid and a substance which he con- 
sidered was in all probability phloroglucin. According to Chevreul 
(loc. vit.), luteolin unites with acids. 


EXPERIMENTAL Part. 


The preliminary experiments on the preparation of luteolin were 
carried out according to Moldenhauer’s directions (loc. cit.), but as 
the results were somewhat unsatisfactory, a new method was devised. 
Owing to the small amount of colouring matter which weld contains, 
the extraction of luteolin from the plant itself had to be abandoned, 
a commercial extract of the dyestuff being found preferable. For 
this purpose, however, it was necessary to have an extract specially 
prepared for this investigation, for experience showed that many of 
the so-called “ weld” extracts in the market are not preparations 
of weld at all; owing to ignorance of this fact, much time and 
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labour was lost, some of the so-called “ weld” extracts being found 
to consist chiefly of extract of Persian berries. 

Three hundred grams of true weld extract, dissolved in 3 litres of 
water to which 100 c.c. of hydrochloric acid was added, was digested 
at a boiling heat for several hours; the liquid was at first opaque, 
but as the boiling proceeded, a black, tarry mass gradually separated, 
and, as soon as this ceased to form, it was removed by filtration 
through calico, and the clear filtrate allowed to stand for 12 honrs, 
The brown amorphons precipitate of impure luteoiin which had then 
separated was collected, and, after being washed with water, was 
suspended in the same liquid, and shaken up with a large volume of 
ether, in which most of it dissolved. As the ethereal liquid did-not 
always readily separate from the mixture, it was found preferable 
to strain the whole through calico, separation quickly taking place 
when the undissolved product had been removed. The ethereal solu- 
tion was now extracted with dilute alkali, the alkaline extract neu- 
tralised with acid, and the yellow precipitate collected, washed with 
water, and allowed to drain upon a porous tile until it had the 
consistency of a thin clay. A saturated solution of this product in 
boiling alcohol, on cooling, deposited a crystalline mass, which was 
collected and repeatedly recrystallised from dilute alcohol until pure. 

As the residue left undissolved by the ether during the purification 
of the crude luteolin still contained some colouring matter, it was 
dissolved in a little alcohol, the solution treated with a large volume 
of ether, filtered, and the filtrate washed with water; from this, by 
extraction with alkali and treatment as above, pure luteolin could 
be obtained. The black, tarry matter which separated during the 
boiling of weld extract with dilute acid contained but a mere trace 
of colouring matter. An analysis of luteolin dried at 160° gave the 
following result. 


01149 gave 0°2644 CO, and 0°0413 H.0. C = 62°75; H= 3°99 p.c. 
C,.H,O; (Schiitzenberger and Paraf) requires C = 62°07; H = 3°44 ,, 
C,sHO, (Hlasiwetz and Pfaundler) ,, C= 62°94;H = 3°49 ,, 
CoH,,O, (Moldenhauer) » C=—6282;H =3°66 ,, 


This result, therefore, agrees well with the formule C,;H,,O, and 
C»H,O;, but not with the formula C,,H,O;. 

In conjunction with L. Pate (Trans., 1895, 67, 644), I have pre- 
viously shown that quercetin, fisetin, and various other allied yellow 
colouring matters, yield peculiar compounds with mineral acids, 
which as a rule indicate the molecular weight of these substances. 
The behaviour of luteolin towards these acids was therefore studied. 

Luteolin Sulphate——The addition of sulphuric acid to a saturated 
solution of luteolin in boiling acetic acid cansed the formation of ar 
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orange-coloured liquid, from which crystals gradually deposited on 
cooling. These were collected, washed with acetic acid, and dried. 


0°1229 gave 0°2104 CO, and 0:0378 H,O. C = 46°69; H = 3°41. 

01534 ,, 02635 ,, ,, 0°0475 ,, C = 46°84; H = 3°44, 
C,sH1o0.,H,SO, requires C = 46°87; H = 3:12 per cent. 
C:oH,4O.,H,SO, “ C = 50°00; H = 3°33 id 


The compound consisted of a mass of orange-red needles, insoluble 
in acetic acid; by treatment with water it is decomposed quanti- 
tatively into luteolin and sulphuric acid, as the following result 
shows. 


0°5225 gave 0°3910 C,;H,,O; and 0°3174 BaSO,. C,sH,O. = 74°81; 
Ss = 8°35. 
C15H00.,H.SO, requires C,sH 0, = 7448; S = 8°33 per cent. 


Luteolin Hydrobromide.—When hydrobromic acid is added to a 
pasty mixture of luteolin with boiling acetic acid, a clear solution is 
formed, but crystals are not deposited on cooling, unless a consider- 
able excess of the acid has been used. The product thus obtained was 
washed with acetic acid and dried. 


0°1250 gave 0°2160 CO, and 0°0375 H,O. C = 47:12; H = 3°33. 
01381 ,, 02298 , , 00485 ,, C = 47:09; H = 3°63. 
C,;HO.,HBr requires C = 49°04; H = 3:00 per cent. 
C,;H,0.,HBr,H,0 requires C = 46°75; H = 3°37 per cent. 


It consisted of an ochre-coloured mass of fine needles, which, by 
contact with water, are somewhat slowly decomposed into luteolin 
and hydrobromic acid, being much more stable in this respect than 
the corresponding compounds of quercetin, fisetin, and morin (loc. 
cit.). 

0°4124 gave 0°3081 C,sHwO;. CisHieO, = 74°70. 

06267 ,, 04690 " and 0°3040 AgBr. C,;H,O, = 74°81; 

Br = 20°63. 
C,sHi0O., HBr,H,0 requires C,;H;O, = 73°93 ; Br = 20°67 per cent. 


To be certain that the product obtained on decomposing the hydro- 
bromide by means of water was luteolin, it was dried at 160° and 
analysed, with the following result. 

01214 gave 02800 CO, and 0°0397 H,0. C = 62°90; H = 3°63. 

C,\sHO. requires C = 62°94; H = 3°49 per cent. 

Luteolin hydrochloride was prepared in the same way as the hydro- 
bromide, which it closely resembles. 

0°1384 gave 0°2675 CO, and 0°0472 H,0. C = 52°71; H = 3°79. 

C,sHiOs,HCl requires C = 55°81; H = 3°41 per cent. 
C,;Hi0.,HC1,H.0 requires C = 52°86; H = 3°81 per cent. 
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Luteolin hydriodide crystallises beautifully in orange-coloured 
glistening prisms. It was not analysed. 


The sulphuric acid compound of luteolin is of the normal cha- 
racter, and shows that the true formula of luteolin is C,;H,O,. The 
compounds of luteolin with the haloid acids are, however, peculiar, 
in that they appear to crystallise with 1H,0, and differ in this respect 
from the corresponding compounds of quercetin, fisetin, and morin, 
which do not contain water of crystallisation. Attempts to remove 
the water were ineffectual, the weight of these compounds remaining 
constant even at the temperature of boiling aniline, but the suppo- 
sition that they contain water of crystallisation receives weight from 
their comparative stability towards water, and the fact that they are 
not formed except in the presence of some quantity of the aqueous 
acid. Moreover, analysis has shown that the formula of luteolin 
cannot be C\;H.~O, + H,O (C\sH2.0,;) (C = 59°21; H = 3:94); and 
further, luteolin is regenerated from them by prolonged contact with 
water. They must therefore possess the formula assigned to them. 

Dibromoluteolin.—In order to leave not the slightest doubt as to the 
molecular weight of luteolin, experiments were carried out with the 
ebject of preparing a bromine derivative. Luteolin ground into a 
thin paste with acetic acid was treated with slightly more. than the 
theoretical amount of bromine necessary for the production of a 
dibromo-derivative. Hydrogen bromide was evolved, and after the 
mixture had been left for 48 hours, the product was drained upon a 
porous tile, and purified by crystallisation from acetic acid, 


0°1339 gave 0°2000 CO, and 0:0300 H,O. C = 40°73; H = 2°48. 
03061 ,, by Carius’ method 0°2610 AgBr. Br = 36°29. 
C,;H,Br,0, requires C = 40°54; H = 1°80; Br = 36:04 per cent. 


There can, therefore, be no doubt that the formula of luteolin is 
correctly represented by Cy3H Ox. 

Dibromoluteolin was obtained as a glistening mass of lemon-yellow 
needles, melting at 303°, sparingly soluble in alcohol, and acetic 
acid. 

By crystallisation from dilute alcohol, luteolin is obtained as 
a glistening mass of yellow needles almost identical in appearance 
with quercetin or fisetin. Examined in Zeisel’s apparatus, it was 
found to contain no methoxy-group. As previously shown by other 
workers it melts above 320°, and yields with ferric chloride in alco- 
holic solution first a green, and then a brown-red, coloration, 

Tetracetylluteolin.—A solution of one part of luteolin, and one of 
anhydrous sodium acetate in six parts of acetic anhydride was boiled 
for one hour, the product poured into water, and after being allowed 
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to stand 24 hours, collected and purified by crystallisation from 
alcohol. 


0°1108 gave 0'2465 CO, and 0:0399 H,O. C = 60°67; H = 400. 
C1sH,0.(C.H;0), requires C = 69°79; H = 3:96 per cent. 


It forms a silky mass of colourless needles melting at 213—215°, 
very sparingly soluble in alcohol. It is insoluble in cold alkaline 
solutions. 

In order to determine the number of acetyl groups present, a slight 
modification of Liebermann’s method was adopted. To a solution of 
the substance in boiling acetic acid, a few drops of sulphuric acid 
were added and the whole boiled for about a minute; a considerable 
quantity of boiling water was then added, and the crystals of luteolin 
which separated on cooling, were collected and weighed. 


0°5283 gave 0°3310 luteolin. C,sHiO. = 62°65. 
C.5H;0.(C.H;0)s requires CisH yO, = 69°41 per cent. 
C,;H,O.(C,H;0), ” C,sH 0, = 62°99 ” 


It was, therefore, a tetracetyl derivative. 

Dibromotetracetylluteolin, prepared from dibromoluteolin in a similar 
way to the above compound from luteolin, was obtained in the form 
of fine colourless needles melting at 218—220°; it is very sparingly 


soluble in‘alcohol. 


0°1359 gave 0°2220 CO, and 0:0353 H,O. C = 4462; H = 2°88. 
C,;H,O.Br.(C,H;0), requires C = 45°09 ; H = 2°61 per cent. 


Tetrabenzoylluteolin was prepared from luteolin by the method of 
Baumann and Schotten, using a ten per cent. solution of caustic soda. 
The colourless sticky product thus formed became solid after some 
hours ; it was then ground into a paste with water, well washed with 
dilute alkali, and purified by crystallisation from benzene. 


0°1114 gave 0'2996 CO, and 0°0397 H,O. C= 73:33; H = 3°95. 
C,,;H,0.(C;H;0); requires C = 72°24; H = 3°65 per cent. 
C,,H,O.(C;H;0), 9 C = 73°50 H H = 3°70 ” 


It was, therefore, a tetrabenzoyl derivative. From benzene, in 
which it is sparingly soluble, it was obtained as a spongy mass of 
colourless needles melting at 200—201°, 

Action of Fused Alkali on Luteolin.—Rochleder (loc. cit.) has stated 
that luteolin, when fused with alkali, yields protocatechuic acid, and 
probably phloroglucin, but as judging from the formula of luteolin 
the production of the latter seemed somewhat unlikely, experiments. 
were made to determine this point. Unfortunately, however, but 
a small quantity of pure luteolin was available for this purpose, 
and the results obtained, although sufficient to prove that phloro- 
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glucin is not produced at the temperature employed, must be con- 
sidered as but preliminary to an exhaustive study of this reaction, 

Luteolin was heated at 170—200° for half an hour with 10 times 
its weight of potassium hydroxide dissolved in a little water; the 
melt was dissolved in water, the solution neutralised with acid, 
extracted with ether, the extract evaporated, and the crystalline 
residue dissolved in a little caustic potash. After saturation with 
carbonic anhydride, the alkaline liquid was extracted with ether, and 
the residue left on evaporating the ethereal extract was purified by 
crystallisation from water. The mass of almost colourless needles 
thus obtained, melted at 210°, and when dissolved in water, the solu- 
tion gave no coloration with ferric chloride. It could not, there- 
fore, be phloroglucin, which gives such a characteristic reaction with 
this reagent. The further examination of this substance will no 
doubt throw considerable light on the constitution of luteolin. 

To isolate the second product of the reaction, the remaining 
alkaline solution was neutralised with acid and extracted with ether ; 
on evaporating the ethereal extract, a crystalline residue was obtained 
which after crystallisation from water, formed colourless needles 
melting at 195°; these, when dissolved in water, gave a strong green 
coloration with ferric chloride. It had all the properties of proto- 
catechuic acid and was found to be identical with it. 

Methylation of Luteolin.—One part of luteolin dissolved in a solu- 
tion of 10 parts of caustic potash in methylic alcohol, was treated 
with excess of methylic iodide, and digested at the boiling heat for 
24 hours. After removal of the excess of methylic iodide, and 
the greater portion of the alcohol by distillation, the residue was 
poured into water, the precipitated product dissolved in ether, and 
the resulting solution after being washed with dilute alkali was 
evaporated to a small bulk. The crystalline mass which separated 
on cooling, was collected, rinsed with a little ether, and purified 
by crystallisation from alcohol. 


0°1078 gave 0°2643 CO, and 0°0555 H,O. C = 66°86; H = 5°71. 
0°1264 ,, 03102 CO, and 0°0635 H,O. C = 66°92; H = 5°58. 
C,;H,O.(CHs), requires C = 66°66; H = 5°55 per cent. 


This compound is deposited from alcohol as a spongy mass of 
needles, of a faintly yellowish tint, insoluble in alkalis, and melting 
at 191—192°. A determination of the methoxy-groups present in- 
dicated that the compound contained but three of them, in which 
case it would be a derivative of methylluteolin. Owing, however, to 
lack of material, this result cannot at present be confirmed, but it is 
hoped soon to be able to thoroughly investigate this reaction. 

If the properties of luteolin be considered, one cannot but be 
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struck with their close similarity to those of fisetin, C,;H,O,, the 
colouring matter of “ Young Fustic” (Rhus Cotinus., L.). This sub- 
stance according to the investigations of Schmid (Ber., 1886, 19, 1739) 
and Herzig (Ber., 1895, 28, 293) contains four hydroxyl groups, 
yields a dibromo-derivative, is readily decomposed into resorcinol 
and protocatechuic acid, and, as I have shown (loc. cit.), also unites 
with mineral acids. Fisetin (Herzig, loc. cit., and Kostanecki, Ber., 
1895, 28, 2302) is most probably a tetrahydroxy-8-phenylpheno- 
y-pyrone, and its constitution is as follows. 


Though it is at present too early to speak with certainty as to the 
constitution of luteolin, it is most probable that its further examina- 
tion will show it to differ only from fisetin in the position of the 
hydroxyl group in the pheno-y-pyrone ring. 

The study of luteolin will be continued by the author in conjunc- 
tion with Mr. G. Y. Allen. 


Clothworkers’ Research Laboratory, 


Dyeing Department, 
Yorkshire College. 


XXIII.—Lead Tetracetate and the Plumbic Salts. 
By A. Hurcminson, M.A., Ph.D., and W. Poutarp, B.A., Ph.D. 


Introduction. 

In a note published in this Journal in September, 1893 (Trans., 
1893, 63, 1136), we pointed out that the crystals obtained when 
minium is dissolved in glacial acetic acid were to be regarded as 
lead tetracetate, a salt of lead dioxide, and that it would in all 
probability be possible to prepare other salts of quadrivaler.c lead from 
this substance. During the past two years we have, as opportunity 
offered, attempted a fuller study of the properties of this compound, 
and, although some points are still under investigation, we venture 
now to lay before the Society the results we have so far obtained. 


Lead Tetracetate. 


Historical.—Since the time of Berzelius, chemists have been aware 
that minium is soluble in acetic acid, and a method of detecting and 
estimating certain impurities found in the commercial article has 
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been based on this fact. Little, however, was known of the proper- 
ties of this solution till Jacquelain noticed (Comptes rendus mensuels 
des Travaux Chimiques, 1851, 1; Abstr., J. pr. Chem., 1851, 53, 
151), as Dumas had done before him, that a solution of minium in 
aqueous acetic acid soon decomposed and deposited lead dioxide; he 
found, also, that this decomposition was greatly accelerated hy heat 
or by the addition of water, and further observed that when he 
employed glacial acetic acid at 40° as the solvent, the solution, on 
cooling, deposited a crop of slender, colourless, oblique prisms. The 
formation of these crystals had, Jacquelain tells us, been previously 
noted by Balard, who did not, however, study them. 

A few years later, Schénbein (J. pr. Chem., 1858, 74, 315) made 
similar observations on the behaviour of the solution of minium 
in acetic acid, and found that sulphuric acid precipitated only a part 
of the lead from this liquid, leaving in solution the “ acetate of lead 
peroxide ;” Schénbein does not appear to have been acquainted with 
Jacquelain’s work, nor to have obtained any crystals from his solu- 
tions. On filtering off the crystals of “ acétate de bioxide de plomb,” 
and attempting to dry them between filter paper, Jacquelain found 
that they quickly turned brown, decomposing into lead peroxide and 
acetic acid. On the addition of water, this decomposition became 
complete, and he was therefore able to determine the percentage of 
acetic anhydride in the substance by titrating the aqueous solution 
with standard alkali. The lead was estimated as chloride in another 
portion. ' 

The results led him to adopt the improbable formula 


PbO,,3(C,H;0;) [0 = 100, Pb = 129°4, H = 12°5, C = 75], 


which requires lead dioxide = 43°86 and acetic anhydride = 56°14 
per cent. Finding that: Jacquelain’s improbable formula was based 
on insufficient data, we determined to submit the substance anew to 
investigation. 

Preparation Commercial red lead was added little by little to hot 
glacial acetic acid till no more dissolved and lead peroxide began to 
separate; the solution was then either filtered hot, or the crystals 
deposited on cooling were subsequently freed from peroxide by 
collecting them in a funnel on a porcelain filtering plate, and washing 
away the finely divided peroxide by cold acetic acid. The crystals 
were purified by recrystallisation from hot glacial acetic acid, and 
dried over sulphuric acid in a vacuum. 

As regards the interaction which takes place, Jacquelain seems to 
have held the view that a compound of minium with acetic acid is 
first formed, for he speaks of an “acetate of minium” which, as 
the solution crystallises, splits up, yielding crystals of acetate of 
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dioxide of lead, and ordinary lead acetate which remains dissolved. 
Schénbein, on the other hand, believed that when minium dis- 
solved in acetic acid, the two oxides contained in the former separated, 
and that both lead acetate and acetate of the peroxide were present 
in solution. As, however, lead peroxide is insoluble in acetic acid, 
Schinbein adopted the hypothesis that lead peroxide can exist in two 
conditions, in one of which it is capable of union with acetic acid 
and in the other incapable of such combination. 

We are inclined to think that Schénbein’s view is in the main 
the correct one, for it is conceivable that the peroxide set free from 
minium by abstraction of lead monoxide should, at the moment of its 
formation, be capable of combining with acetic acid, although it is 
insoluble when once formed. We have not, however, so far been able 
to obtain fresh direct experimental evidence bearing on this point. 

The substance can be readily analysed by taking advantage of the 
extraordinary ease with which water decomposes it; a weighed 
portion was treated with hot water, the PbO, collected on a tared 
filter, dried at 110°, and weighed, the acetic acid being estimated in 
the filtrate by titration with a standard alkali. The lead determina- 
tions were checked by direct conversion of other portions into 
chloride and sulphate by evaporation with the respective acids. 

Analyses I, IJ, and IV were made on different samples, II and III 
on the same. 


I. 0°8757 gave 0°4735 PbO,, and required 98°4 c.c. of potash 
solution (1 c.c. = 0°00448 KOH). 
II. 0°8770 gave 0°4755 PbO,, and required 79°9 c.c. of soda solu- 
tion (1 c.c. = 000395 NaOH). 
III. 0°6403 gave 0°4040 PbCl,. 
IV. 0°5474 gave 0°3760 PbSQ, 


Calculated for 
} a i. III. IV. Pb(C,H;0¢) ;. 


PbO,...6..6. 5407 5422 5426 5416 53-93 
(CH;CO),0.. 4585 4588 —- — 46:07 


99°92 100°10 100-00 


The pure crystals begin to melt at 175°, and decompose at a tem- 
perature a few degrees higher. The only substance known to us 
which dissolves the tetracetate without change is glacial acetic acid, 
in which it is readily soluble when hot, crystallising out again on 
cooling. Before using this solvent for the molecular weight deter- 
minations, we estimated the amount of tetracetate contained in a 
solution saturated at 17°. For this purpose, two portions of the 
solution were weighed, and the lead determined in the one case as 
chloride, and in the other as sulphate. 
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I. 10°57 grams of solution gave 0°178 of PbCl,. Hence 100 grams 
of acetic acid dissolve 2°76 grams of lead tetracetate at 17°. 
IJ. 10°57 grams of solution gave 0°1947 gram of PbSO, Hence 
100 grams of acetic acid dissolve 2°77 grams of lead tetr- 
acetate at 17°. 


Lead tetracetate is easily soluble in cold chloroform, but, owing to 
partial decomposition, gives a muddy-brown solution. If, however, 
the acetate is previously moistened with a small quantity of acetic 
acid a clear solution is obtained. Boiling carbon tetrachloride (dried 
over fused calcium chloride or over phosphoric anhydride) dissolves 
it slightly, the greater part of the salt crystallising out on cooling. 
Hot benzene (dried over sodium) dissolves it somewhat more readily ; 
in both these cases a small quantity of acetic acid is necessary to pre- 
vent the solation turning brown. The tetracetate is very slightly 
soluble in ether and light petroleum, and only slowly attacked by 
these solvents if they are thoroughly dry. 

The specific gravity was determined in a pyknometer in the ordi- 
nary way, but, owing to the difficulty of finding any other liquid 
which would neither dissolve nor act on the salt we were obliged to 
use a saturated solution of the tetracetate in glacial acetic acid. 

The specific gravity of the solution saturated at 16°4 was 1:0692 
at 16°4°/4°, 

A second determination made as a control, in a small pykuometer, 
on a portion of the solution which had just been used for finding the 
specific gravity of the solid gave the value 1-0678 at 17:2°/4°. 

Two determinations of the specific gravity of the solid as compared 
with the solution gave the values 2°084 at 16°9° and 2°075 at 18:2°. 
Hence the specific gravity of the solid, as compared with water at 
4°, is (A) 2'228 at 16°9° and (B) 2°218 at 182°; of these results, A 
is probably the more accurate, and was got by using 8484 grams of 
the solid in a 25 c.c. pyknometer, especial care being taken to get rid 
of all air bubbles. 

Crystallography of Lead Tetracetate. 

The crystals are typically monoclinic, colourless, transparent 
prisms, greatly elongated in the direction of the c axis. They are 
usually 10 to 25 mm. in length, and 1 to 2 x 1 to 2 mm. in section. 

The faces m and b are often about equally developed, their combi- 
nation giving a nearly hexagonal prism. The form {210} is not of 
very frequent occurrence, and is always narrow and subordinate. 
Cleavage b perfect. 

The crystals decomposed so easily that no complete optical exami- 
uation could be made. 

The extinction observed through b makes an angle of —164° with 
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the c axis, and this is the direction of vibration of the ray traversing 
the plate with the greatest velocity. 


System: Monoclinic. 
Ratio of axes: 
a:b:c = 05874: 1: 048485. B= 74° 24’. 
Forms observed : 


b = {010}, m = {110}, x = {210}, g = {O11}. 


Angle No. of Mean 
measured. measurements, Limits. observed. Calculated. 
mn’” = 110: 110 8 59° 36’— 58° 34’ 59° 0’ 59° 0’ 
110 : 010 12 60 17— 60 60 30 * 
210 : 210 y 31 48— 31 31 40 81 36 
210 : 010 74 20— 74 74 12 74 12 
210: 110 13 52— 13 13 38 13 42 
011 : OI1 50 14— 49 50 4 50 4 
011 : 010 65 12— 64 64 58 
011 : 110 E 90 20— 90 90 138 
: 110 — 65 4 65 


Molecular Weight of Lead Tetracetate by Raoult’s Methods.—The 
only solvent available for this purpose was glacial acetic acid; the 
specimen employed was carefully purified by recrystallisation, and 


melted at 16°58°. 

The freezing-points of solutions of various concentrations were de- 
termined in Beckmann’s apparatus (Zeit. physikal. Chem., 1891, 7, 
323), and the precautions taken by him to prevent the acid absorbing 
moisture from the air, were found highly necessary, and were duly 
observed. The earlier boiling point determinations were made with 
Beckmann’s original apparatus (Zeit. physikal. Chem., 1889, 4, 543) ; 
better results were, however, subsequently obtained with the im- 
proved form described by him in 1891 (Zeit. physikal. Chem., 1891, 8, 
223). Preliminary experiments made by adding successive portions 
of acetate to the boiling solvent proved unsatisfactory, probably be- 
cause a slight decomposition of the acetate was brought about either 
by the long-continued boiling of its solution, by the action of mois- 
ture, or by organic matter derived from the cork, and we found it 
advisable to eliminate as far as possible these sources of error by 
making a separate determination at each concentration. The con- 
stants of the acid were taken as 39 and 25°3 respectively. Our results 
are contained in the following tables. 

The molecular weight of Pb(C,H;0,), is 443. The numbers 
tabulated on p. 217 leave but little doubt, therefore, that in solution 
lead tetracetate consists essentially of molecules of the formula 
Pb(C,H;0.),. 
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Freezing Point Method. 


Grams of | Grams of Rise Grams of substance | Molecular 
solvent. substance. | observed. | in 100 of solvent. weight. 


0°1915 070 “73 407 °O 
0 °4538 164 73 412 ‘0 
0 ‘5544 202 “23 408 °5 
0 6690 *243 "5d 410°0 


0°3616 138 ‘ 394°5 
0 ‘6513 *238 ‘ 412 °0 


0°1250 049 : 398 0 


Boiling Point Method. 


Rise Grams of substance | Molecular 
observed. | in 100 of solvent. weight. 


| 
| 
| | 
| 


Grams of Grams of 


solvent. | substance. 


21° 
50 
25 
51 
52 
ce cces 26 
VIT .. see 23 


0 +2578 02 355 
0°5620 075 | ‘11 376 
04830 1 ‘91 366 
0 +9950 ‘93 365 
1 °2363 16 36 357 
1°4733 | 0° 56 373 
2 -0860 “609 | 72 362 


Om Oo 


It is interesting in this connection to compare these numbers with 
the value 69 obtained by Beckmann for the mean molecular weight 
of sodium acetate dissolved in boiling glacial acetic acid (Zeit. 
physikal. Chem., 1890, 6, 450). 

It will be noticed that the ratio of the mean molecular weight ob- 
served (by boiling point method) to the true molecular weight i 
365/443 = 0°824 for lead tetracetate, and 69/82 = 0°841 for sodium 
acetate. 

Molecular Volume of Lead Tetracetate-——The formula Pb(C,H;0,), 
obtained some slight additional support from the fact that, taking 
the specific gravity as 2°228, we find that the molecular volume is 
199, a number which agrees well with that calculated by the aid of the 
empirical law enunciated by Schréder (Ber., 1881, 14, 1607), namely, 
that for a large number of anhydrous acetates the molecular volume 
of the salt is the same as that of the molecules of acetic acid from 
which it has been derived. This statement is illustrated in the 
following table. 


918 HUTCHINSON AND POLLARD: LEAD TETRACETATE 


Salt. 


4C0,H,0... eeeeve 


(C2H302).Mg $e (C,H302),Pb ... 
n ee 


” 


SSSSR8SS 
oSworaad 


Action of Water.—Lead tetracetate is extraordinarily sensitive to 
the presence of water, so much so, indeed, that exposure to the air 
for a few moments suffices to turn it brown. The interaction repre- 
sented by the equation Pb(C,H;0,), + 2H,O = PbO, + 4C,H,0O., 
takes place quantitatively, and forms the basis of the method of 
analysing the salt used by Jacquelain and ourselves. This salt 
might sometimes be useful for detecting the presence of moisture in 
gases. 

Action of Hydrochloric acid.—Lead tetracetate is readily dissolved 
by concentrated aqueous hydrochloric acid, giving a deep yellow 
solution, which contains lead tetrachloride, produced in accordance 
with the equation Pb(C,H;0,), + 4HCl = PbCl, + 4C,H,O,. The 
lead tetrachloride cannot, however, be directly isolated, and, on 
standing, or more quickly on warming, the yellow colour disappears, 
chlorine is given off and lead dichloride is left, whilst, in all prob- 
ability, partial chlorination of the acetic acid occurs at the same time. 

The existence of lead tetrachloride in this liquid may, nevertheless, 
be readily demonstrated by pouring it into dilute aqueous hydro- 
chloric acid, saturated with ammonium chloride, when the double salt, 
PbCl,,2NH,Cl, at once separates as a yellow precipitate. A salt of 
this nature was isolated in 1885 by Nikolukine (Abstr., 1886, 123; 
from J. Russ. Chem. Soc., 1885, 207) from the solution of lead dioxide 
in hydrochloric acid, but he does not appear to have assigned any 
formula to it. Some years later, Classen and Zahorski (Zeit. anorg. 
Chem., 1893, 4, 100) prepared the salt 2PbCl,,5NH,Cl, by adding con- 
centrated ammonium chloride solution to the homogeneous liquid 
obtained when lead dichloride, concentrated hydrochloric acid, and 
liquid chlorine were digested together for some hours. 

Substituting quinoline hydrochloride for ammonium chloride, they 
obtained from the same solution the salt PbC],,2C,NH,HCI. 

Wells (Zeit. anorg. Chem., 1893, 4, 335), on the other hand, and 
Friedrich (Ber., 1893, 26, 1434) are both of opinion that the formula 
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of the ammonium salt is really PbCl,,2NH,Cl. The former obtained 
it by adding ammonium chloride dissolved in hydrochloric acid to a 
solution of lead dioxide in the same acid, and made the correspond- 
ing potassium, rubidium, and cesium compounds by a similar process. 
The latter worked with a solution of lead tetrachloride prepared 
by passing chlorine gas into lead dichloride dissolved in aqueous 
hydrochloric acid. 

Goebbels (Ber., 1895, 28, 792) has recently sought to explain this 
discrepancy by assuming that two sets of double salts exist, of the 
types PbCl,,2M'Cl and 2PbC],,5M’C] respectively, and claims to have 
prepared the two corresponding lutidine compounds, and also a 
picoline salt, 3PbCl,,7C,NH,,HCI, belonging to a different type. 

Finding that ammonium chloride was precipitated from its satu- 
rated aqueous solution on the addition of hydrochloric acid, we 
endeavoured, when preparing our salt, to avoid this source of 
impurity by using, as Wells had done, a solution of ammonium 
chloride in hydrochloric acid. 

The following analyses show that the salt obtained by us under 
these condilions is identical with those prepared by Wells and 
Friedrich. 

I. 0°6888 gave 0°4590 PbSO,. Pb = 45°51, 
II. 05437 ,, 1:0234 AgCl. Cl = 46°54. 
III. 0°7905 required 35:1 c.c. of Na,S,0;. Cl (active) = 15°21. 
(1 c.c. = 0°2396 Na,§8,0;). 

PbCl,,2NH,Cl requires Pb = 45°39, Cl = 46°71, Cl (active) = 

15°57 per cent. 


Action of Gaseous Hydrogen Chloride.—This gas, dried by means of 
sulphuric acid, acts energetically on lead tetracetate in accordance 
with the equation given above, and in the early part of 1893, we 
made numerous attempts to separate the acetic acid from the tetrachlo- 
ride by means of carbon tetrachloride and other liquids. Our efforts 
in this direction met with no success until we learnt from Friedrich’s 
paper (Ber., 1893, 26, 1434) that lead tetrachloride is not acted on 
by sulphuric acid, when by employing this acid we were able to 
prepare small quantities of lead tetrachloride direct from the tetr- 
acetate. For this purpose, a few grams of the finely powdered salt 
were placed in a test tube and covered with concentrated sulphuric 
acid, 

The tube was then quickly cooled in ice, and dry hydrogen 
chloride was passed in; after a short time, a globule of lead tetra- 
chloride collected at the bottom of the tube. The yield was un- 
fortunately small, the greater portion of the lead being converted 
into sulphate. A similar result, but a still poorer yield, was obtained 


220 HUTCHINSON AND POLLARD: LEAD TETRACETATE 


by passing hydrogen chloride over lead tetracetate kept cool in ice; 
on adding cold, concentrated sulphuric acid, the acetic acid was 
dissolved, and a small globule of lead tetrachloride remained. 

Action of Hydrobromic and Hydriodic acids.—Lead tetracetate dis- 
solves in the concentrated acids, but almost immediate separation of 
the halogen and corresponding haloid occurs. We have not 
succeeded in isolating double salts from the solutions, but Classen 
and Zahorski have prepared the two quinoline derivatives, 
PbBr,,2C,NH;,,HBr and PbI,,2C,NH;,HI, by decomposing the 
chloride with potassium bromide and iodide respectively. 

Action of Hydrofluoric acid——The aqueous acid (37 per cent.) 
dissolves lead tetracetate readily, and gives a colourless solution, 
which, in all probability, contains either PbF, or H,PbF,. If excess 
of acid is present, the solution is stable at the ordinary temperature, 
but, like the liquid obtained when hydrochloric acid is used, it is 
entirely broken up on evaporation even in a vacuum; the decomposi- 
tion in this case, however, takes a somewhat different course, and 
results in the quantitative deposition of lead dioxide in accordance 
with the equation PbF, + 2H,0 = PbO, + 4HF. 

The explanation of this difference in the behaviour of the two 
haloids is most likely to be sought in the small relative affinity of 
hydrofluoric acid as compared with hydrochloric acid. 

The hydrofluoric acid solution of the tetracetate may, however, be 
evaporated to dryness without separation of lead dioxide if a small 
quantity of ammonium fluoride is first added to it, and leaves then a 
residue rich in quadrivalent lead. This is, doubtless, due to the 
formation of an ammonium double salt analogous to those derived 
from lead tetrachloride.* 

Action of Hydrogen Sulphide—In view of the ease with which 
water and lead tetracetate interact to form lead dioxide, we thought 
it desirable to see if a corresponding sulphide, PbS, could be pre- 
pared by passing hydrogen sulphide over the salt or into its solutions 
in glacial acetic acid or chloroform. The product, in all cases, 
appeared to consist of lead sulphide and free sulphur, and we have 


been quite unable to obtain any evidence of the existence of the 
bisulphide Pb8,. 


* We obtained the above results in the summer of 1893, but were unable to 
continue the research till the following spring. In the meantime, several points 
we had proposed to investigate, were cleared up in an interesting paper by Brauner 
(Trans., 1894, 65, 393), who, unknown to us, had been working on the same lines 
as ourselves, and who by a similar method to the above, succeeded in preparing 
considerable quantities of the salt PbF,, 3KF, HF, isomorphous with the cor- 
responding tin compound, pink salt, SnF,, 3KF, HF, and pointed out that after 
hydrofluoric acid had been expelled by heating at 250°, the residue yielded fluorine 
on ignition, 
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Action of Sulphuric acid.—Lead tetracetate is insoluble in aqueous 
sulphuric acid, which rapidly converts it into lead dioxide. When 
treated with the concentrated acid at ordinary temperatures, no 
change occurs at first, but after a time the salt turns yellow, slowly 
gelatinises, and finally decomposes, lead sulphate being deposited, 
and a small quantity of gas chiefly consisting of carbon dioxide 
evolved. This change takes place at once if the acid and salt are 
warmed together on the water bath; under these conditions, lead 
tetrasulphate, Pb(SQO,)., if formed, is exceedingly unstable, and we 
have not been able to obtain any satisfactory proof of its existence. 
Brauner (Zeit. anorg. Chem., 1894, '7, 11), however, found that a clear 
solution of lead tetrafinoride in excess of concentrated sulphuric acid 
deposited yellow crusts, believed by him to be Pb(SO,). when it was 
warmed to 100° from time to time, during a period of more than two 
months. 


Lead Tetraphosphate. 


When a 50 per cent. aqueous solution of orthophosphoric acid is 
allowed to act on lead tetracetate, the latter is converted into a pale 
yellow gelatinous mass, which readily turns brown on adding excess 
of water, and evolves chlorine when treated with hydrochloric acid. 
These observations led us to make numerous attempts to prepare 
phosphates of quadrivalent lead, and though we have not so far been 
successful in preparing a pure specimen of such a compound, we 
believe, nevertheless, that our results warrant the assertion that 
Pb(HPO,), is capable of existence, and we attribute our inability to 
obtain it pure chiefly to the lack of a suitable solvent for lead tetr- 
acetate, and also to the difficulty of washing away excess of phosphoric 
acid, without at the same time decomposing the tetraphosphate 
formed. In the course of this part of our work, a large number of 
preparations has been made and analysed ; we only propose, however, 
to describe a few experiments which either illustrate our methods or 
give information as to the nature of the compounds obtained. 

1. Lead tetracetate was dissolved in glacial acetic acid, excess of 
aqueous phosphoric acid added, and the white gelatinous precipitate, 
after being collected on a filter plate, and washed first with acetic acid 
and finally with absolute alcohol, was then placed over sulphuric acid 
in a vacuum till all smell of acetic acid had disappeared. The solid 
obtained turned brown when treated with water, and contained 7°9 
per cent. of quadrivalent lead, Pb'Y (determined by distillation with 
hydrochloric acid) 52 per cent. of bivalent lead, Pb” (total lead 
— Pb'") and 12°54 percent. of phosphorus. Pb: P = 1:1:417, Two 
orthophosphates of lead Pb;(PO,), and PbH PO, have been described. 
They contain Pb and P in the ratio 1 : 0:666 and 1: 1 respectively. 
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Corresponding phosphates of quadrivalent lead would be Pb;(PO,), 
and Pb(HPO,)., with the ratio Ph: P = 1:1:333 and 1:2. The 
analysis shows that the sample contains more phosphorus than would 
be found if all the bivalent lead were present as PbHPQ,, and the 
quadrivalent lead as Pb(HPO,).; this is doubtless due to imperfect 
washing, while the explanation of the small amount of quadrivalent 
lead is to be sought in the reducing action of the absolute alcohol. 

2. It was subsequently found that much better results could be 
obtained by adding a solution of tetracetate in acetic acid to a concen- 
trated solution of aqueous phosphoric acid, mixed with two or three 
times its volume of acetic acid. The precipitate which formed was. 
sucked up, washed quickly with acetic acid only, and dried as com. 
pletely as possible in a vacuum over sulphuric acid and solid caustic 
soda. This specimen proved, on analysis, to be entirely free from 
bivalent lead, whilst quadrivalent lead and phosphorus were present 
in the ratio 1 : 2:36. Owing to the presence of excess. of phosphoric 
acid as an impurity we have not been able to assign a definite formula 
to this compound, the fact that all the lead is quadrivalent proves, 
however, quite conclusively that tetraphosphates of lead can be pre- 
pared by precipitation. 

3. Lead tetracetate is only slightly soluble in cold glacial acetic 
acid, and any method involving the use of large quantities of such a 
solvent is open to so many objections that we resolved to try and 
precipitate chloroform solutions of the tetracetate by alcoholic phos- 
phoric acid. Preliminary experiments showed us that the salts 
obtained in this way contained considerable quantities of quadrivalent 
lead, and were fairly stable in the presence of alcoholic phosphoric 
acid. 

a. Five grams of lead tetracetate were moistened with acetic acid, 
dissolved in 75 grams of chloroform, and the solution poured slowly 
into 14°75 grams of a 30 per cent. alcoholic solution of H;PO, (4 mols. 
H,;PO,: 1 mol. PbAc,), the precipitate at first redissolved, but became 
permanent after the greater part of the solution of lead tetracetate 
had been added. On adding ether, a bulky solid came down, which 
filtered readily, and was soluble in water, giving a brown liquid from 
which lead dioxide was precipitated on boiling. Alcohol acted on the 
precipitate, dissolving some of it, and converting the rest into a 
yellow, semi-transparent jelly, which it was almost impossible to filter. 
After sucking if up as completely as possible with the aid of a pump, 
it was placed in a vacuum till it dried to a white mass. 

The lead in this substance was probably all quadrivalent, for 
although, owing tothe presence of alcohol in the apparently dry mass, 
no satisfactory determination could be made, still, in spite of the 
reducing action of the alcohol, upwards of 80 per cent. of the total 
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lead was found to be present as Pb'Y. After heating for some time 
at 150°, a portion of the substance was gently ignited; the residue 
contained Pb, 50°45; P, 19°68 per cent. Pb: P = 1: 2°605. 

b. Another specimen, prepared in a similar way, gave a salt which, 
after drying at 150°, was found to contain Pb, 52°9; P, 15°63 per cent. 
It lost, on ignition, 5°07 per cent., and the composition of the residue, 
calculated from these data, is Pb, 56°2 and P, 16°61 per cent. Pb: P 
= 1: 1°99 (mean of three analyses). From these numbers it will be 
seen that in this sample the ratio Pb: P is that required hy the 
formula Pb(HPO,),. This may be a mere coincidence, but it seems 
to us highly probable that this substance was actually formed, for its 
composition, Pb, 51°88 and P, 15°54 per cent., agrees fairly well 
with that of our preparation. Again, if we grant that such a sub- 
stance as Pb(HPO,), may exist, we may fairly be allowed to assume 
that it will give off water and oxygen on ignition, and be converted 
into the metaphosphate (Pb(PO;),. This change will result in a loss 
of 7°39 per cent., and the residue will contain Pb, 56°71 and P, 16-98 
per cent. The numbers quoted above as representing the actual com- 
position of the ignited substance agree fairly well with these. It is 
probable that our preparation while drying at 150° underwent a certain 
amount of decomposition, and this would account for its containing 
rather more lead and phosphorus than the formula Pb(HPOQ,), 
demands, and also to some extent for the small loss when it was 
subsequently ignited. 

It is, perhaps, worth noticing in this connection that the composi- 
tion of the residue obtained in Experiment 3a may be also fairly 
satisfactorily explained if we assume that the substance before 
ignition consisted of a mixture of Pb(HPO,), and H;PQ,, and that 
these on heating were converted into Pb(PO;), and HPO; respec- 
tively, for if we calculate and subtract the weight of HPO;, which 
corresponds to the excess of phosphorus present, the residue has the 
composition Pb = 57°21 and P = 17°17 per cent., while Pb(PQ;). 
requires Pb, 56°71 and P, 16°98 per cent. 

If all the lead in these two compounds had been present in the 
quadrivalent state, a strong case would have been made out for 
assigning the formula Pb(HPO,), to our precipitate. 

Determinations made by distillations with hydrochloric acid showed, 
however, that of the total lead in 3a, only 80 per cent., and in 3b, 
only 65 per cent. was present as quadrivalent lead. We are, how- 
ever, inclined to think that this result was due, partly to reduction of 
the tetraphosphate during its preparation, and possibly also to the 
presence of small quantities of alcohol in the apparently dry sub- 
stance, which, being acted on by the chlorine evolved, vitiated the 
determination. We believe, however, that th facts we have quoted, 
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though insufficient to establish the formala Pb( HPO,)., make it ex- 
tremely probable that this compound was actually precipitated. 

This point cannot, however, be satisfactorily settled without further 
experimental work, and we hope to find an early opportunity of sub- 
mitting this substance to a more thorough examination.* 


Lead Tetrapropionate. 


This salt resembles the corresponding acetate very closely, and was 
prepared and analysed in a precisely similar way. It crystallises 
from its solution in propionic acid in thin needles, which melt at 132°, 
and decompose at a somewhat higher temperature. The substance 
can be recrystallised from hot propionic acid, but the process is 
attended with loss, a portion of the tetrapropionate being apparently 
reduced to propionate. 

The sample analysed was recrystallised twice. 


0°6389 gave 0°3077 PbO,, and required 51°7 c.c. of soda solution 
[1 c.c. = 0°00395 gram NaOH], whence PbO, = 48°16 and (C;H;0),0 
= 51°94 per cent. 
0°3870 gave 0°2172 PbC],, whence PbO, = 48°26 per cent. 
The formula Pb(C;H;0.), requires PbO, = 47°87 and (C,H;0),0 = 
52°13 per cent. 


Analogous Salts of other Metals. 


The existence of a stable crystalline acetate derived from lead 
dioxide led us to enquire if the higher oxides of other metals afford 
similar compounds. We find that several such substances have been 
described, the most interesting of which are the thallic and manganic 
acetates. According to Willm (Ann. Chim. Phys., 1865, [4], 5, 5), 
the acetate, T1(C,H,0,);, obtained by dissolving freshly precipitated 
thallic oxide in strong acetic acid, is the most stable of the thallic 
salts. Like lead tetracetate, which it resembles extraordinarily 
closely, it is quantitatively decomposed, on treatment with water, into 
T1,O3 and acetic acid. It is soluble in hydrochloric acid, giving thallic 
chloride ; added to potassium iodide it sets free iodine, thallous iodide 
being precipitated, whilst phosphoric and arsenic acids give gelatinous 
precipitates, probably consisting of TIPO,,2H,0 and TlAsO,,2H,0 
respectively. Thallic chloride and the thallic salts generally are, 


* By methods somewhat similar to those employed for preparing the lead tetra- 
phosphate described above, we have recently succeeded in obtaining a lead tetrarse- 
nate, containing 42°01 per cent. of lead, and 30°59 per cent. of arsenic ; the formula 
Pb(HAs0O,). requires Pb, 42°48 per cent., and As, 30°83 per cent. This substance, 
together with some others made by acting with a hydrofluoric acid solution of lead 
tetracetate on solutions of phosphoric acid, are still under investigation, and we 
hope soon to make a further communication to the Society on this subject. 
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however, somewhat more stable than the plumbic salts, and the nitrate, 
sulphate, and oxalate have been prepared. 

Like lead dioxide, manganic oxide, Mn,0;, is not attacked by acetic 
acid, the oxide Mn;Q,, however, dissolves readily enough, and on 
adding a little water, crystals of Mn(C,H;0,);,2H,O are deposited 
(Christensen, J. pr. Chem., 1883, [2], 28,1). This salt is apparently 
the most stable of the manganic compounds, and its behaviour 
towards reagents is similar to that of lead tetracetate; a sulphate, 
Mn,SO,);H.SO,,8H,0 ; phosphates, MnPO,,H,0, and MnNaP,0;,5H,.0, 
and an arsenate, MnAsQ,,H.0, have been prepared from it. Christensen 
has also described a fluoride, MnF;,3H,O, and numerous double salts 
of the type 2M'F,MnF; (J. pr. Chem., 1887, [2], 35, 57). 

Cobaltic acetate exists in the solution prepared by dissolving 
hydrated cobaltic oxide in strong acetic acid (Beetz, Ann. Phys. 
Chem., 1844, 61, 472). With the exception of the sulphate described 
by Marshall (Trans., 1891, 59, 767), it seems to be the most stable 
of the simple cobaltic salts. When the oxide, CrO;, dissolves in 
glacial acetic acid, an acetate may possibly be found; we have not, 
however, been able as yet to obtain any evidence of this.* 


List of Salts of Quadrivalent Lead. 


Leaving out of consideration the numerous organo-metallic deriva- 
tives of lead, and omitting a few compounds whose nature is not yet 
fully elucidated (Wells, Zeit. anorg. Chem., 1895, 9, 305), the fol- 
lowing list comprises the salts of quadrivalent lead which have, up 
to the present, been described by Brauner, Classen and Zahorski, 
Friedrich, Goebbels, Wells, and ourselves. 


PbF,? PbCl,. 
PbF,3KF,HF. 
K,PbC]. 
Rb,PbC],. 
Cs,PbC],. 
(NH,).PbC|,. 
(C,NH,;)2,H,PbCl],, (C,NH;)2,H;PbBr,, and 
(C.NH,)2,H,PbI.. 
(C,N H,)2,H,PbCl],. 
2PbC],5NH,Cl. 
2PbC],,5(C;NH;,HCl) (pyridine salt). 
2PbC]l,,5(C;NH,,HC1) (lutidine salt). 
3PbC1,,7(C,NH;,HCl) (picoline salt). 
Pb(SO,).? Pb(HPO,).? Pb(C,H;0,), Pb(C;H;0,),. 
Pb(H AsQ,)>. 
* The remarkable compound obtained by Tafel (Ber., 1894, 27, 816) by acting 
with Na,O, on acetic acid, does not appear to belong to this class of substances. 
VOL. LXIX. R 


Brauner, Friedrich, and Wells have pointed out that several of these 
compounds present analogies not only in composition, but also in 
behaviour and crystalline form, with certain of the stannic salts, and 
the relationship between lead and tin .is further exhibited by the 
existence of plumbates allied to the stannates. Of them the potas- 
sium, sodium, barium, strontium, and calcium salts have been pre- 
pared, whilst the two oxides Pb,O; and Pb,O,, may be regarded as 
derivatives of meta- and ortho-plumbic acids respectively, and may 


therefore be written PbO,PbO, and ine \ PbO.. 


In conclusion, the principal results of our work, and our deductions 
from them, may be summed up as follows. 

1. The substance obtained by dissolved PbO, in glacial acetic acid 
has the molecular formula Pb(C,H;O,),. It is decomposed quanti- 
tatively by water into lead dioxide and acetic acid; hydrochloric 
acid converts it into lead tetrachloride, and orthophosphoric acid into 
a phosphate. Its general behaviour is analogous to that of the thallic 
and manganic acetates, and its molecular volume agrees with that 
calculated for the acetates by Schréder’s empirical law. 

These facts lead us to regard it as a salt of lead dioxide. 

2. A similar propionate exists. 

3. When acted on by orthophosphoric acid, the tetracetate is con- 
verted into a phosphate, to which in all probability the formula 
Pb(HPO,), must be assigned. 

4, Numerous lead salts exist which bear the same relation to the 
stannic salts that the ordinary lead compounds do to the stannous 
salts. The former should therefore be termed plumbic salts, and the 
latter plumbous salts. 

5. Like stannic oxide, lead dioxide is capable of playing the part 
of either an acid or a basic oxide. The appropriate name for it is 
plumbic oxide, which should be used in preference to the term per- 
oxide, which in this connection is both unsuitable and misleading. 


Mineralogical Museum, 
Cambridge. 


XXIV.—The Acetylene Theory of Iuminosity. 
By Vivian B. Lewes, Royal Naval College, Greenwich. 


Earty in 1892 (Trans., 1892, 61, 322), I read a paper before the 
Chemical Society, in which I showed that in a luminous hydrocarbon 
flame the baking effect of the outer zone of intense combustion con- 
verted a very large proportion of the unsatarated hydrocarbons 
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present in the inner zone into acetylene, the maximum production of 
this compound taking place just before the commencement of lumin- 
osity. 

In a second paper, communicated to the Royal Society in 1895 
(Proc. Roy. Soc., 5'7, 450), I gave experiments reasons for consider- 
ing that the acetylene so formed on its decomposition by heat into 
carbon and hydrogen was the main factor in producing luminosity, as 
the heat developed by this decomposition raised the carbon particles 
to a temperature above that of the flame. 

At the time that the latter paper was published, I was unaware that 
any other work had been done in this direction, but I find that Professors 
Dewar and Liveing, in their beautiful work on the spectra of carbon 
and its compounds, had to a great extent forestalled the conclusions 
to which I had arrived from a totally different standpoint. 

In their paper “On the Origin of the Hydrocarbon Flame 
Spectrum ” (Proc. Roy. Soc., 1882, 34, 427), they say, when speaking 
of the flame of cyanogen and acetylene, ‘“‘ Both of these compounds 
decompose with evolution of heat, in fact they are explosive com- 
pounds, and the latent energy in the respective bodies is so great. 
that, if kinetic in the separated constituents, it would raise the tem-. 
perature between 3000° and 4000°. The flames of cyanogen and 
acetylene are peculiar in respect that the temperature of individual 
decomposing molecules is not dependent entirely on the temperature 
generated by the combustion, which is a function of the tension of 
dissociation of the oxidised products, carbonic acid and water. ‘We 
have no means of defining with any accuracy the temperature which 
the particles of such a flame may reach. We know, however, that 
the mean temperature of the flames of carbonic oxide and hydrogen 
lies between 2000° and 3000°, and if to this be added that which can 
be reached independently by the mere decomposition of cyanogen or 
acetylene, then we may safely infer that the temperature of individual 
molecules of carbon, nitrogen, and hydrogen in the respective flames 
of cyanogen and acetylene, may reach a temperature of from 6000° 
to 7000°. 

“A previous estimate of the temperature of the positive pole in 
the electric arc made by one of us gave something like the same 
value. 

* * . + “ * 

“The formation of acetylene in ordinary combustion seems to be 
the agent through which a very high local temperature is pro- 
APR ae 

I extremely dogret not having known of this most valuable work 
before, and take this, the first opportunity afforded me, of drawing 
attention to it. 

R 2 
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I also find that M. Guéguen (Compte rendu du Société Technique de 
lV’ Industrie du Gaz au France, 1884, 142) pointed out that it was very 
probakle that luminosity in hydrocarbon flames is due exclusively 
to the production of rays furnished by the molecules of gas highly 
heated by chemical changes, and that it must be borne in mind that 
the heating from exterior sources would not suffice whatever its 
power. He also draws attention to the fact that luminous combus- 
tion is caused by bodies which are endothermic, and from which heat 
is liberated during decomposition. 

In November, 1895, Professor Smithells read a paper before the 
Chemical Society in which he criticises some of the less important 
points brought forward by me in my previous papers, and without 
attempting to disprove the fact that avetylene undergoes luminous 
decomposition when heated apart from air or oxygen, the principal 
fact upon which the acetylene theory of the luminosity of hydrocar- 
bon flames is based, comes to the final conclusion that if the criticism 
he offers is just “ then the acetylene theory of luminosity will share 
ithe fate of the ‘dense hydrocarbon’ theory.” 

The first portion of his paper is devoted to the measurement of 
flame temperature by means of the Le Chatelier thermo-couple, and 
he comes to the conclusion that the experiments show two things. 
1. The fallacious results that may be obtained by not disposing the 
couple with due regard to the conformation of the zone of flame to be 
measured. 2. The difficulty of ascertaining the increase of tem- 
perature contributed by the chemical changes occurring in any one 

. Spot. 

The first conclusion is self-evident, and the second I have already 
~warmly endorsed in the paper which Professor Smithells is criticising 
«(Proc. Roy. Soc., 1895, 5'7, 452). 

He then proceeds to explore the temperatures existing in a lumi- 
nous flat flame of coal gas, using for this purpose a No. 4 Bray’s 
union jet burner at a gas pressure of 2} in. of water. As Professor 
Smithells considers the temperature determinations which he made 
as practically valueless, it is not necessary to criticise the pressure 
used, which should have been 7/10ths rather than 23 in. Consider- 
ing, however, the abnormal character of the flame with which he 
was dealing, his figures accord fairly well with those I have given as 
representing the gradual rise of temperature in the inner zone of a 
lominous flat flame, and this is of interest, as the methods employed 
were slightly different, and the coincidence of result goes some way 
towards establishing the probability of the figures. 

In considering the temperature in the flat flame, Professor 
Smithells says: “To obtain any useful measurements for this flame 
it is otvious that it can be explored in one way only, namely, by lay- 
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ing the junction and the adjacent wires in a horizontal straight-line, 
and introducing it along the flat face of the flame so that it may be 
placed with a considerable length of wires immersed symmetrically 
in any one sheath and passing through parts of the flame in like con- 
dition.” Having then taken the temperature of the outer and inner 
zones in this way, he proceeds to say: ‘‘ The measurements for the 
inner parts of the flame above given have only a negative signifi- 
cance. It is obvions that they cannot be true temperatures as the 
wires have always to be thrust through the hot outer sheath of flame, 
and, moreover, the couple would attain by radiation from the outer 
walls a higher temperature than the rapid stream of gas in which it 
is immersed.” 

With regard to the first objection, that the wires have to pass 
through the outer wall of high temperature, and that this will invali- 
date the reading, I think he is mistaken; there will be nearly an 
inch of heated wire between the thermo-couple and the point where 
the wires pass through the outer zone, and it seems to me that any 
conduction from these bodies will be more likely to take place out- 
ward along the cool wire than inwards to the heated zone, so that if 
an equal length of wire on each side of the weld is heated in order to- 
prevent unequal resistances being introduced, the readings should 
not suffer much from this cause. 

Nor does his second objection appear to me to be in any way a 
fatal one. If the gases in the inner zone had to pass through a circle 
or even a belt of high temperature, the objection would be valid, but, 
inasmuch as the gases are flowing up within a sheath of high tem- 
perature which exists even after the inner zone ceases to exist, and 
which is fairly constant in temperature, these gases will probably be 
as much exposed to radiation as the thermo-couple. 

In taking such readings the thermo-couple is only exposed in the 
heated zone for a very short period, and it has been pointed out by 
Le Chatelier that the couple takes up the temperature of the lovality 
in which it is placed with astonishing rapidity, whilst Mr. Callendar 
has pointed out (Trans. Roy. Soc., 1892, 166) that a spiral of plati- 
num wire is a bad radiator, and is exceedingly sensitive to slight 
changes in temperature; it may be assumed, therefore, that it will 
not absorb radiant heat with great rapidity, and that the tempera- 
tures recorded in the non-luminous zone are not far removed from the 
truth, 

Professor Smithells further accentuates his distrust of these re- 
corded temperatures by saying “the readings are not even compar- 
able, as the flame varies in breadth and thickness from point to point 
in a vertical plane.” 

Tke inner zone undoubtedly becomes narrower in the higher 
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regions of the flame until ultimately the outer walls meet at the top 
of the flame, but the rise of temperature due to this cause is one of 
the factors that aid the generation of light in a flame, and if a gas 
were flowing up a gradually narrowing tube heated throughout to an 
even temperature, it would manifestly become hotter the nearer the 
walls of the tube approached each other, and I cannot understand 
why, because the thermo-couple records this fact, the readings are to 
be discredited. 

In the determinations which I made of the temperatures existing 
in the flame from a No. 6 Bray’s union jet burner, I did not attempt 
to take the temperature of the outer zone, as it was manifest that 
this would be the hottest part of the flame, and I felt that it would 
be hopeless to get any accurate readings of it, as it seems clear that 
close to the inner zone, where there is the maximum of combustible 
gas meeting with oxygen for its combustion, there will be the hottest 
part of the flame, whilst the admixture of nitrogen, air, and the 
escaping products of combustion will cause a rapid fall in tempera- 
ture to the outer portion of this zone, which extends much farther 
than mere observation of the flame would lead one to expect, and 
that in the outer envelope there are so many gradations of tempera- 
ture from the hottest to the coolest portion where combustion is 
finally extinguished, that it would be impossible to obtain even a 
genera] idea of its temperature, and the main point which I wished 
to ascertain was the effect this high temperature layer of combustion 
had on the gases flowing up through the inner zone. 

The question of passing the wires of the thermo-couple through 
this heated layer before the inner zone could be reached of course 
presented itself at the commencement of the experiments, and, after 
trying several methods, including the one adopted by Professor 
Smithells, I came to the conclusion that the best way of doing it was 
to make the twist of the thermo-couple very short, and to bend each 
wire at right angles three-quarters of an inch on each side of the 
couple, so that on plunging it into the flame an equal length of wire 
on each side of the twist was equally heated, whilst the portions of 
the wire passing through the more highly heated zones were equi- 
distant from the couple, thus ensuring no unequal resistances being 
introduced. 

In my later experiments, I have employed a fixed stand for burner 
and thermo-couple, so that the exact position of the couple could be 
accurately determined, and in this case the wires come out at the 
side of the flame, as in Professor Smithells’ experiments, but the 
thermo-couple being fixed iminediately over the centre of the burner, 
an equal length of wire is heated on each side of the couple. 

The use of the Le Chatelier thermo-couple for the determination of 
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high temperatures is now becoming so general that a description of 
the precautions necessary in using it will not be out of place, and in 
my later experiments these were employed. 

The thermo-conple was connected in series with a dead-beat gal- 
vanometer—Ayrton and Matthers’ pattern—having ‘a resistance of 
304 ohms, and in order to bring the deflections for the high tempera- 
tures within the limits of the scale, a further resistance of 309 ohms 
was included in the circuit. 

The galvanometer was calibrated by means of a e¢ell of small 
internal resistance and a box of high resistance coils, and, on plotting 
out the currents and deflections, a straight line was obtained, showing 
that within the limits of the scale the deflections were directly pro- 
portional to the currents. 

The platinum and platinum-rhodium wires used for the thermo- 
couple were 0°011 inch in diameter, or 0°279 mm., which is the thinnest 
that can be used without fear of fusion at the highest temperature of 
the flame. The resistance of the platinum wire per metre was 
1°71 ohms, that of the platinum-rhodium wire being 3°6 ohms. 

In the experiments described by Professor Smithells, the tota 
resistance of wire and galvanometer was about 4 ohms, which enor- 
mously increases the risk of error. 

The galvanometer and lamp being fixed on a stand, so as to give 
no possibility of displacement, the couple and ypalvanometer were cali- 
brated for temperature, the fixed points selected being the following. 


Boiling point of sulphur...........- 444°5°C. 
Melting point of pure silver.........  945°0 ,, 
99 COPPCP.cccccce 10450 ,, 
» palladium ..,. 15000 ,, 
» platinum ..... 17750 ,, 


The melting points of the compounds of the alkalis and alkaline 
earths vary so widely, as determined by different observers, that they 
are practically useless for this purpose, and, as there seemed to be 
some doubt as to whether the E.M.F. of the thermo-couple is directly 
proportional to temperatures above 1000°, I made 13 determinations 
of the fusing point of palladium and 16 of platinum, and, on plotting 
out a curve for the temperatures, obtained a straight line for all 
except the palladium, which was above the line. L. Holborn and 
W. Wein (Ann. Phys. Chem., 1895, 56, 360) find the melting point 
of palladium to be 1587°, and, had this figure been taken, it would 
have been close to the same line as the others. 

From this, I think it is safe to assume that the course of the curve 
continues in a straight line above 1000°. 

In continuing his paper, Professor Smithells proceeds to criticise 
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regions of the flame until ultimately the outer walls meet at the top 
of the flame, but the rise of temperature due to this cause is one of 
the factors that aid the generation of light in a flame, and if a gas 
were flowing up a gradually narrowing tube heated throughout to an 
even temperature, it would manifestly become hotter the nearer the 
walls of the tube approached each other, and I cannot understand 
why, because the thermo-couple records this fact, the readings are to 
be discredited. 

In the determinations which I made of the temperatures existing 
in the flame from a No. 6 Bray’s union jet burner, I did not attempt 
to take the temperature of the outer zone, as it was manifest that 
this would be the hottest part of the flame, and I felt that it would 
be hopeless to get any accurate readings of it, as it seems clear that 
close to the inner zone, where there is the maximum of combustible 
gas meeting with oxygen for its combustion, there will be the hottest 
part of the flame, whilst the admixture of nitrogen, air, and the 
escaping products of combustion will cause a rapid fall in tempera- 
ture to the outer portion of this zone, which extends much farther 
than mere observation of the flame would lead one to expect, and 
that in the outer envelope there are so many gradations of tempera- 
ture from the hottest to the coolest portion where combustion is 
finally extinguished, that it would be impossible to obtain even a 
genera] idea of its temperatyre, and the main point which I wished 
to ascertain was the effect this high temperature layer of combustion 
had on the gases flowing up through the inner zone. 

The question of passing the wires of the thermo-couple through 
this heated layer before the inner zone could be reached of course 
presented itself at the commencement of the experiments, and, after 
trying several methods, including the one adopted by Professor 
Smithells, I came to the conclusion that the best way of doing it was 
to make the twist of the thermo-couple very short, and to bend each 
wire at right angles three-quarters of an inch on each side of the 
couple, so that on plunging it into the flame an equal length of wire 
on each side of the twist was equally heated, whilst the portions of 
the wire passing through the more highly heated zones were equi- 
distant from the couple, thus ensuring no unequal resistances being 
introduced. 

In my later experiments, I have employed a fixed stand for burner 
and thermo-couple, so that the exact position of the couple could be 
accurately determined, and in this case the wires come out at the 
side of the flame, as in Professor Smithells’ experiments, but the 
thermo-couple being fixed iminediately over the centre of the burner, 
an equal length of wire is heated on each side of the couple. 

The use of the Le Chatelier thermo-couple for the determination of 
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high temperatures is now becoming so general that a description of 
the precautions necessary in using it will not be out of place, and in 
my later experiments these were employed. 

The thermo-conple was connected in series with a dead-beat gal- 
vanometer—Ayrton and Matthers’ pattern—having ‘a resistance of 
304 ohms, and in order to bring the deflections for the high tempera- 
tures within the limits of the scale, a further resistance of 309 ohms 
was included in the circuit. 

The galvanometer was calibrated by means of a cell of small 
internal resistance and a box of high resistance coils, and, on plotting 
out the currents and deflections, a straight line was obtained, showing 
that within the limits of the scale the deflections were directly pro- 
portional to the currents. 

The platinum and platinum-rhodium wires used for the thermo- 
couple were 0°011 inch in diameter, or 0°279 mm., which is the thinnest 
that can be used without fear of fusion at the highest temperature of 
the flame. The resistance of the platinum wire per metre was 
1:71 ohms, that of the platinum-rhodium wire being 3°6 ohms. 

In the experiments described by Professor Smithells, the tota 
resistance of wire and galvanometer was about 4 ohms, which enor- 
mously increases the risk of error. 

The galvanometer and lamp being fixed on a stand, so as to give 
no possibility of displacement, the couple and galvanometer were cali- 
brated for temperature, the fixed points selected being the following. 

Boiling point of sulphur....... weere 444°5°C. 

Melting point of pure silver......... 945°0 
»» copper 
», palladium ..,. 
» platinum ..... 


” 


The melting points of the compounds of the alkalis and alkaline 
earths vary so widely, as determined by different observers, that they 
are practically useless for this purpose, and, as there seemed to be 
some doubt as to whether the E.M.F. of the thermo-couple is directly 
proportional to temperatures above 1000°, I made 13 determinations 
of the fusing point of palladium and 16 of platinum, and, on plotting 
out a curve for the temperatures, obtained a straight line for all 
except the palladium, which was above the line. L. Holborn and 
W. Wein (Ann. Phys. Chem., 1895, 56, 360) find the melting point 
of palladium to be 1587°, and, had this figure been taken, it would 
have been close to the same line as the others. 

From this, I think it is safe to assume that the course of the curve 
continues in a straight line above 1000°. 

In continuing his paper, Professor Smithells proceeds to criticise 
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the values which he cbtained for the outer envelope of the flame, and 
by testing this portion with a thin platinum wire, which he heats to 
fusion, comes to the conclusion that his results give a temperature 
slope opposite to that given by the thermo-couple, i.e., that the 
hottest portion of the outer envelope of the flame is near the bottom, 
and explains this as being caused by variations in the thickness of 
the outer sheath of combustion. 

In supposing that this is so, I think Professor Smithells is right 
as to his facts but wrong as to the causes to which he ascribes them, 
as the combustion which gives the outer envelope to the flame in the 
lower half is mainly due to marsh gas and hydrogen diffusing out 
from the gas itself, whilst, in the upper portion of the flame, it is due 
to carbon monoxide and hydrogen produced by the actions in the 
flame, the combustible gases being diluted by the products of the 
actions taking place, and one would expect, therefore, that the lower 
portion of the non-luminous envelope would be hotter than the upper, 
although, in point of fact, the temperature differs but little, as the 
accumulation of heat from the combustion going on in the lower part 
of the flame tends to increase the temperature of the upper portion. 

I am in entire accord with Professor Smithells’ conclusion that 
there are two separate heat gradients in a luminous coal gas flame: 
one on the vertical axis, which is, in all probability, a steady decline 
from the top to the bottom ; the second on a horizontal axis, showing, 
as we proceed from the ‘centre of the unburnt gas, a steep ascent to 
the point of contact with the luminous sheath, then a still steeper 
ascent to the point of contact with the mantle, where the highest 
point is abruptly attained.” That the temperature gradient on the 
vertical axis is a steady decline from top to bottom is perfectly clear 
from both our experiments, whilst that there is a second gradient 
in a horizontal axis, with the coolest point in the centre of the 
flame—which is at the greatest distance from the source of heat—is, 
I think, a foregone conclusion, and I cannot conceive any other 
condition. 

The second conclusion is that the temperature of the mantle of a 
coal-gas flame is above the melting point of platinum, and cannot, 
therefore, be determined by a thermo-couple in which platinum is 
one of the elements. Professor Smithells’ own experiments show his 
thermo-couple registered a temperature there of 1478° at the bottom 
of the sheath to 1613° at the top of the flame, and his assumption, 
therefore, that the temperature exceeds that necessary for melting 
platinum is dependent on the melting in the outer mantle of very fine 
platinum wire. 

In my previous paper I have shown the influence which the thick- 
ness of the platinum and platinum-rhodium wire used kas on the 
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temperature recorded, and have clearly pointed out that in all the 
experiments quoted in that paper, wires having a diameter of 0-011 
inch or 0'279 mm., were employed. 

Professor Smithells uses wires of nearly double this thickness, and 
obtains a recorded temperature of 1838° before his couple fuses, 
which, if corrected to the thickness of wire I employed, would be 
over 2000°. This is cansed by the larger cross section of the wire, 
which is in the ratio of 3:2 to 1, which would lead to a proportion- 
ately larger amount of heat being Jost by conducticn. I found that 
during the determinations of the deflections corresponding to the 
fusion of platinum, great care had to be exercised in raising the 
temperature of the junction exactly to the melting point. It was, in 
all cases, the platinum of the junction which fused first, and, in some 
cases, the platinum-rhodium wire was surrounded by a film of melted 
platinum. It was easy, by carefully heating the junction with a 
small oxyhydrogen flame, to obtain readings far above the mean 
obtained for the melting point of platinum, showing that, although 
the platinum was in the liquid state, yet a thermo-current was 
obtained cf greater strength than at the temperature of the simple 
fusion of platinum. 

Professor Smithells makes a strong point of the fact that luminosity 
does not commence suddenly at a certain height, but appears as an 
envelope just below the inner surface of the outer zone, whilst the 
nor-luminous zone continues inside the luminous zone to a consider- 
able height in the flame. This manifestly must be so, as the decom- 
position of the diluted acetylene only takes place as particles stray 
close. to the point. where the highest temperatures exist, and as the 
centre of the inner zone is below the necessary temperature, the de- 
composition of this compound only takes place close to the point 
where the two zones coalesce. If flames of various illuminating 
powers are examined, it will be noticed that the greater the light 
emitted, that is, the richer the flame is in acetylene, the more marked 
is the commencement of luminosity, so that although the luminosity 
begins as a yellow haze with a poor coal-gas flame, it commences 
almost as a sharp line with a rich acetylene flame. 

In concluding this portion of his paper, and in order to show the 
untrustworthy nature of the temperatures thus recorded, Professor 
Smithells takes two sets of the determinations of temperature existing 
in flat flames, made at periods of three years apart, the one with coal 
gas burning from a 9000 Bray, the other from a No. 6 Bray, and 
feels suprised that they do not show “purallelism.” The tempera- 
tures given are 
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0000 Bray. No. 6 Bray. 
Non-luminous zone....... coves | 209? 1014° 


Commencement of luminosity... 1658 1267 

Top luminous zone......... eee §=2115 1368 

Luminosity . practically nil. about 13 
candles. 

When a flame of coal gas is spread out in an extremely fine sheet, as 
when burning from a 0000 Bray, the amount of air required for the 
complete combustion of the gas is much more quickly obtained, 
luminosity is considerably reduced, and a far higher temperature is 
attained, whilst the commencement of the feeble band of luminosity 
is also thrown far nearer the top of the flame, and must, therefore, 
be at a higher temperature. Had there been what Professor Smithells 
is pleased to call “‘ parallelism,” it would have given good grounds 
for suspecting the worthlessness of the determinations. Moreover, a 
thicker wire was used in the determinations taken with the No. 6 
Bray in 1892, and I have fully pointed out the result of this. 

An effective point is made by pointing out that one of these tem- 
peratures is 330° above the melting point of platinum, as determined 
by Violle. In any determination of the temperature of the luminous 
zone, the reading has to be taken with the greatest rapidity, as other- 
wise the formation of carbon on the couple causes a falling off in 
the temperature recorded. In the case instanced, the spot of light 
rapidly rose to the division which had been calibrated as 2116°, and 
then fell with great oscillations, and on removing the soot from the 
couple after cooling, it was found that the wires were welded together, 
and the platinum fused over the surface of the platinum-rhodium, 
the couple having evidently been only just saved from complete fusion 
by the deposition of the carbon. 

The thermo-couple records with great rapidity the temperature 
attained by the outer surface of the metals, aud it by no means 
follows that the moment needed to do this should be sufficient to 
raise the whole mass of metal to the melting point. 

In my last paper, several! temperatures of between 1800° and 1900° 
are recorded, and Professor Smithells fails to call attention to these, 
I presume, because he found in his own experiments, using wire of 
nearly double the thickness, that the couple recorded 1836° before 
fusion of the platinum in a hydrogen flame, whilst had he employed 
an oxyhydrogen flame, so as to very rapidly heat the couple, he 
would have found it easy to obtain still higher readings. I can only 
again repeat the statement made in my previous paper, that although 
flame temperatures taken by the Le Chatelier thermo-couple may be 
totally incorrect, they are, at any rate, comparable when proper pre- 
cautions are taken in the methods of using the couple. 
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In the second part of his paper, Professor Smithells deals with 
other portions of my paper, and summarises his conclusions as 
follows. 

1. The description of the structure of a flame adopted by Professor 
Lewes is not in harmony with the facts. 

In the paper before referred to on “ The Luminosity of Coal Gas 
Flames,” Chem. Soe., 1892, I gave the description of three zones of a 
luminous flame in the words to which Professor Smithells takes such 
strong exception. 

In quoting this description, however, he entirely ignores the fact 
that the seven pages following are devoted to explaining the action 
of the air in rendering hydrocarbon flames non-luminous, this being 
done by tracing the action of diluents in destroying the luminosity 
of hydrocarbon gases in the Bunsen flame. 

The results obtained make it perfectly clear that the outer zone of 
combustion must be the hottest part of the flame, but it is also 
manifest that between the layer of maximum temperature and the 
cool air there must be many gradations of temperature, and although 
I now realise that the outer zone of a flame extends further than I 
thought at that period, and that, therefore, the amount of products of 
incomplete combustion are extremely minute, I still believe that 
infinitesimal traces of carbon monoxide do escape combustion, and 
make themselves felt by delicate constitutions. 

All my papers, also, clearly show that I consider it is the baking 
influence of the heat of combustion, generated in the outer zone of the 
flame, which leads to the changes taking place in the interior of the 
flame, and I fail to see why Professor Smithells should desire to 
make it appear that I look upon the outer zone of the flame as the 
coolest, instead of—as it undoubtedly is—the hottest part of the 
flame. 

I should now be inclined to describe a coal-gas flame as consisting 
of twu zones, 


1. The outer envelope of combustion. 
2. The inner region of non-combustion. 


The outer zone is the portion of the flame where the combustible 
gases present in the original gas or generated by actions taking 
place in the inner zone meet with the air and undergo combustion, 
forming an envelope of intensely high temperature but no appreciable 
luminosity. 

The maximum combustion takes place towards the inner side of 
the outer zone, as if is here that the largest proportion of the hot 
gases meet the oxygen of the air, the dilution and cooling effect 
prodaced by the air and products of combustion rapidly causing the 
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external portions of this zone to fall in temperature until finally 
extinguished. 

The lower portion of the outer zone is chiefly due to hydrogen and 
methane which have diffused out from the coal gas undergoing com- 
bustion, whilst the upper portion of the outer zone is fed by carbon 
monoxide and hydrogen, formed by the decompositions and inter- 
actions taking place in the inner zone. 

The inner zone is the region into which no oxygen penetrates, 
and in it many decompositions take place, due to the baking action 
of the heat generated in the outer zone, and to interaction with the 
products of combustion. 

This zone may be sub-divided into ihree parts. 

A. The non-luminous portion, in which the heavy hydrocarbons 
flowing upward from the burner rapidly increase in temperature 
owing to radiant heat from the outer flame walls, and are converted 
thereby into acetylene. 

B. The luminous portion, which is produced by the acetylene 
formed in the flame, being heated to a temperature at which it is 
decomposed with such rapidity that the particles of carbon liberated 
are raised to incandescence by the heat generated by its own decom- 
position, the carbon particles being afterwards consumed by the 
carbon dioxide and water vapour diffusing into the flame from the 
outer zone, yielding carbon monoxide and hydrogen, which, together 
with the hydrogen liberated from the acetylene, give, by their com- 
bustion, the upper portion of the outer zone. This portion of the 
inner zone will only be formed near the point of maximum tem- 
perature, and therefore forms, in close contact with the outer zone, 
a sheath or cone which caps tlie non-luminous part. 

C. The blue region at the base of the flame, which has, I believe, 
been generally ascribed to the hydrocarbons being consumed without 
liberation of carbon by the oxygen of the air. I am afraid I am here 
again at variance with the generally received ideas, as I believe this 
portion of the flame to be a continuation of the luminous portion in 
which the carbon dioxide and water vapour from the outer zone burn 
up the hydrocarbons to carbon monoxide and hydrogen before the 
temperature has risen sufficiently to decompose them into carbon and 
hydrogen. 

If a luminous gas flame is turned down low, it is seen that as the 
luminosity disappears the blue region surrounds the inner zone, 
whilst it is in turn surrounded by the outer zone—an observation 
due, I believe, to Hildegard—and the small flame is rendered non- 
luminous, because there is not a sufficient body of heat to convert the 
hydrocarbons into acetylene, or if acetylene is formed, to decompose 
it before combustion. It is assumed, with a luminous flame, that no 
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oxygen penetrates through the outer zone, and as the outer zon 
still exists with the small flame, I fail to see why enough oxygen 
should enter to burn up the hydrocarbons before liberation of free 
carbon. 

If a flame of acetylene be burnt at the end of an open tube, and 
carbon dioxide be allowed to gently flow up a second tube into the 
centre of the flame, the first addition destroys the smoky lurid nature 
of the flame, and gives a slight increase in luminosity, which gradu- 
ally dies away as more carbon dioxide is introduced, until a non- 
luminous flame results, whilst if carbon dioxide, instead of air, be 
supplied to a Bunsen burner through the air holes, the luminosity is 
destroyed, and the flame has all the characteristic colour of the blue 
part cf the inner zone. 

It is a significant fact that Professor Smithells, in his second 
objection, considers the amount of acetylene present in a luminous 
flame insufficient to account for the light emitted, without taking the 
trouble to perform, or at any rate record, a single experiment in 
support of his unbelief. 

The statement made by me, that just before luminosity commences 
80 per cent. of the unsaturated hydrocarbons present at that spot 
consist of acetylene, is characterised as “likely to give a very false 
impression as to the importance to be attached to the presence of this 
gas,” as Professor Smithells is at a loss to understand how a mixture 
of 1:5 per cent. of acetylene and 0°5 per cent. of other unsaturated 
hydrocarbons mixed with 98 per cent. of other gases, four-fifths of 
which are actually incombustible, could be supposed to have the 
properties I attribute to it. 

If he means by this that the liberated carbon particles in the flame 
are not derived from the smal] quantity of acetylene, it seems hardly 
logical to suppose that they come from the 0°5 per cent. of other 
unsaturated hydrocarbons, and if they do not come from the unsatu- 
vated hydrocarbons at all, perhaps Professor Smithells will be able to 
explain their source. 

If a mixtare of 1°5 per cent. of acetylene with any combustible 
gas which gives a non-luminous flame was burnt from a jet no lumi- 
nosity would be developed by the flame, and no trace of acetylene 
found at the top of the inner zone, it having been all consumed 
or polymerised before the temperature necessary for its decomposition 
was reached, but it is, nevertheless, a fact that 1°5 per cent. of 
acetylene, present at the spot where luminosity usually commences, will 
render such a flame luminous. 

In an acetylene flame, the nitrogen and products of combustion 
diffusing into the flame dilute the acetylene present at the commence- 
ment of luminosity to 15 per cent. of the gases present at that point, 
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and the acetylene flame gives more than 10 times the light of the gas 
flame with its 1°5 per cent. 

In an analysis made by me of the gases present in the non- 
lumipous gas flame just before luminosity commences, I found 18°65 
per cent. of combustible gas, whereas Landolt (Pogg. Annalen, 1856, 
99, 389), in his experiments on the same portion of the flame, only 
found 10°01 per cent. 


Gases present in the Inner Zone of Flame just before commencement of 
Luminosity. 
Lewes. Landolt. 
Hydrogen .......+..00- ooo «=. 35 2°59 
Methane . . 0°79 
Carbon monoxide : 5°45 
Unsaturated hydrocarbons.. : 1:18 


10°01 


Landolt also notes the fact that the gas from the lower portion of 
the flame is free from smell, but that from the higher portions has 
a feeble empyreumatic odour. 

I should have thought that the small proportion of combustible 
gases present at this point was an important proof that luminosity 


must be due to some such action as that to which I have ascribed it, 
rather than to any ordinary combustion. 

In order to see if 15 per cent. of acetylene injected into the upper 
portion of the non-luminous zone of de-illuminated coal gas restored 
its luminosity, coal gas was slowly passed through washing flasks 
containing a solution of bromine in potassic bromide until its illumi- 
nating power was reduced to 1°7 candles. Two open tubes were then 
arranged side by side, and ordinary coal gas burnt from one, and 
de-illuminated coal gas from the other, in flames of equai size, and 
acetylene was then allowed to flow through a fine platinum tube into 
the inner zone of the de-illuminated gas flame, at such a rate as to 
form 15 per cent. of the gases present there, the result being that 
the flame became nearly as ]uminous as the one used for comparison. 

Another point insisted upon by Professor Smithells is (3) that 
‘there is no evidence of any local condition of temperature within 
the flame such as would point to the decomposition of acetylene with 
the evolution of much heat.” 

In order to see exactly what the increase of sensible heat at the 
moment of decomposition of pure acetylene amounted to, I arranged 
a thermo-couple in a small, hard glass tube, passed acetylene through 
the tube until free from air, and while the gas was burning at the 
exit of the tube, heated six inches of the tube in such a way that the 
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thermo-couple should be at the spot where the acetylene entered the 
heated zone. The luminous decomposition commenced, as is usually 
the case, about two-thirds of the way up the heated zone, and the 
glow slowly ran back to the commencemcnt of the heated area, und 
on coming in contact with the thermo-couple gave a rise of tempera- 
ture of 30° as the mean of three closely concordant experiments. 

It is evident from this experiment, that no very high local con- 
dition of temperature would be found in the flame at the spot where 
the decomposition of the acetylene took place. 

The fourth conclusion has been already fully dealt with. 

In his fifth conclusion Professor Smithells says: “‘ The conclusion 
in favour of the acetylene theory, based on the comparative luminosity 
of the ethylene and acetylene flames, is due to a neglect of the con- 
sideration that in the latter there are higher temperatures, and a 
greater relative amount of carbon.” 

When acetylene and ethylene are burnt at the same rate of flow 
from similar burners, a certain portion undergoes non-luminous com. 
bustion in order to supply the heat necessary to, in the one case, 
form acetylene and then decompose it, and in the other to decompose 
it only. 

That far more ethylene is needed to do this work is manifest from 
the size of the non-luminous zone, which is many times greater than 
that of the acetylene flame. 

The portion of the gas undergoing non-luminous combustion gene- 
rates heat only, of which but little is radiated ; the portion converted 
into acetylene and decomposed gives off its energy to a considerable 
extent by radiation, hence, although the heat of combustion of 
acetylene may be far higher than the heat of combustion of ethylene, 
it is conceivable that the acetylene flame may develop but little more 
heat than a flame of ethylene of the sume size. 

The figures I gave were for the interior of the flame only, and I 
quite agree that the outer envelope of the lower portion of an acety l- 
ene flame must be hotter than the same portion of an ethylene flame, 
bat it by no means follows that the total heat developed by the 
acetylene flame is much greater than that developed by the ethylene. 
Ethylene and acetylene both contain two atoms of carbon in the 
molecule, and if we do not assume some such theory as the one pro- 
posed, we might be led into the error of supposing that the luminosity 
of the ethylene should be only one half that of acetylene, because the 
carbon is diluted with twice the volume of hydrogen, whereas experi- 
ment shows its illuminating value is only one quarter. 

Professor Smithells argues, that because a platinum wire glows 
nearly as strongly in the lower portion of the outer envelope of an 
acetylene flame as the carbon particles within that envelope, that 
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the heat of the flame is sufficient to raise them to this high degree of 
incandescence. This assumption is apparently based on the idea 
that they both have equal powers of emitting light when heated to 
the same temperature, which is about as reasonable as supposing that 
carbon has the same emissive powers for light as the earths used in a 
Welsbach mantle. 

It is also evident that the platinum wire must be heated to a 
higher temperature in the outer envelope of the flame than the 
carbon particles which are within it. 

Metals at a high temperature have been shown to reflect light, and 
it is quite possible that some of the apparent brightness of the 
platinum wire is due to light reflected from its surface. 

In arriving at his sixth conclusion, Professor Smithells has 
repeated an experiment described by me, and finds that “ the in- 
direct evidence deduced from the behaviour of cyanogen arises 
from the yellow ammonia flame having been mistaken for one con- 
taining solid carbon.” 

When a cyanogen flame issuing from a small jet has hydrogen 
supplied around it, the inner rose coloured cone becomes luminous, 
and on examining the light emitted, by means of a spectroscope, a 
continuous spectrum is obtained in which the nitrogen lines are 
faintly visible. If now the hydrogen be increased in quantity, the 
flame enlarges, the luminosity becomes fainter and more spread over 
the flame, and the light emitted no longer gives a continuous spec- 
trum, but only the nitrogen lines. 

If the flame emitting the continuous spectrum be now surrounded 
with oxygen, the luminous inner zone shrinks in size and emits an 
intense light, which gives a bright continuous spectrum with flutings 
which correspond to the cyanogen lines. This experiment is best 
performed with a burner made of three concentric platinum tubes, 
cyanogen being supplied to the central one, hydrogen to the middle, 
and oxygen to the outer tube. 

Professor Smithells has repeated this experiment, but apparently 
bas only dealt with the cyanogen flame in presence of a large excess 
of hydrogen, and, noting that the luminosity was low and of a 
yellowish colour, he attempted to deposit carbon from it upon a cold 
porcelain dish. Failing to do this, he then fed a hydrogen flame 
with ammonia, obtained a similar appearance in the flame produced, 
and on examining both flames with a spectroscope, got identical 
lines, which he says are those of ammonia; and from these facts he 
argues that in the above experiment an ammonia flame has been 
mistaken for one containing solid carbon. 

These experiments I think are entirely fallacious. If a hydrogen 
flame be taken, and ethylene be passed into it until it is endowed with 
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the same or even far higher luminosity than the hydrogen flame fed 
with cyanogen, it is impossible to deposit carbon particles frum it by 
immersing in the flame a cold porcelain surface, because the intense 
power which the excess of heated water vapour present in the flame 
has of oxidising the solid carbon particles is so great that no deposi- 
tion is possible, and this result is therefore no proof of the absence of 
carbon particles. 

The spectra given by the cyanogen and ammonia fed into hydrogen 
flames are unquestionably identical, and on comparing them with the 
spectrum of nitrogen given by a Geissler vacuum tube, they were 
found also to correspond with the spectrum given by this gas. 

The evidence adduced by Professor Smithells to show that ammonia 
and not the carbon particles is the cause of luminosity is therefore of 
no value, and his assumption that the increased luminosity obtained 
when the dual flame is fed with oxygen is due to sodium vapour from 
the platinum is also absolutely devoid of foundation, 

It is evident that in the experiment properly performed with 
hydrogen alone, we are dealing with temperatures only just sufficient 
to lead to luminosity, and a piece of cold metal placed against the 
inner cone causes it to again become non-lumiuons, whilst if hydrogen 
be replaced by carbon monoxide no luminosity ensues, a fact which 
might be taken to support Professor Smithells’ views were it not that 
a slight increase of temperature leads to luminosity, as when the dual 
flame is surrounded with oxygen}; whilst a still further increase in 
temperature not only again increases the lumiuosity, but enables one 
to obtain a copious deposit of carbon from the flame. 

This is readily done by burning the cyanogen from the end of 
a tnbe and surrounding it with nitric oxide, the decomposition of this 
endothermic body (the heat of formation of which is —4575°) raising 
the temperature of the flame to a point at which the cyanogen burns 
with a dazeling light, and with the flow of cyanogen and nitric oxide 
properly regulated it can be made to deposit soot in abundance.* 

The contintious spectrum piven by this fame is of a most magnifi- 
cent character, showing brilliant flutings in the red and green, and 
extending with particular brilliancy far into the violet, and when 
the light is developed from a burner of the kind before described, by 
using quarts lenses and prisms the spectrum may be projected upon 
a screen. 

I think there can be no doubt from these experiments that I was 
perfectly correct in my former statement (Proc. Roy Soc., 1895, 57, 
465) that the luminosity of a cyanogen flame is purely a question 
of temperature, whilst I have no doubt that, given sufficient heat to 

* This soot contains a trace of paracyanogen. In order to obtain a deposit, the 
cyanogen and nitric oxide must be pure, 
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rapidly decompose it, as high an illuminating value as that of acety- 
lene would be obtained. 

The seventh conclusion arrived at by Professor Smithells is that 
“the theoretical arguments based on thermochemical considerations 
are invalid.” 

In my paper (loc. cit., p. 451), I incautiously speak of carbon exist- 
ing in a molecular state of division, meaning, as the context clearly 
shows, exceedingly small particles of solid carbon, but Professor 
Smithells does not fail to make the most of this slip, and supposes 
that it is a periphrasis for ‘‘carbon in the form of gas,” and that 
if so it sounds the key note of much that follows, as, whilst I con- 
tinue to speak of solid particles of carbon, my theoretical speculations 
are applicable only to atoms. 

I am not aware that when atoms of carbon form molecules, a dis- 
appearance of heat takes place, and my general impression was that 
when gaseous matter assumed the solid form, heat was evolved rather 
than absorbed, and as these are the only factors which would invali- 
date my arguments, I fail to see what Professor Smithells means. 

Moreover, I carefully point out in my paper (loc. cit., p. 466) that 
I consider these theoretical calculations of “ no value, except as show- 
ing that a ratio does exist between heat of formation and illuminating 
value.” 

Professor Smithells’ last conclusion is “ the phenomena of luminous 
hydrocarbon flames can be adequately explained without the acetylene 
theory.” If by this it is meant that because an imperfect explana- 
tion already exists no one is to attempt to render our knowledge more 
exact, it seems to me so utterly opposed to the whole spirit of scien- 
tific inquiry that I think it best to ignore it, more especially as I fail 
to see how such an idea can be reconciled with the quotation from 
his own work with which Professor Smithells commences his paper, 
** A problem remaining to be studied concerns the exact course of the 
decomposition of the hydrocarbon in the flame.” 

In conclusion, I must protest against the statement made by Pro- 
fessor Smithells that I adduce measurements of temperature as the 
chief basis for the acetylene theory. I have clearly pointed out in 
the paper criticised that at most they are only valuable for comparison 
under well-defined conditions. 

I consider the acetylene theory of luminosity in hydrocarbon 
flames to be based upon the following facts. 

1. That the largest proportion of the unsaturated hydrocarbons in 
a gas flame are converted into acetylene before luminosity commences. 

2. That acetylene develops luminosity when heated to a tempera- 
ture at which it decomposes, the conditions under which this takes 
place rendering the presence of atmospheric oxygen impossible. 
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3. That the temperature necessary to decompose acetylene with 
luminosity is insufficient to raise the carbon liberated from it to the 
point at which it emits light. 

4, That in luminous hydrocarbon flames of sufficiently high tem- 
perature the luminosity varies directly with the amount of acetylene 
present where luminosity commences. 

Professor Smithells has not attempted to experimentally refute any 
one of these points, and until this is done I, at any rate, shall con- 
sider that the “acetylene theory ” offers a satisfactory explanation of 
the most important phenomenon of Juminous hydrocarbon flames. 

I desire to express my thanks to Mr. A. Haddon, Demonstrator of 
Physics at the Royal Naval College, for the help he has afforded me 
in the work entailed by this paper. 


XXV.—Solution and Diffusion of certain Metals in 
Mercury. 
By W. J. Humpuereys. 
(Communicated by J. W. Mauuer.) 


THE purpose of the investigation described in this paper was to 


examine quantitatively the solution and diffusion of metals in mer- 
cury, and thus to obtain some idea of the extent to which these 
phenomena differ, if at all, from solution and diffusion in the case 
of non-metallic solids in liquids. 

Possibly this question has already been worked upon, and the 
results published, but if so, I have only to say that both search and 
inquiry have so far failed to inform me of the fact, and I therefore 
venture to publish my results, with the hope that, if not entirely 
new, they may nevertheless be of some value for the purpose of com- 
parison with results already obtained.* 


* Since this paper was written, my attention has been called to an article by the 
late Dr. F. Guthrie, ‘On Certain Molecular Constants” (Phil. Mag., Nov., 1883, 
16, 321). In the latter part of this paper, pages 329—339, Dr. Guthrie treats of 
the diffusion in mercury of sodium and potassium amalgams, and also of the diffu- 
sion of the pure metals, lead, tin, and zinc. In the case of lead, tin, and zine, he 
allowed the diffusion to continue 31 days, and in each case made but a single series 
of analyses, His method of operation (differing entirely from mine) was to place 
the mercury with the metal to be examined in a burette of suitable size, and at the 
end of the diffusion to draw off slowly from the bottom of the burette the whole of 
the amalgam in, as nearly as possible, 13 equal portions. The temperature at which 
he allowed the diffusion to take place was 16° to 17°, from 10° to 12° lower than that 
at which I worked, consequently, only a general agreement in our results could be 
expected. However, on examining his table of results (p. 337 of his article), I find 
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The method of investigation was to fill an upright vessel of uni- 
form horizontal cross section with pure mercury, place on its upper 
surface a piece of the solid metal to be examined (freshly amalga. 
mated on the surface of contact), and after allowing it to remain in 


Fie. 1. 


that wherever our values for lead are nearly the same, his corresponding values for 
tin and zinc are approximately the same as the corresponding values I obtained for 
zine and tin respectively. 

Dr. Guthrie did not make his own analyses, but entrusted this part of the work 
to others, one of whom furnished the analyses of lead, a second those of tin, and a 
third those of zinc, and I think it not impossible that in transferring these analyses 
to his table of results, those of tin and zinc became interchanged. If so, his results 
and mine agree quite as closely as could be expected. This relation between our 
results makes a repetition of the investigation of the diffusion of tin and zinc very 
desirable. 
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contact with the mercury for a certain length of time in a place free 
from external disturbances, and of fairly constant temperature, to 
take, from definite depths below the surface, samples of the mer- 
cury, and examine them for the foreign metals carried down by 
diffusion. 

The method of obtaining samples of the amalgam for analysis 
may be understood by reference to Fig. 1. A is a cylindrical glass 
vessel, 150 mm. high, and 25 mm. internal diameter, with four 
tubules T, 10 mm. in diameter. Corks were placed in the tubules, 
and through the corks were passed the tubes 1, 2, 3, and 
4, to the centre of the tank A. The portion of each of these 
tubes entering the tank was drawn oat rather small, so as to 
interfere as little as possible with the process of diffusion. The 
inner end of each tube was cut off perpendicularly to its axis, the 
opening thus produced being from 0°5—0°75 mm. in diameter; this 
opening was closed by a small, wooden rod R which could be easily 
put in place or removed by a slightly rolling motion. The tubes and 
the tank A were all rigidly bound to suitable framework, and the 
distances between the ends of the various tubes, as well as that 
between the end of the lowest tube and the bottom of the tank care- 
fully measured. The tank A was then filled to a definite depth with 
pure mercury, the freshly amalgamated disk D of the metal to be 
examined put in position, and the whole allowed to remain quietly 
in a suitable place until the time came for removing the samples for 
analysis. The distances from the surface of the mercury to the-end 
of the first tube, from the end of the first to the second, from the 
second to the third, from the third to the fourth, and from the fourth 
to the bottom of the tank, were each usually made equal to 25 mm. 

The upper surface of the disk D was covered with sealing wax, so as 
to confine the action of the mercury to a known surface, that is, the under 
surface of the disk. A small wire W, usually fastened to the sealing 
wax, though occasionally soldered to the disk (in no case was any 
of the solder dissolved away), made it convenient to put the disk in 
position at the beginning of the experiment, and to remove it at the 
end. 

The samples to be analysed were removed as follows. When the 
diffusion had proceeded as long as desired, the wooden rod in tube 1 
was gently removed, and a sufficient amount (about 20 grams) of the 
amalgam collected inthe side bulb B. This rod was then put back in 
place, and «similar process of drawing off the amalgam and replacing 
the rod, so as to prevent any further outflow of the amalgam, was 
employed in the case of the tubes 2, 3, and 4 respectively, and in 
the order named. The whole process for all four tubes generally 
required less than one minute. The mercury was then withdrawn 
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from the tank, and the tubes removed and emptied of their samples, 
which were carefully weighed and analysed. 

A somewhat different variety of tank was also used; it was square, 
three sides and the bottom being of wood, and the fourth side 
of glass. Each side measured about 25 mm. inside. In this case, 
square, instead of circular, pieces of the metal were used. Two tanks 
of each variety were employed, and although no difference was fonnd 
in their behaviour, they are, nevertheless, distinguished in the table 
of results. A and B refer to the wooden tanks of square cross section, 
whilst C and D refer to the glass ones of circular cross section. 

The method of analysis adopted in the case of lead amalgam was 
to volatilise as much of the mercury as possible without loss of lead, 
dissolve the residue in dilute nitric acid, add an excess of sulphuric 
acid, and evaporate till fumes of sulphuric acid began to come off 
freely ; then add water or dilute sulphuric acid till all the mercuric 
sulphate was dissolved, the sulphate of lead of course remaining 
undissolved. This was then collected, the sulphate of mercary 
removed by washing with dilute sulphuric acid, and the acid in turn 
by dilute alcohol; the sulphate of lead was then dried and weighed, 
and the percentage of lead in the amalgam estimated. 

In the case of tiu, zinc, and bismuth amalgams, as much as possible 
of the mercury was volatilised without loss of the dissolved metal, 
the residue dissolved in nitric acid, evaporated to dryness, and then 
strongly heated, so as to reduce the nitrate of tin, zinc, or bismuth to 
the corresponding oxide, and also to decompose and remove the 
mercuric nitrate ; the oxide of the metal under investigation was then 
weighed, and its percentage in the amalgam calculated. 

All the mercury was volatilised from the copper amalgams, the 
residue dissolved in nitric acid, evaporated to dryness and heated, 
and from the oxide thus obtained the copper and its percentage in 
the amalgam calculated. Although the copper in the amalgam never, 
with but one exception, amounted to as much as three parts in 
100,000, nevertheless, as soon as the mercury began to distil off, the 
whole surface of the amalgam assumed first one, and then another, 
brilliant colour, some of these being repeated a second time, until 
finally it became and remained in appearance like a solid mass of 
copper. 

The mercury was also completely distilled from the silver amalgams, 
and thus the silver obtained pure, and weighed as such. 

As already stated, the temperature did not change very greatly 
during any one experiment, still it was not constant; when the 
time of diffusion was several days, the average temperature, as given 
in the table, was obtained by taking the average of the temperature, 
as shown by a thermometer kept beside the tank, at 9 a.m., and at 


OF CERTAIN METALS IN MERCURY. 247 


4 p.m. When the time of diffusion was less than one day, several 
readings of the thermometer were taken during the interval and 
averaged. After preparing a tank for a diffusion experiment, it was 
put in place, and the mercury allowed to come to a steady temperature 
before the amalgamated disk was put on it. 

The results of the work are all given in the table, which needs no 
explanation, except possibly the statement that the decimals in the 
column headed “ Percentage of metal” are probably in many cases 
carried further than the accuracy of the work would warrant. The 
last figure of course, was certainly never correct, but the third 
could usually be trusted, and since the work was done with care it 
was thought best to give the results as they appear in the table. 

Two sets of curves (pp. 248 and 249) are plotted for each metal 
examined. Those to the left have for abscissee the depths in milli- 
metres below the surface of the points from which the samples were 
taken, and for ordinates the percentages of the metals found. These 
curves consequently represent the conditions of the columns of 
amalgam from top to bottom, as found after the diffusion had been 
going on for a definite length of time. The time, in days, of diffusion 
is marked on each of these curves. The other sets of curves, those to 
the right, have for ordinates the percentages of the metals found, 
and for abscisse the time, in days, of their diffusion, and conse- 
quently they represent the rates of concentration at definite depths, 
that is, 25, 50, 75, and 100 mm. respectively below the surface. 

Owing to the small extent to which silver and copper dissolve, 
their curves are plotted with ordinates respectively 10 and a 100 
times greater than those of the curves of other metals; and their 
curves of concentration, those to the right, were so nearly coincident 
that it seemed best in each case to let a single curve represent all 
four. 

A set of comparison curves for the different metals is given just 
below those of copper (Fig. 3). Those to the left give the conditions 
of the columns of amalgam at the end of 10 days’ diffusion, whilst 
those to the right show the rates of concentration at a depth of 25 mm. 

From the table and the curves it will be seen that, so far as these 
experiments go, solution and diffusion in this case are not essentially 
different from the same phenomena in the case of non-metallic 
solids and liquids. 

Copper and silver are both interesting from the fact that they dis- 
solve to a very slight extent (at ordinary temperatures), but diffuse 
very rapidly. 

Not only did the mercury seem to become saturated with the silver 
from the fact that very little silver dissolved after the first day, 
and apparently none at all after the fifth, but also that, when the 
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amalgam obtained by five or 10 days’ diffusion was allowed to cool 
down slowly, small crystals would separate out, but dissolve again in 
the amalgam from which they had separated on slightly warming it, 
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The extreme rapidity with which silver diffused led to the sus- 
picion that possibly some form of amalgum was obtained of greater 
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density than that of mercury. To test this, a considerable amount 
(probably from 75 to a 100 grams) of saturated silver amalgam was 
carefully placed on a column of mercury and allowed to stand two 
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hours. Samples were then taken from the surface and from different 
depths and analysed. The results, as shown by the table, indicated 
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the same concentration from top to bottom, which disproved the idea 
that the rapidity was due to the formation of an amalgam heavier 
than the mercury ; and, besides, no such silver amalgam has ever 
been obtained. It seems, therefore, safe to say that, whilst silver 
dissolves to a comparatively small extent in mercury, it diffuses 
through it with relatively great velocity, about 20 mm. per minute, 
which is fully 600 times as great as the velocity with which zinc 
diffuses. 

This work was suggested to me by Dr. J. W. Mallet, F.R.S., of the 
University of Virginia, and was done there under his supervision 

uring the months of July, August, and September, 1895, and I wish 
to thank him for his kindly and helpful assistance whenever any 
difficulty presented itself. I wish also to thank Professor Dunning- 
ton for occasional but always helpful and kind assistance. 

Of course, the present paper is in the maiu simply preliminary, and 
1 hope to be able at an early date to investigate the influence of tem- 
perature on the solution and diffusion of metals in mercury, and also 
to investigate the diffusion of mercury along solid bars of other 
metals. 

I had hoped to examine the solution and diffusion in mercury of 
certain metals not given in the table, but was unable to do so be- 
cause my work was interrupted at the end of September by other 
duties. 
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Table of Results (continued). 
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Table of Results (continued). 
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Table of Results (continued), 
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XXVI.—The Symmetrical Dimethylsuccinie Acids. 
By Wituiam Arruur Bone, and Wittiim Henry Perkin, Jun. 
INTRODUCTION. 

Ivy 1869, Wislicenus (Ber., 1869, 2, 720) described as dimethylsuccinic 
acid a substance which he had observed among the products of the 
reduction of iodopropionic acid by means of zinc dust. The substance 
itself was a syrup, which only partially crystallised on long standing, 
but it yielded a highly characteristic lead salt, which, on analysis, 
gave results corresponding with the empirical formula C,HsPbQ,. 

Five years later, Weidel (Annalen, 1874, 173, 109), by the reduc- 
CH;'C- CO 
CH;: C: CO 
amalgam, obtained a crystalline acid, melting at 170°, which could 
be sublimed, for the most part without change, and which he termed 
“hydropyrocinchonic acid.” 

In 1878, v. Hardtmuth (Annalen, 192, 142), working under the 
direction of Wislicenus, studied the action of methylic iodide on the 
sodium compound of ethylic B-methylacetosuccinate in benzene solu- 
tion, and on hydrolysing, by means of alcoholic potash, the ethereal 
salt thus formed, obtained a “ dimethylsuccinic acid” melting at 170°. 
The reactions involved in this process may be thus written 


CH;CO- ‘C Na—CH: ‘CH + CHI = CH;-CO-C(CH;)—CH'CH, 


GOOEt boort COOEt COOEt 
+ Nal. 


tion of pyrocinchonic acid, >O, by means of sodium 


CH;-CO-0(CH;)-CH-CH, + 8H.0 HO(CH,)-CH-CH, 
COOEt COOEt iia COOH COOH 
+ CH,COOH + 2C.H;OH. 
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In 1882, v. Roser (Ber., 15, 2012) obtained “ hydropyrocinchonic 
acid” by the reduction of pyrocinchonic acid by means of hydrogen 
iodide, and found that it melted at 190°. A very similar result was 
obtained by Weidel and Brix (Monatsh., 1882, 3, 612), who, however, 
used sodium amalgam as the reducing agent; the acid they obtained 
crystallised in glistening, triclinic needles, melting at 189°. 

Three years later, Otto and Beckurts (Ber., 1885, 18, 825) published 
the results of a detailed investigation on the reduction of pyrocinchonic 
acid. When this acid was reduced by hydrogen iodide in sealed tubes 
at 220°, two acids were obtained, which could easily be separated by 
fractional crystallisation from water; the more insoluble acid melted at 
193—194°, and seemed to be identical with the acids obtained by v. Roser 
and Weidel and Brixrespectively, whilst the other melted at 118—120°. 
Quite different results were obtained when sodium amalgam was used 
as the reducing agent; in this case, in addition to the acid melting 
at 193—194°, there was produced an isomeric acid which melted with- 
out decomposition at 240—241°, whilst the acid melting at 118—120° 
was not to be found among the products of reduction. This last 
experiment gave results, therefore, quite different from that in which 
hydrogen iodide was employed as the reducing agent, but, on repeat- 
ing it, no trace of the acid melting at 240—241° could be detected 
amongst the products, which, on the other hand, contained acids 
melting at 193—194° and 118—120°. 

An examination of the acid melting at 193—194° showed that 
when it was heated to 200° it was transformed into an anhydride 
melting at 186—187°, which dissolved in hot water, and yielded, 
not the original acid, but the acid melting at 240—241°, which 
they found might be distilled without decomposition. They con- 
cluded, therefore, that these acids stood to one another in the same 
relationship as do fumaric and maleic acids, and they termed them 
dimethylsuccinic and isodimethylsuccinic acids respectively.* 

They found that when the acid melting at 118—120° was heated to 
160°, it decomposed with evolution of carbonic anhydride, and con- 
cluded that it was identical with the ethylmethylmalonic acid pre- 
pared in 1880 by Conrad and Bischoff (Annalen, 204, 143, 162), 
which melt at 118°. 


* Otto and Beckurts published their paper in 1885, two years before Wislicenus 
put forward his views as to the constitution of fumaric and maleic acids. From 
the views then held as to the constitution of the last-named acids, we may infer 
that Otto and Beckurts would have assigned the following constitutions to their 
CH;CH-COOH .q4y CH,COOH 
CH,-CH-COOH ; "Y¢-coon - (See Leuckart, Ber., 18, 2334). 

H 


3 


M. p. 193—194°. M. p. 240—241°. 


acids : 
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In 1886, Bischoff and Rasch (Annalen, 234, 54) prepared a sym- 
metrical dimethylsuccinic acid synthetically by three methods, which 
may be briefly described as follows. 


1. By the action of methylic iodide on the sodium derivative of 
ethylic propenyltricarboxylate, according to the equation 


CH,-CH-CNa(COOEt), + CHI = CH,-CH-C(CH,)(COOEt)s 
COOEt COOEt 


The oil formed was hydrolysed by means of alcoholic potash, 
and the tricarboxylic acid thus obtained was heated at 160° 
until the evolution of gas had entirely ceased. 

2. By hydrolysis of ethylic dimethylacetosuccinate (prepared by 
the action of ethylic a-bromopropionate on the sodium deriva- 
tive of ethylic methylacetoacetate) by means of alcoholic 
potash. 

3. By the action of methylic iodide on the disodium derivative of 
ethylic acetylenetetracarboxylate, according to the equation 


CNa(COOEt), CH;G(COOEt), 
CNa(COOEt), CH;'C(COOEt), 
The oil formed was hydrolysed by means of potassium hydr- 


oxide, and the tetracarboxylic acid obtained was heated at 
170° until the evolution of gas had entirely ceased. 


+ Nal. 


+ 2CH,I = 2NalI + 


They found that the dimethylsuccinic acid obtained by either of 
these methods melted at 187°, and that on being heated to its melting 
point it lost water, and yielded an anhydride melting at 87°. 

These results were fully confirmed by Leuckhart (Ber., 1885, 18, 
2344), who prepared the acid synthetically from ethylic methyl- 
malonate and ethylic «-bromopropionate. He found that it melted 
at 188—189°, and at that temperature was converted into an anhy- 
dride melting at 78—81°, which, with hot water, yielded, besides the 
original acid melting at 189°, an isomeride melting at 121—122°. 
The last-named acid, although it resembled in some respects, such as 
crystalline form and solubility, the acid melting at 118—120°, obtained 
by Otto and Beckurts by the reduction of pyrocinchonic acid, differed 
from it in that it might be distilled apparently without change. It 
will be observed that Leuckhart’s results were quite incompatible 
with those of Otto and Beckurts; matters were, however, consider- 
ably cleared up in the following year, when Otto and Réossing pub- 
lished a remarkable paper (Ber., 1887, 20, 2737), which contained an 
entire refutation of the conclusions arrived at, by Otto and Beckurts 
two years previously. They now found that their dimethylsuccinic 
acid melting at 193—194° is not changed, on heating to 200°, into an 
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anhydride melting at 186—187°, which with water yields “iso. 
dimethylsuccinic acid” melting at 240—241°, but, on the contrary, 
like Bischoff’s dimethylsuccinic acid, it was converted into an 
anhydride melting at 86—87°, which with water yielded the original 
-acid again. The acid, when treated with acetyl chloride, was con- 
verted into a mixture of two anhydrides, one of which melted at 
86°, and the other at 38°, the last-named, with water, again yield- 
ing the original acid melting at 195°. 

Further, they found that the acid melting at 121°, which Otto 
-and Beckurts had obtained by the reduction of pyrocinchonic acid, 
did not decompose at 180° with evolution of carbonic anhydride, and, 
therefore, could no longer be considered as ethylmethylmalonic acid ; 
.on the contrary, it was converted by acetyl chloride into an anhydride 
melting at 87°, which with water yielded a mixture of two acids 
melting at 195° and 121° respectively. They concluded, therefore, 
that both these acids were dimethylsuccinic acids. 

In 1888, Zelinsky (Ber., 1888, 21, 3160) prepared two symmetrical 
-dimethylsuccinic acids by the hydrolysis of aa-dimethyleyanosuc- 
-cinate (obtained by the action of potassium cyanide on ethylic «-bro- 

mopropionate) by means of concentrated hydrochloric acid. One 
-acid melted at 192°, and was almost insoluble in cold water; the other 
melted at 123—124°, and was fairly soluble in water. Both acids, on 
distillation, were transformed into the same anhydride, melting at 
:87°, which dissolved in water yielding the lower melting acid. He 
proposed the following constitutional formule for these acids :— 
H out 
COOH-O-CH, H-G-COOH 
H-G-COOH H-C-COOH 
CH; CH; 
B-Fumaroid. M. p. 192°. a-Maleinoid. M. p. 123°. 

In 1890, Bischoff and Voit (Ber., 1890, 23, 639) reinvestigated 
‘these acids, their results in the main confirming those of Zelinsky. 
‘The two acids melted at 194° (para-acid) and 120° (anti-acid) respec- 
-tively. At temperatures above 200°, both were converted into the 
same anhydride melting at 87°; this with water yielded a mix- 
ture of the para- and anti-acids. The para-acid, however, when 
heated with acetyl chloride, was converted into an anhydride melting 
at 38° (see Otto and Réssing), which with water yielded the para-acid 
again. On heating the anti-acid with concentrated hydrochloric acid 

-at 180—190°, it was transformed into its isomeride. 

In 1893, Crum Brown and Walker (Annalen, 274, 41) prepared 
-the symmetrical dimethylsuccinic acids by the electrolysis of potas- 
-sium ethylic methylmalonate. They found that the para-acid melted 
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at 193°, and that its dissociation constant was K = 0°0208, whereas the 
anti-acid melted at 120—121°, and had the dissociation constant K = 
00138. 

The results of previous workers are given in tabular form on 
p. 258. 

As the descriptions of the properties of the acids obtained by various 
experimenters differ so widely, the authors determined to carefully 
re-investigate the subject, with the results described in this com- 
munication. 

They have prepared the symmetrical dimethylsuccinic acids in two 
ways, namely (1), by the hydrolysis of ethylic 2a-dimethyleyanosuc- 
cinate with concentrated hydrochloric acid (Zelinsky’s method), and 
(2) by the action of ethylic «-bromopropionate on the sodium de- 
rivative of ethylic methylmalonate, subsequently hydrolysing the 
product with alcoholic potash, and then heating the tribasic acid thus 
obtained at 200° until the evolution of carbonic anhydride had 
entirely ceased (Leuckhart’s method). In both cases, the authors 
obtained a mixture of two symmetrical dimethylsuccinic acids, which 
were separated by fractional crystallisation from water. The melting 
points of these acids, especially that of the fumaroid (trans-) acid, 
differed materially from those assigned to them by previous investi- 
gators. When pure, the fumaroid (trans-) acid melts at 209°, and 
with acetyl chloride yields an anhydride melting at 43°, which by the 
action of water is reconverted into the trans-acid; it must, therefore, 
be the anhydride of this acid ; further, this anhydride, on prolonged 
heating with acetic anhydride, is transformed into an isomeric an- 
hydride melting at 88°, which, with water, yields the cis-acid. 

The maleinoid (cis-) acid melts at 129°, and with acetyl chloride 
yields an anhydride melting at 88°, which with water is reconverted 
into the original acid, and must, therefore, be the anhydride of the 
cis-acid. 

Both acids, when heated for a long time at 210°, or on distillation 
under atmospheric pressure, are converted into the cis-anhydride 
melting at 88°. Hach of the anhydrides, when pure, yields with 
water only one acid (not a mixture of acids as stated by some previous 
investigators) ; that melting at 43° yields only the ¢rans-acid melting 
at 209°, whilst that melting at 88° yields the czs-acid melting at 129°. 

The authors have further shown that the c7s-acid is almost entirely 
converted into the trans-acid when it is heated with concentrated 
hydrochloric acid in sealed tubes at 180°; under similar conditions 
only a very small part of the trans-acid is transformed into the cis- 
modification, by far the greater portion of it being recovered un- 
changed. 

Our results may be represented in tabular form as follows (p. 259). 
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Fumaroid (¢rans) acid. Maleinoid (cis) acid. 
With conc. HCl at 180°. 
M. p. = 209°. M. p. = 129°. 
Insoluble in cold water. Fairly soluble in cold water. 
A 
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Trans-anhydride Cis-anhydride. 
M. p. = 48°. On prolonged heating with M. p. = 88°. 
acetic anhydride. 


EXPERIMENTAL Part. 


Part I—A. Preparation of the Symmetrical Dimethylsuccinic acids 
from Ethylic 2a-Dimethyleyanosuccinate. 


The ethylic a«-dimethylcyanosuccinate used in these experiments 
was prepared by the action of potassium cyanide on an alcoholic 
solution of ethylic «-bromopropionate, according to the method 
described by the authors in a previous paper (Trans., 1895, 67, 420). 
The first action of potassium cyanide on ethylic «-bromopropionate 
consists in a replacement of the bromine by the cyanogen group, 
resulting in the production of ethylic «-cyanopropionate according 
to the equation 

CH;-CHBr'COOEt + KCN = CH,-CH(CN)-COOEt + KBr. 

Subsequently a part of the ethylic «-cyanopropionate thus formed 
condenses with some of the unchanged ethylic «-bromopropionate, 
the result being the production of ethylic aa-dimethylcyanosuccinate, 
as follows. 

CH;-CH(CN)-COOEt + CH,-CHBr-COOEt = 

COOEt'C(CH;)(CN)*CH(CH;)-COOEt + HBr. 


The product, after distilling off the alcohol and extracting with 
ether in the usual manner, consists of a mixture of unchanged 
ethylic a@-bromopropionate, ethylic «-cyanopropionate, and aa-di- 
methylcyanosuccinate, which are separated by careful fractiona- 
tion under reduced pressure (830—40 mm.). The ethylic a-bromo- 
propionate distils over between 77° and 85°, and the ethylic 
a-cyanopropionate between 103° and 110°, whilst the dark-coloured 
residue in the distilling flask consists for the most part of ethylic 
aa-dimethyleyanosuccinate. If the distillation be continued further, 

VOL. LXIX. U 
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a large quantity of a pale yellow oil passes over between 170° and 
200°; this oil was twice fractionated under a pressure of 80 mm., 
and the portion distilling between 195° and 200° was employed for 
the preparation of the symmetrical dimethylsuccinic acids. 

Hydrolysis of the Oil.—The oil was mixed with about five or six 
times its bulk of concentrated hydrochloric acid in a large, round- 
bottomed flask, and to the mixture glacial acetic acid was added, 
until the oil just dissolved. The whole was then heated on a sand 
bath in a flask fitted with a long glass tube, ground into the neck to 
serve as a reflux condenser; when a sample of the liquid no longer 
deposited an oil on being diluted with water, it was allowed to cool, 
when a large crop of white crystals separated, consisting for the 
most part of ammonium chloride. The liquid was then poured into 
a large basin, and evaporated nearly to dryness, first over a bare flame, 
and finally on a water bath ; water was added to the residue, and the 
solution again evaporated down in the water bath, this time com. 
pletely to dryness. In this way, all the acetic acid and the ethylic 
acetate formed during the hydrolysis was got rid of. The residue was 
finally dissolved in hot water, when, on cooling, the solution deposited 
a greyish-white, crystalline mass of the crude acids ; this was separated 
from the mother liquor by filtration at the pump, thoroughly washed 
with cold water, redissolved in hot water, boiled with animal charcoal, 
and filtered while hot. The filtrate, on standing, deposited a crop of 
white crystals, which, after drying, melted at 207—208°. After another 
recrystallisation from hot water, the substance melted at 209°. On 
concentrating the filtrate on the water bath, a further quantity of an 
acid was obtained on cooling; this acid, separated from the solution 
by filtration, and recrystallised, also melted at 209°. The filtrate 
was repeatedly extracted with pure ether, the ethereal solution 
dried over calcium chloride, and the ether distilled off. The thick, 
oily residue, which solidified on standing, was dissolved in hot benzene; 
the solution on cooling deposited crystals melting between 115° and 
125°. ‘These were once more crystallised from hot benzene, but no 
alteration in the melting point occurred; the acid was then dissolved 
in hot, concentrated, hydrochloric acid, and on cooling this solution 
crystals separated melting at 128—130°; after a second crystallisa- 
tion from hot, concentrated hydrochloric acid, the substance melted 
at 129°. 


The Acid melting at 209° (Trans-dimethylsuccinic acid). 


This acid was analysed, with the following results, which agree 
well with the empirical formula CgH1.Q,. 
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Found. 
a 


5. Ir Calculated. 
Carbon...... 49°21 49°49 49°32 
Hydrogen.... 712 6°73 6°85 
Trans-dimethylsuccinic acid is only very sparingly soluble in cold, 
but readily in boiling water. It is almost insoluble in benzene or 
chloroform, either hot or cold, but is fairly soluble in alcohol or 
ether. 
Salts of the Acid.—To a neutral solution of the ammonium salt was 


added 


(a.) Ferric chloride. A reddish-brown precipitate of the ferric 
salt was immediately thrown down. 

- (b.) Copper sulphate. A greenish-blue and very gelatinous pre- 
cipitate was formed. 

(c.) Lead nitrate. A heavy, crystalline precipitate of the lead salt 
was produced; this was fairly soluble in hot water, and 
crystallised out again on cooling. 

(d.) Silver nitrate. A white precipitate of the silver salt was 
formed, fairly soluble in cold water. 

(e.) Calcium chloride. When calcium chloride was added to a 
dilute solution of the ammonium salt, no precipitate was 
produced either in the cold, or even on boiling for a con- 
siderable time. When, however, a fairly strong solution of the 
ammonium salt was used, the calcium salt was immediately 
precipitated, even in the cold. 


We may here remark that the lead, silver, and calcium salts of the 
trans-acid, and especially the last-named, are decidedly more soluble 
than the corresponding salts of the cis-acid. 


The Acid melting at 129° (Cis-dimethylsuccinic acid). 


This acid was analysed, with the following results. 


Calculated for C,H, 0,. 
49°32 
6°85 

Cis-dimethylsuccinic acid is fairly soluble in cold and readily in 
warm water, alcohol, or ether, separating rapidly from its aqueous 
solution when this is saturate] with gaseous hydrogen chloride. 
It is more soluble in warm benzene and chloroform than the isomeric 
trans-acid. 

Its salts are very similar to those of the trans-acid, but the calcium, 
lead, and silver salts are much less soluble in water than the corre- 
sponding salts of the trans-acid. 

vu 2 
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Separation of the Dimethylsuccinic Acids by means of their Caleium 
Salts. 

The marked difference in the solubilities of the calcium salts of the 

cis- and trans-dimethylsuccinic acids affords a very convenient 

method of separating them, and of obtaining them readily in a state 

of purity. The method employed by the authors may be briefly 

described as follows. 

Calcium chloride was added to a cold dilute solution of the am- 
monium salts of the two acids, when, after a short time, a white 
precipitate of the calcium salt of the cis-acid was formed; the whole 
was then gently warmed, and the precipitate collected with the aid of 
the pump, washed with a little hot water, and dissolved in hot con- 
centrated hydrochloric acid. On cooling, crystals of the cis-acid, 
melting sharply at 129°, were deposited. The filtrate from the first 
crude precipitate was then concentrated on the water bath, and the 
small precipitate which separated during the operation, consisting of 
a mixture of the calcium salts, removed by filtration. On proceeding 
further with the concentration, a very bulky precipitate came down; 
this was separated from the mother-liquor with the aid of the pump 
and after washing with cold water, was dissolved in hot concentrated 
hydrochloric acid. On cooling, colourless crystals of the trans-acid 
melting at 204—209° were deposited; after recrystallisation from 
water they melted at 209°. 


B.—Preparation of the Symmetrical Dimethylsuccinic acids from Ethylic 
Methylmalonate and Ethylic a-Bromopropionate. 
Forty-four grams of ethylic methylmalonate were mixed with a 
cold solution of 6 grams of sodium in 75 grams of absolute alcohol 
contained in a flask, and 45 grams of ethylic a-bromopropionate were 
carefully added. The mixture at once became hot, and sodium 
bromide began to separate. On heating the mixture in a water 
bath in a reflux apparatus for two hours, it became quite neutral ; 
and on pouring the contents of the flask into water, a heavy oil 
separated. This was extracted with ether, the ethereal solution 
washed with dilute sodium carbonate solution and with water, dried 
over calcium chloride, the ether distilled off, and the dark-yellow, 
oily residue (60 grams) hydrolysed without further purification. 
Hydrolysis of the Oil.—The oil was slowly added to about twice its 
weight of potassium hydroxide dissolved in alcohol, and contained in 
a large flask ; there was a considerable development of heat, so that 
it was necessary to cool the flask well to prevent loss by frothing ; 
the whole was then heated for six hours in a reflux apparatus on the 
water bath. A potassium salt soon separated, and after the conclusion 
of the hydrolysis, water was added to the liquid until this had dissolved, 
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the solution was poured into an evaporating basin, and concentrated 
on a water bath until all the alcohol had been driven off. The alka- 
line liquid was then cooled, carefully acidified with dilute hydro- 
chloric acid, and repeatedly extracted with pure ether; the ethereal 
solution was dried over calcium chloride, the ether driven off, and the 
oil which was left heated in an oil bath at 200° until the evolution 
of carbonic anhydride entirely ceased. The oily residue was then 
dissolved in hot water, the solution boiled with animal charcoal, and 
filtered whilst hot; on cooling, the filtrate deposited a mass of white 
crystals, which were separated from the mother liqnor by filtration, 
and washed well with cold water. On recrystallising these from hot 
concentrated hydrochloric acid, they melted at 209°; a second re- 
crystallisation from concentrated hydrochloric acid did not alter the 
melting point. This acid on analysis yielded the following results. 


Found. 
cet 


z. IL. Calculated for CgH,O,. 
49°23 49°55 49°32 
6°75 6°92 6°85 
and was identical in all its properties with the trans-acid melting at 
the same temperature obtained from ethylic aa-dimethyleyano- 
succinate as described in the preceding section. 

The filtrate, after removal of the acid melting at 209° was con- 
centrated somewhat, and then repeatedly extracted with pure ether, 
the ethereal solution dried over calcium chloride, and the ether dis- 
tilled off; a small quantity of a viscous oil was left, which, on 
standing, solidified almost entirely. This solid mass was ground up 
and washed with cold benzene to remove any oily matter, and the 
residue recrystallised from hot concentrated hydrochloric acid; in 
this way an acid was obtained melting at 125—127°, which, after a 
second recrystallisation, melted at 129°, and was identical in all its 
properties with the cis-acid melting at 130° obtained from ethylic 
aa-dimethyleyanosuccinate. This acid on analysis yielded the follow- 


ing results. 
Found. Calculated. 


49°30 49°32 
6°67 6°85 
The amount of cis-dimethylsuccinic acid obtained by the method 
above described is comparatively small, not more than about one- 
fourth of the weight of the trans-acid formed at the same time. 


Behaviour of the Dimethylsuccinic Acids on Prolonged Heating with 
Concentrated Hydrochloric acid in Sealed Tubes at 180°. 

1. About 5 grams of the trans-dimethylsuccinie acid (m. p. 209°) 

were sealed up in a tube with about 40 c.c. of concentrated hydro- 
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chloric acid, and heated at 180° for eight hours. On cooling, the 
erystals which had separated were collected, well washed with 
water, and dried at 100°; they melted at 200—204°, and, after recry- 
stallisation from water, at 208°. The mother liquor was extracted 
with ether, the ethereal solution dried over calcium chloride, and the 
ether distilled off, when a very small quantity of an oily substance 
was left; this partially solidified on long standing, and the solid, 
after drying on a porous plate, was found to melt at 117—124°. It 
probably consisted of the cis-acid (m. p. 129°), but the amount was 
exceedingly small, nearly the whole of the trans-acid being recovered 
unchanged. 

2. The cis-dimethylsuccinic acid (m. p. 129°) was heated in a tube 
with concentrated hydrochloric acid under pressure, as described in 
the previous experiment; the crystals which separated on cooling 
were collected, washed with water, and dried at 100°. They con- 
sisted of crude trans-dimethylsuccinic acid and melted between 190° 
and 200°, and, after recrystallisation from water, at 201—205°. The 
mother liquor was extracted with pure ether, and, as in the case of 
the previous experiment, a very small amount of the unchanged cis- 
acid was obtained. 

Thus it is evident that, on heating the trans-acid under pressure 
with concentrated hydrochloric acid at 180°, it is only partially trans- 
formed into the cis-acid, the greater part of it being unchanged, and 
that when the cis-acid is subjected to the same treatment, it is for 
the most part converted into the trans-modification. 


Part Il.—Tue Annyprives or Cis- ano Trans-DIMETHYLSUCCINIC 
ACIDs. 


A. Behaviour of the Dimethylsuccinie Acids on Prolonged Heating at 
210—-215°. 


1. One gram of the trans-acid (m. p. 209°) was heated in a test- 
tube immersed in an oil bath, tl:e temperature of which was raised 
fairly rapidly to about 170°, and afterwards gradually to 210°. At 
about 205°, the substance began to sublime without melting, and con- 
densed on the upper and cooler portion of the tube in beautiful, 
asymmetric needles, which, after being spread on a porous plate, 
melted at 195—198°. When the temperature of the bath had risen to 
210—211°, the substance melted, and water was given off; the bath 
was now kept at 210—215° for half an hour, when the evolution of 
steam seemed to have ceased entirely. As the contents of the test- 
tube solidified on cooling, it was broken, and the solid mass spread 
on a porous plate; it was found to melt roughly between 65° and 85°. 
When treated in the cold with a dilute solution of sodium carbonate, 
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no effervescence could be detected, showing, therefore, that the acid 
had been completely converted into an anhydride. It was then dis- 
solved in pure ether, and the ether allowed to gradually evaporate, 
when beautiful, colourless crystals were deposited melting at 84—86°, 
and identical with the anhydride prepared from the cis-acid by treat- 
ment with acetyl chloride. It dissolved readily in hot water, and 
after the solution had been cooled and saturated with gaseous 
hydrogen chloride, the cis-acid separated in crystals melting at 
126—128°. 

2. One gram of tlie cis-acid was subjected to the same treatment 
as has been described in the previous experiment; at a temperature 
rather above 200°, water was readily given off; the crude product 
solidified on cooling, and then melted between 70° and 80°. When 
treated with a cold, dilute solution of sodium carbonate, there was no 
evolution of carbonic anhydride, indicating that the transformation 
into anhydride was complete. The solid mass, which, after recrys- 
tallisation from absolute ether melted at 87°, was dissolved in hot 
water, the solution cooled, and saturated with gaseous hydrogen 
chloride, when the cis-acid separated in crystals melting at 128—129°. 

Both the dimethylsuccinic acids, therefore, when heated at 
210—215°, are converted into the same anhydride, which must be the 
anhydride of the cis-acid, as it yields this acid when treated with 
water. 


B. Behaviour of the Dimethylsuccinic acids on Distillation at the 
Ordinary Atmospheric Pressure. 

1. Two grams of the trans-acid were distilled in a small flask into 
which a thermometer was inserted; a heavy liquid came over be- 
tween 230° and 235°, which solidified on cooling. The solid mass 
melted gradually between 70° and 82°, and when treated in the cold 
with a dilute solution of sodium carbonate, a small portion dissolved 
with effervescence, and from this solution a small quantity of an acid 
melting at about 195° was obtained. The anhydride, after treatment 
with sodium carbonate, and drying on a porous plate, melted at 
83—86°, which was raised to 88° by recrystallisation from absolute 
ether. This anhydride, with water, yielded the cis-acid melting at 
127—129°. 

2. On distilling the cis-acid in the manner described in the pre- 
vious experiment, a liquid passed over between 230° and 235°, which 
completely solidified on standing. The solid mass, which melted be- 
tween 78° and 85°, showed no signs of effervescence when treated in 
the cold with a dilute solution of sodium carbonate, and, after re- 
crystallisation from absolute ether, melted at 88°. When heated 
with water, it yielded the original cis-acid again. 
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Thus, on distillation under ordinary pressure, both acids‘are con. 
verted into the cis-anhydride; in the case of the trans-acid, however, 
the conversion is incomplete, a portion of the acid distilling over 
apparently unchanged. 


C. Distillation of the Trans-acid under Reduced Pressure. 


This experiment was undertaken with a view of ascertaining 
whether the trans-acid on distillation under reduced pressure would 
yield the same anhydride as it did when distilled under ordinary 
pressure ; it was found, however, that it sublimed very readily under 
reduced pressure, and apparently for the most part unchanged. The 
sublimate dissolved very readily in dilute sodium carbonate with 
effervescence, but it had no constant melting point; a small portion 
melted at a temperature as low as 40°, but by far the greater part of 
it showed no signs of melting until the temperature had risen to 
190°, when it gradually melted between 190° and 198°. It seems 
probable, therefore, that when the acid is sublimed under these con- 
ditions it is to a small extent converted into an anhydride, although 
we were unable to isolate a pure anhydride from the sublimate. 


D. Behaviour of the Acids on heating with Acetyl Chloride or Acetic 
Anhydride. 


1. About 5 grams of the trans-acid were mixed with about 7 c.c. of 
acetyl chloride, and the whole gently heated in a small reflux appa- 
ratus for 10 minutes, until the whole of the acid had just dissolved ; it 
was then placed in a vacuum over solid potash, when the excess of 
acetyl chloride rapidly volatilised, leaving a yellowish-white crystal- 
line mass, which was then dried on a porous plate in a vacuum. The 
crude product had no constant melting point, part melted between 
30° and 40°, but quite half of it did not melt until the tempera- 
ture had risen to 160°, indicating that a considerable portion of 
the original acid had remained unchanged. It was accordingly 
mixed with more acetyl chloride, and heated gently in a reflux 
apparatus ona sand bath for half an hour; the product, isolated as 
described above, now melted sharply at 43°. The substance was 
then heated for about 20 minutes in a reflux apparatus on a sand 
bath with acetic anhydride, the excess of acetic anhydride distilled 
off under reduced pressure, and the liquid residue placed in a vacuum 
over solid potash, where, after standing several days, it solidified to 
a pure white mass; this was spread out on a porous plate and left in 
a vacuum over solid potash, after which it melted very sharply 
at 43°. 

The substance was analysed with the following results. 
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Found. . Caleulated for C,H,Os. 
Carbon .. 55°82 56°25 
Hydrogen 6°48 6°25 

On dissolving this anhydride in hot water, and cooling the solu- 
tion, white crystals separated, which, after drying on a porous plate, 
melted at 208°, and were in all respects identical with trans-dimethy]- 
succinic acid. The substance melting at 43° is, therefore, the anhy- 
dride of trans-dimethylsuccinic acid. 

2. Five grams of the trans-acid were mixed with 15 grams of acetic 
anhydride, the whole heated on the sand bath for three hours in a 
reflux apparatus, and then frationally distilled under a pressure of 
30 mm.; after the greater part of the acetic anhydride had come 
over, the temperature rose rapidly to 160°, when the receiver was 
changed, and the portion distilling over between 160° and 180° col- 
lected separately, and placed in a vacuum over solid potash. After 
the substance had become solid, the crystals were dried on a porous 
plate in a vacuum, when they melted between 40° and 50°, mostly, 
however, in the neighbourhood of 43°. A portion of the substance 
was treated in the cold with a dilute solution of sodium carbonate, 
but not the slightest effervescence could be detected, showing that no 
free acid was present. This anhydride was again heated with acetic 
anhydride for three hours, and the treatment described above re- 
peated. Finally we obtained the cis-anhydride melting at 88°, which 
with water yielded the cis-acid melting at 129°. 

From this experiment, it seemed probable that the trans-acid, when 
heated with acetic anhydride, yields first of all its own anhydride 
(m. p. = 48°), but that on prolonged heating with acetic anhydride this 
is converted into the cis-anhydride melting at 88°. This conclusion 
was confirmed as follows: A small portion of the ¢rans-anhydride 
melting at 43°, obtained in D 1, was heated for several hours with 
wcetic anhydride in a reflux apparatus, the excess of acetic anhydride 
distilled off under reduced pressure, and the residual liquid placed 
in a vacuum over solid potash. After several days, the liquid de- 
posited crystals, which when dried in a vacuum on a porous plate, 
were found to melt at 87—88°, and with water yielded the cis-acid. 

Thus the trans-anhydride, on prolonged heating with acetic 
anhydride, is converted into the cis-anhydride. 

3. Five grams of the cis-acid were heated with acetic anhydride 
for three hours on a sand bath in a reflux apparatus, the excess of 
acetic anhydride distilled off under reduced pressure, and the residual 
liquid placed in a vacuum over solid potash. On long standing, the 
liquid crystallised, and the crystals, after drying on a porous plate, 
melted at 87°, and on being dissolved in hot water yielded the cis-acid 
melting at 128—129°. 
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The c‘sanhydride (m. p. 88°) was analysed with the following 


results. 
Found. Calculated for CgH,O,. 
Carbon .... 56 25 


Hydrogen........ ‘ 6°25 


4. The cis-acid was dissolved in a slight excess of acetyl chloride, 
the solution gently warmed on the sand bath in a reflux apparatus 
for 20 minutes, and placed over solid potash in a desiccator, which 
was then exhausted ; the acetyl chloride was thus rapidly volatilised, 
and the residue crystallised on standing. The crystals, after drying in 
a vacuum on a porous plate, were found to consist of the cis-anhydride 
melting at 88°. 


Owens College, Manchester. 


XXVII.—WNote on the aa,-Dimethylglutaric acids. 


By Wituiam Arruur Bone and Witiiam Henry Per«iy, Jun. 


In a paper published last year (Trans., 1895, 67, 416), the authors 
described as «a,-dimethylglutaric acids two acids melting at 127° 
and 105—107° respectively, obtained, together with trimethylsuccinic 
acid (m. p. 152°), by the hydrolysis of the product of the action of 
ethylic a-bromisobutyrate on the sodium derivative of ethylic a-cyano- 
propionate, in alcoholic solution. In the same communication, they 
stated that Auwers and Thorpe (Ber., 1895, 28, 623) had shown that 
the acid melting at 105—107° was not a homogeneous substance, but 
a mixture in molecular proportion of cts- and trans-«a,-dimethyl- 
glutaric acids, melting at 127° and 140—141° respectively, but up to 
the time of the publication of their results the authors have not been 
able to confirm this opinion. Since that time, however, Auwers and 
Thorpe have published fuller details of their work (Annalen, 1895, 
285, 310), and the authors have accordingly subjected the acid in 
question to a further examination, with the result that they are able 
to substantiate the conclusions of these investigators. 

The acid melting at 105—107° is in many respects a remarkable 
substance ; it may be recrystallised from various solvents, such as ben- 
zene or concentrated hydrochloric acid, without any change in its 
melting point. The authors fractionally crystallised the normal calcium 
salt, obtained by adding excess of calcium chloride to a dilute solu- 
tion of the ammonium salt, and on regenerating the acids from tlhe 
successive fractions by separately dissolving them in concentrated 
hydrochloric acid, they were found to melt within 2° of the original 


THE a%,-DIMETHYLGLUTARIC ACIDS. 269 


acid. No separation could be effected by this method. Auwers and 
Thorpe found, however, that if the acid calcium salt, prepared by adding 
the calculated quantity of calcium carbonate to an aqueous solution 
of the acid, was fractionally crystallised, two calcium salts could be 
obtained, one being very much less soluble than the other. On regener- 
ating the acids, the more insoluble salt yielded trans-dimethylglutaric 
acid, melting at 140—141°, and the other cis-dimethylglutaric acid, 
melting at 127°. 

The authors are able to confirm this result, and have resolved the 
acid, melting at 105— 107°, into its two constituents, by the following 
method, also due to Auwers and Thorpe; it depends on the fact that 
cis-dimethylglutaric acid readily yields an anhydride on treatment 
with acetyl chloride, whilst the trans-avid remains unchanged. The 
acid, melting at 105—107°, was mixed with half its weight of acetyl 
chloride in a test-tube, the mixture gently warmed for about 10 
minutes, until the evolution of hydrogen chloride had ceased, and 
the substance had completely dissolved, and the solution was then 
left in a vacuum over solid potassium hydroxide, until the whole of 
the acetyl chloride had volatilised. The solid residue thus obtained 
was quickly washed with benzene, whereby the anhydride of the cis- 
acid was completely removed, leaving behind the unchanged trans- 
acid, which, after recrystallisation from hot, hydrochloric acid, was 
found to melt at 140—141°. On leaving the filtrate in a warm place 
until the benzene had evaporated, an oily liquid was left, which, 
on jong standing, became semi-solid; it dissolved readily in. hot, 
concentrated hydrochloric acid, and on cooling the solution crystals 
of cis-dimethylglutaric acid, melting at 125—127°, separated. The 
mother liquor was extracted with pure ether, and after drying the 
ethereal solution over calcium chloride and distilling off the 
ether, a residue was left, which was recrystallised from benzene ; 
in this way a small quantity of an acid, melting between 100° and 
110°, was obtained. On grinding together equal portions of cis- and 
trans-dimethylglutaric acids in a mortar, a substance was obtained 
which had an almost constant melting point, namely, 104—108°, 
resembling in every way the acid melting at 105—107°, which the 
authors described in their former paper. 


Owens College, Manchester. 


XXVITI.—Cis- and trans-Methylisopropylsuccinic acid. 


By Witiram Henry Bentiey, Witttam Henry Perkin, jun., and 
JoceLyN Frecp Tuorre. 


Tue action of the ethereal salts of a-bromo-acids of the fatty series 
on the sodium compounds of ethylic malonate and its derivatives may 
take place in two different ways. 

1. The action may proceed directly with the simple separation of 
sodium bromide, thus :— 


R-CH,-CHBr-COOC.H; + XCNa(COOC,H;), = 
R-CH,-CH:(COOC,H;)-CX(COOC.H:;), + NaBr, 
forming an ethereal salt of a tribasic acid, which, on hydrolysis and 
subsequent elimination of CO,, yields a derivative of succinic acid, 
thus :— 
R:CH."CH:(COOH):CX(COOH), = 
R'CH.-CH(COOH)-CHX:-COOH + CO,. 
2. The reaction is an indirect one. In this case an unsaturated 
ethereal sult is first produced by the removal of hydrogen bromide, 


R-CH,,CHBr:COOC,H; = R-CH:CH:COOC,H; + HBr, 


and this unsaturated ethereal salt then condenses with the sodium 
derivative employed, as follows, 


(COOC.H;),CXNa + R-CH:CH:COOC,H; = 
(COOC,H;),.CX-CHR-CHNa:COOC,H,, 


yielding a sodium derivative of an ethereal salt from which the corre- 
sponding tribasic acid may be isolated by hydrolysis. This tribasic 
acid then readily decomposes on heating with formation of a deriva- 
tive of glutaric acid, 


(COOH).CX:CHR’CH,-COOH = CO, + 
COOH-CHX:CHR:CH,-COOH. 


The direction in which the action proceeds depends generally on 
the conditions of the experiment; thus, when ethylic «-bromisobu- 
tyrate is digested with ethylic methyl malonate in alcoholic solution 
(Bischoff and Mintz, Ber., 1890, 23, 649), an ethereal salt of the 
formula (COOC,H;),C(CH;)-CH,CH(CH;)-COOC.H; is produced, 
from which, by hydrolysis and elimination of CO,, the two sym- 
metrical dimethylglutaric acids are obtained; whereas if the experi- 
ment be performed in xylene solution at 200°, the action proceeds 
directly with separation of sodium bromide and formation of ethylic tri- 
methylethanetricarboxylate, (COOC,H;).C(CH;)-C(CH;).*COOC,H,, 
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from which trimethylsuccinic acid is readily produced (Bischoff, Ber., 
1891, 24,1078; Bredt and Helle, Inaugural Dissert., Bonn, 1893, 31 ; 
Auwers, Annalen, 1895, 285, 260 and 301). 

During some experiments on the action of ethylic bromomethyliso- 
propylacetate, (CH;),CH-CBr(CH;)-COOC,H,, on the sodium deriva- 
tive of ethylic malonate, on which one of us has been engaged for 
some time, it was found to be exceedingly difficult to decide whether 
the substances obtained were derivatives of succinic, or of glutaric 
acid,* and, in order to throw some light on this point, a series of 
experiments on the action of the next lower homologue, namely, 
ethylic bromisopropylacetate (ethylic a-bromisovalerate) on the 
sodium derivative of ethylic methylmalonate were instituted, with the 
results described in this communication. 

If this decomposition proceed as indicated in equation 1, the end 
product would be methylisopropylsuccinic acid, 

(CH;),CH-CH(COOH)-CH(CH;)-COOH ; 
if, however, hydrogen bromide were eliminated, and subsequent con- 
densation took place, the end product would be trimethylglutaric acid, 
COOH-CH,"C(CH;).°CH(CH;)-COOH, and it would be easy to dis- 
tinguish between these substances, since, in the former case, the acid 
would contain two asymmetric carbon atoms, and be capable, there- 
fore, according to the Le Bel-van’t Hoff theory, of existing in two 


C,H, CH-COOH 
CH;CH-COOH’ *” 


distinct inactive modifications, namely, cis, 


C;H;CH-COOH 
COOH:-CH:CH; 
above trimethylglutaric acid, containing only one asymmetric carbon 
atom, is capable, according to the same theory, of existing in one 
inactive modification only. 

The action of ethylic ¢-bromisovalerate on the sodium derivative of 
ethylic methylmalonate was first carried out in boiling xylene solu- 
tion in the usual manner, the purified ethereal salt obtained was 
hydrolysed, and the acid produced heated at 200° until all evolution 
of carbonic anhydride had ceased. 

From the product, two well characterised acids melting at 174—175° 
and 124—125°, were isolated, which, from the study of their behaviour, 
were clearly shown to be stereoisomeric; these acids, therefore, are 
evidently the cis- and trans-methylisopropylsuccinic acids, which are 
formed by the direct action of ethylic a-bromisovalerate on the sodium 
derivative of ethylic methylmalonate, according to equation 1. 

Cis-Methylisopropylsuccinic acid differs from the trans-acid in being 


d 


trans, , methylisopropylsuccinic acid ; whereas the 


* It is hoped that the results of these experiments, which are complete, will be 
ready for publication shortly. 
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readily volatile with steam when heated with a 50 per cent. solution 
of sulphuric acid. It melts at 125—126°, and, when treated with 
hydrochloric acid, is partially converted into the trans-modification 
melting at 174—175°. When heated with acetic anhydride, or when 
distilled, the cis-acid yields a liquid anhydride, and this, on treatment 
with water, is reconverted into the original acid. 
(CH;),CH:CH:COOH , 

CH, OH-CO-NH-C,H, (7), melts at 160°, 
and is different from the anilic acid of the trans-acid, although both 
yield the same anil when heated at 200°. 

Trans-methylisopropylsuccinic acid is much less soluble in water 
than the cis-acid; it melts at 174—175°, and when heated with 
hydrochloric acid at 180°, is partially converted into the cis-acid. 

When distilled under reduced pressure, or heated with acetic 
anhydride, the trans-acid yields a solid anhydride melting at 46°, 
which by treatment with water is reconverted into the same acid. If, 
however, this anhydride be boiled in a reflux apparatus for some time 
under ordinary pressure, and then distilled, the distillate is found to 
consist of the cis-anhydride; the conversion of the trans- into the cis- 
acid being complete under these circumstances. The trans-anhydride, 
on treatment with aniline, gives the anilic acid of the trans-acid, and 
this, when heated at 200°, yields the anil of the czs-acid. 

We next studied the action of ethylic «-bromisovalerate on the 
sodium derivative of ethylic methylmalonate in alcoholic solution, and 
in this case again, curiously enough, working up the product in the 
way described in the body of the paper, we were only able to isolate 
cis-methylisopropylsuccinic acid, the trans-modification which should 
have been formed being apparently converted into the cis-acid under 
the conditions of hydrolysis employed in this particular instance. 

Lastly, in order that there might be no doubt as to the constitution 
of these acids, we have prepared them in the following way. 

In the first place, the sodium derivative of ethylic malonate was 
digested with ethylic «-bromisovalerate, when a good yield of an 
ethereal salt was obtained, which has already been described by Roser 
(Annalen, 1883, 220, 277), and which is undoubtedly ethylic isopropyl- 
ethanetricarboxylate, (CH,),CH-CH(COOC,H;)-CH(COOC,H;).. In 
order to be certain of the constitution of this ethereal salt, it was 
hydrolysed, and the tribasic acid formed heated at 200°, whereby 
it was converted into isopropylsuccinic acid, 


(CH,),CH-CH(COOH)-CH,-COOH, 


The cis-anilic acid, 


a result which confirms Roser’s experiments. 
The ethylic isopropylethanetricarboxylate was now treated with 
sodium and methylic iodide in alcoholic solution, 


to 


= » 


a 


— OC = = Foe as’ oa @® 
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(COOEt),CNa‘CH(COOEt)-CH(CH,), + CHI = 
(COOEt),C(CH,)*CH(COOEt)-CH(CH;), + Nal. 


The ethereal salt thus formed was identical with that obtained in 
the previous experiments, since, on hydrolysis and subsequent 
elimination of carbon dioxide, a mixture of acids was obtained from 
which cis- and trans-methylisopropylsuccinic acid, melting at 174— 
175° and 124—125° respectively, were readily isolated. These acids 
differed in no respect from those produced in the manner previously 
described. 

The latter method gives by far the best yield of these acids; it is 
therefore placed first in this paper, and described in most detail. 


EXPERIMENTAL Part, 


I. Ethylic Isopropylethanetricarborylate, 


CH apr. COOH, 
cH, C2 CH< GH (C000,H,)+ 


In preparing this substance, 23 grams of sodium were dissolved in 
250 grams of absolute alcohol and 160 grams of ethylic malonate 
alded, when the sodium derivative separated as a white, gelatinous 
precipitate. The flask containing the mixture was then connected 
with a reflux condenser, heated on the water bath, and 209 grams of 
ethylic «-bromisovalerate added in small portions at a time to the 
boiling solution. The action was not violent, although sodium 
bromide separated immediately on adding the bromisovalerate ;, the 
boiling was continued for three hours, after which the product was 
neutral. The alcohol was, as far as possible, distilled off, this being 
most quickly and completely effected by placing the flask in the 
boiling water bath, bumping being prevented by suspending a piece 
of string from the neck of the flask, so as to hang in the boiling 
liquid. 

When the alcohol had ceased to come over, the residue in the flask 
was mixed with water, the oil separated, the aqueous liquor extracted 
four times with ether, the ethereal solution dried over calcium chloride, 
and the ether distilled off. The oily product was then fractionated 
under reduced pressure (37 mm.) ; a small portion boiled below 200°, 
but the chief portion came over between 180° and 182°. The weight 
of this fraction was 186 grams, or 66 per cent. of the theoretical yield 
of ethylic isopropylethanetricarboxy late. 

0°1510 gave 0°3209 CO, and 0:1155 H,O. C = 57°96; H = 8°49. 

C,,H,,0, requires C = 58°33; H = 8°33 per cent. 

In order to prove that this ethereal salt has the constitution repre- 

sented hy the formula at the head of this section, 20 grams of the 
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pure substance were hydrolysed by boiling with an alcoholic solution 
vf potash for two hours, evaporating the product three times with 
water, acidifying, and extracting several times with ether ; after dry- 
ing over calcium chloride and evaporating the ether, the oily acid 
was heated at 200° until the evolution of gas had ceased, and the pro- 
duct, which rapidly solidified and melted indefinitely at 90—110°, was 
recrystallised from hydrochloric acid until the melting point became 
constant at 116—117°. 

0:2297 gave 0°4408 CO, and 0:1555 H,O. C = 52°33; H = 7°53. 

C;H,,0, requires C = 52°52; H = 7°52 per cent. 

A careful examination of this acid proved conclusively that it is 
identical with the isopropylsuccinic acid obtained by Hlasiwetz and 
Grabowski (Annalen, 1868, 145, 207), from the fusion of camphoric 
acid with potash, and which Roser (Annalen, 1883, 220, 272) has 
shown to be identical with the acid obtained by the hydrolysis of 
ethylic isopropylacetosuccinate with potash, 

C,;H;C(C,H;0)(COOC,H;):CH,-COOC.H; + 3KOH = 

C,H;CH(COOK)-CH,COOK + 2C,H;OH + CH;COOK. 


Not only do the melting points of these acids coincide, but on com- 
paring the anilic acid produced from the acid obtained by us with 
that prepared from a sample of isopropylsuccinic acid, which had 
been obtained by fusing camphoric acid with potash, they both 
melied at 145°, and were identical in all respects. 

This anilic acid, which does not appear to have been previously 
prepared, is readily obtained by mixing isopropylsuccinic anhydride 
with aniline in benzene solution; it crystallises from a mixture of 
light petroleum and ethylic acetate in large, glistening plates melting 
at 145°. A nitrogen determination gave the following figures. 


01991 gave 9°9 c.c. moist nitrogen at 12° and 760 mm. N = 6:00. 
C,;H,;NO; requires N = 5°96 per cent. 

On heating this anilic acid in a sulphuric acid bath at 200° for 
half an hour, it loses water, and is converted into the anil. 

This compound erystallises from light petroleum (80—100°) in 
microscopic needles melting at 213°. The same substance was 
obtained both from the anilic acid prepared from the synthetically 
produced isopropylsuccinic acid, and from that prepared from the 
isopropylsaccinic acid from camphoric acid. 


Ethylic Isopropylmethylethanetricarboxylate, 


CHs~ age: COOC,H; 
oH,? CHCA <0 (¢g,)(CO00C,H,).' 


This was prepared as follows. 13°3 grams of sodium were dis- 
solved in 133 grams of absolute alcohol, and 166 grams of ethylic 
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isopropylethanetricarboxylate added; the mass became yellow, but 
no separation of the sodium derivative was observed. The flask 
was fitted with a reflux condenser, the solution cooled, and 95 grams 
(an excess) of methylic iodide added in small portions at a time 
through the condenser tube; the action was very violent, the tem- 
perature rising rapidly until the liquid boiled vigorously. In order 
to complete the action, the mixture was heated on the water bath for 
two hours, when it was found to be neutral; the product was then 
treated as usual, the alcohol being distilled off, water added, and the 
oil extracted with ether. This oil, which was deep red, owing to the 
presence of free iodine, was fractionated under reduced pressure 
(80 mm.), when the principal portion distilled between 200° and 210°; 
the weight of this fraction was 144 grams, or 83 per cent. of the 
theoretical quantity. An analysis gave the following results. 


02197 gave 04818 CO, and 0:1707 H.O. C = 5981; H = 8°63. 
C,;H2.0, requires C = 59°60; H = 8°60 per cent. 


Hydrolysis of Ethylic Isopropylmethylethanetricarboxylate by means of 
Alcoholic Potash. 

The pure ethereal salt (144 grams) was boiled in a reflux apparatus 
with an alcoholic solution of one and a half times the calculated 
quantity of potash for four hours, the product diluted with water, 
and evaporated on a water bath to a small bulk until quite free from 
alcohol. On acidifying this potassium salt with hydrochloric acid, it 
was noticed that there was a marked evolution of carbon dioxide, which 
indicated that the tribasic acid, which should result from the direct 
hydrolysis of the ethereal salt, had either during the hydrolysis or 
on acidifying with hydrochloric acid, been at least partially decom- 
posed into dibasic acids with loss of carbon dioxide, and this was 
afterwards found to be the case. On standing, an oil, which rapidly 
solidified, separated on the surface of the strongly acid liquid. The 
whole was then transferred to a separating funnel and extracted 
seven times with pure ether, the ethereal solution dried over calcium 
chloride, filtered, and evaporated, when a slightly yellowish oil 
remained, which partially solidified on standing. This product was 
heated in an oil bath at 200°, but only a small quantity of carbon 
dioxide was evolved, confirming the conclusion arrived at above, that 
the tribasic acid had been for the most part already decomposed. 
The light brownish residue which contained cis- and trans-methyl- 
isopropylsuccinic acids was then treated by the method described in 
the next paragraph. 


Separation of cis- and trans-Methylisopropylsuccinic acid. 


Method I—The method used by us for the separation of these 
VOL, LXIX, x 
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acids is similar to that employed by Hell (Ber., 1877, 10, 2229) for 
the isolation of diisopropylsuccinie acid and of tetramethylsuccinic 
acid, namely, distillation in steam from a 50 per cent. solution of 
sulphuric acid. 

The mixed acids were placed in a conveniently large flask, together 
with a 50 per cent. solution of sulphuric acid, and distilled in a 
current of steam, when a large quantity of an oil heavier than 
water passed over; at the end of two hours, as no more oil passed 
over and the distillate was only slightly acid, the distillation was 
stopped. 

(a.) Treatment of the Residue in the Distilling Flask.—On cooling, a 
large quantity of a crystalline substance separated from the dark 
brown sulphuric acid solution; this was collected, and after being 
washed with water, it melted roughly at 130—160°; crystallisation 
from water, however, at once raised the melting point to 160—170°, 
and subsequently to 174—175°, where it remained constant; the 
quantity of this substance was 18 grams. 

The filtrate from the crystals was extracted four times with ether, 
and the ethereal solution dried and evaporated; the thick, syrupy 
residue had only partially solidified after standing over sulphuric 
acid for two days in a vacuum ; on treatment with cold benzene, this 
was readily separated into two parts. 

1. An insoluble, white, crystalline mass melting roughly at 
89—104°. 

2. A soluble portion which was deposited as an oil on evaporating 
the benzene; the quantity of this was, however, small, and as all 
attempts to obtain a crystalline substance from it were unsuccessful, 
it was not further investigated. It is worthy of remark, however, 
that on dissolving this oil in water and saturating the solution with 
gaseous hydrogen chloride, the substance was reprecipitated as an 
oil, and not in a crystalline condition. 

In order to purify the crystalline substance insoluble in cold ben- 
zene, it was treated with boiling benzene and filtered from a small 
quantity of insoluble inorganic matter; on cooling, needle-shaped 
crystals separated which, after being washed with benzene, melted at 
95-—110°, but, on repeated recrystallisation from water, the melting 
point rose to 117—118°, where it remained constant. 

The quantity of this acid, which was evidently isopropylsuccinic 
acid, was only about 1 gram. 

(l.) Treatment of the Substance Volatile with Steam.—The steam 
distillate consisted of a large volume of liquid containing oily drops 
at the bottom, which dissolved on the addition of excess of potash 
and warming; the clear solution thus obtained was evaporated in a 
porcelain dish to a small bulk, acidified with hydrochloric acid, 
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extracted six times with ether, and the ethereal solution dried over 
calcium chloride and evaporated, when a very small quantity only of 
an oil was left which solidified on standing; on recrystallisation 
from water, an acid was obtained melting at 174°—175°, evidently 
identical with the acid of the same melting point already obtained as 
described above; the quantity was, however, very small and hardly 
sufficient for a melting point determination. 

Considering the large quantity of original acid employed, only 
small amounts of pure substance had been extracted by ether, and it 
seemed likely, therefore, that an acid was contained in the steam dis- 
tillate, which, owirg to its great solubility in water, was not capable 
of being easily extracted by agitation with ether; this proved to be 
the case, for on evaporating the mother liquor (which had previously 
been made alkaline by the addition of potash) to dryness on the 
water bath, adding excess of concentrated hydrochloric acid, and 
again extracting six times with ether, a large quantity of a solid sub- 
stance was obtained melting at about 110—120°. This could not be 
recrystallised in the ordinary way owing to its great solubility ; but 
when it was dissolved in a little water, and the solution saturated 
with hydrogen chloride, the pure substance, on standing, separated 
almost completely in microscopic needles melting at 125—126°. The 
yield of this acid was 30 grams from the 144 grams of ethylic methyl- 
isopropylethanetricarboxylate used. 

The products of the hydrolysis of the 144 grams of this ethereal 
salt may therefore be tabulated as follows. 

1, An acid (18 grams) melting at 174--175°, only very slightly 
volatile with steam,* insoluble in hot benzene. 

2. An acid (1 gram) melting at 117—118°, not readily volatile with 
steam,* but easily soluble in hot benzene. 

3. An acid (30 grams) melting at 125—126°, volatile with steam,* 
and readily soluble in hot benzene. 

In the following sections, we give a detailed account of the pro- 
perties of the two acids melting at 175° and 126° respectively, 
showing that the former is the trans-, the latter the cis-methyliso- 
propylsuccinic acid. 

Method II.—Although as a method for the rough separation of 
large quantities of the crude mixed acids, distillation with steam from 
a 50 per cent. solution of sulphuric acid serves admirably, and yields 
the cis- and irans-acids in a tolerably pure form, yet it cannot be 
advantageously applied when smaller quantities have to be dealt 
with. 

Repeated recrystallisation of the crude mixture of acids from 
water fails to produce an acid of higher melting point than 170—173°, 


* From a 50 per cent. solution of sulphuric acid. . 
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and it is therefore almost impossible by these means to obtain a pure 
trans-acid; if, however, the recrystallised product be boiled for a few 
minutes with benzene, in which it is almost insoluble, filtered while 
hot, washed with warm benzene, and the product thus obtained sub- 
sequently recrystallised from water, long, flat needles of constant 
melting point, 174—175°, are readily obtained. 

Owing to the marked difference in the solubility of the cis- and 
trans-acids in water, the cis-acid is obtained in a very fair degree of 
purity on saturating the mother liquors with hydrogen chloride; 
the product, however, still contains traces of the trans-modification, 
but can easily be purified by treating with cold benzene, filtering, 
evaporating the filtrate to dryness, and recrystallising the residue 
thus obtained from hydrochloric acid, as above described. 


CH; 
H-¢-COOH. 
H-C-H 

OH(CH,), 
This acid crystallises from water in long, flat needles, which melt 


at 174—175°, and decompose at 190° with formation of the anhydride. 
The following results were obtained on analysis. 


0°2272 gave 0°4587 CO, and 0°1640 H,0. C = 55°00; H = 8:02. 
C.H,.O, requires C = 55°17. H = 8:04 per cent. 


Trans-methylisopropylsuccinic acid is readily soluble in hot water, 
ether, and ethylic acetate, but only sparingly in light petroleum 
and chloroform, almost insoluble in cold water and benzene. The 
solubility in water was determined by Victor Meyer’s method, when 
it was found that at 18°, 2°6146 grams of water dissolve 0°170 gram 
of the acid, or 100 parts of water dissolve 0°64 part of the acid at 
18°. This acid is, therefore, very sparingly soluble in cold water. 

The silver salt, CsxH,.0,Ag,, prepared by neutralising a 10 per cent. 
solution of the acid with a slight excess of ammonia, boiling for some 
time, concentrating, adding a little water, and then the requisite 
quantity of silver nitrate solution, gave the following result on 
analysis. 

0°2122 gave, on ignition, 0°1181 Ag. Ag = 55°65. 

C,H,,Ag.0, requires Ag = 55°67 per cent. 


Trans-Methylisopropylsuccinic acid (m. p.174—175°), coo 


Action of Heat on trans-Methylisopropylsuccinic acid.—When gently 
boiled for a few minutes under slightly diminished pressure, and 
then distilled, trans-methylisopropylsuccinic acid is converted into an 
anhydride which, on boiling with water, yields an acid melting from 
120—165°, and from which a small quantity of trans-acid can 
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be isolated by crystallisation from water. The mother liquor, 
when concentrated and saturated with hydrogen chloride, yields 
a considerable quantity of cis-methylisopropylsuccinic acid melting 
at 125—126°. The presence of the trans-acid in this product 
was at first thought to be due to its having distilled unchanged, but 
as no carbon dioxide was evolved on heating the distillate with a 
solution of sodium carbonate, this did not seem probable. Subse- 
quently it was proved, however, that anhydrides of both acids exist, 
the trans-anhydride being only completely converted into the cis- 
modification after repeated distillation under ordinary or slightly 
reduced pressure. 

Behaviour of trans-Methylisopropylsuccinic acid on heating with 
Hydrochloric acid at 180°.—In order to investigate this important 
point, 3 grams of the pure acid were heated with concentrated hydro- 
chloric acid in a closed tube, at 180°, for eight hours; the crystals 
which separated on cooling, melted at 120—150°, but on recrystal- 
lising and extracting with hot benzene, a quantity of the trans-acid, 
melting at 174—175°, was readily obtained, whilst the mother liquor, 
cn saturation with hydrogen chloride, yielded the cis-acid, the two 
acids being in, apparently, about equal proportions. As, on subse- 
quent investigation, the cis-acid, when heated in like manner with 
hydrochloric acid, yielded a mixture of the two acids, it was inferred 
that here, as in the cases of the symmetrical aa-dimethylglutaric 
acids, the hexahydroisophthalic acids, and other similarly constituted 
acids, a state of equilibrium exists. It is interesting to note that in 
this case it is quite easy to separate the mixture of the cis- and trans- 
acids obtained into its components by means of benzene; and that it 
does not behave like the mixture of cis- and trans-dimethylglutaric 
acids, which can only be separated with very great difficulty (Annalen, 
1895, 285, 332). 

Cis-Methylisopropylsuccinic acid eT Ment Spite 

1s-Methylisopropylsuccinic acid, m. p. Lav “°> 1.0-COOH 
CH(CH;), 


On saturating the aqueous solution of the acid with hydrogen chloride 
and allowing it to cool, microscopic needles separate, which melt at 
125—126°, and decompose at 140°, with formation of the anhydride. 
The analysis gave the following figures. 

0:1135 gave 02282 CO, and 0:0794 H,O. C = 5488; H = 7°77. 

CsH,O, requires C = 55°17; H = 8°04 per cent. 


Cis-Methylisopropylsuccinic acid is readily soluble in all the usual 
solvents, with the exception of light petroleum, in which it is only 
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sparingly solable in the cold; it also dissolves readily in acetyl 
chloride. The solubility in water, determined by Victor Meyer's 
method, yielded the following result at 18°. 2°1046 grams of water 
dissolve 0°0934 gram of the acid, or 100 parts of water dissolve 4°43 
parts of the cis-acid at 18°, it is, therefore, much more soluble than 
the trans-acid, of which 100 parts of water dissolve only 0°64 part at 
this temperature. 

The silver salt, CSH,,Ag,O,, prepared by the same method as that 
employed in the case of the trans-acid, gave the following result on 
analysis. 

0°2210, on ignition, gave 0°1232 Ag. Ag = 55°74. 

C,H,,0,Ag, requires Ag = 55°67 per cent. 

Action of Heat on cis-Methylisopropylsuccinic acid.—When gently 
boiled under reduced or ordinary pressure for a few minutes, or 
when slowly distilled, the acid readily loses water, and is converted 
into its own anhydride, and this, on boiling with water, again 
yields the cis-acid in a very pure condition. On treating a drop 
of this anhydride with a solution of sodium carbonate, on a watch 
glass, there is no evolution of carbon dioxide, so that the conversion 
is complete. 


The Anhydrides of cis- and trans-Methylisopropylsuccinic acids. 


Anhydride of trans-Methylisopropylsuccinic acid.—The simplest 
method of preparing this anhydride seemed to be the following. 
Five grams of the pure frans-acid were boiled with acetic anhydride 
for about two hours in a reflux apparatus, the solution poured into a 
glass dish, and the acetic anhydride evaporated as far as possible in 
a vacuum over potash. As no crystals separated after the lapse of 
five days, the product was distilled under reduced pressure (20 mm.), 
the anbydride passed over at 140—145° as a colourless vil, which, on 
standing, gradually solidified; it was pressed on a porous plate, and 
recrystallised from light petroleum (b. p. 80—100°), when it gave 
long, silky needles melting at 40°. 


02910 gave 0°4520 CO, and 0°1534 H,O. C = 61:33; H = 7°70. 
C.H,,0; requires C = 6154; H = 7°69 per cent. 

On boiling with water for half an hour, this anhydride dissolves, 
and, on cooling, the trans-acid separates in a very pure form, showing 
that the anhydride is in reality that of the trans-acid. The anhy- 
dride is not changed on distillation under reduced pressure, and 
even when rapidly distilled at the ordinary pressure it is only par- 
t ially converted into the cis-modification. 1f, however, it be heated for 
few minutes in a reflux apparatus and then distilled, it is converted 
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into the anhydride of the cis-acid, as shown by its yielding this acid 
on boiling with water, as also by its giving no precipitate with a 
benzene solution of aniline (see below). 

The Anhydride of cis-Methylisopropylsuccinic acid.—This anhydride 
was prepared in the following manner. Five grams of the cis-acid were 
heated with acetic anhydride for two hours, and the solution placed 
over potash ina vacuum. As soon as the smell of acetic anhydride 
was no longer perceptible, the product was distilled under reduced 
pressure (25 mm.) when the anhydride passed over at 138—140° as a 
colourless oil; this, however, showed no signs of solidification, even 
when kept for a considerable time, and all subsequent efforts to pro- 
cure it in a crystalline form proved fruitless. This anhydride, there- 
fore, appears to be liquid at the ordinary temperature. An analysis 
of a sample which has been distilled under reduced pressure gave 
the following results. 

01902 gave 0°4273 CO,, and 0°1333 H,O. C = 61:27; H= 7-78. 

C,H,.0; requires C = 61:54; H = 7°69 per cent. 

On boiling with water for half an hour, this anhydride dissolves, 
and on saturating the solution with hydrogen chloride, the cis-acid 
melting at 125—126° is obtained in a pure state. 


Conversion of the Anhydride of the trans-acid into that of the cis-acid. 


Three grams of the trans-anhydride were heated to boiling for 
three minutes under ordinary pressure in a flask shaped as shown in 
the figure, the flask being inclined, . 
so that the liquid could constantly 
run back ; the flask was then placed 
in a horizontal position, and the 
anhydride distilled into the re- 
ceiver A under reduced pressure. 

The liquid thus obtained showed 
no signs of solidification after pro- 
longed standing, and, as it yielded 
the pure cis-acid on boiling with 
water, it is evident that a trans- 
formation of the trans- into the cis- 
modification had actually taken 
place under the conditions of the 
experiment. 


The Anilic acids and the Anil of cis- and trans-Methylisopropylsuccinic 
acids. 

(1) TheAction of Aniline on the trans-Anhydride——Two grams of this 

anhydride were dissolved in benzene, and a molecular proportion of 
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aniline, also dissolved in benzene, added; a thick, white precipitate 
separated immediately, the contents of the beaker becoming solid. 
The product was then collected, washed with benzene, dried, and 
recrystallised twice from dilute alcohol ; the slender silky needles thus 
obtained melted at 160°, and decomposed at 170° with evolution of 
bubbles of steam. The substance dissolves readily in sodium 
carbonate solution. 

A nitrogen determination of this compound and its behaviour on 
hydrolysis proved that it consisted of the anilic acid of trans-methyl- 

(CH;),CH-COOH 9 
GHyNH-CO-CHCH, 
0-2590 gave 12°3 c.c. moist nitrogen at 17° and 753mm. N = 5°45. 
C\.H,NO; requires N = 5°62 per cent. 


Hydrolysis with Alcoholic Potash—Abont 1 gram of this anilic 
acid was heated with alcoholic potash for 12 hours on a water bath; 
on evaporating, acidifying, and extracting with ether, an acid was 
obtained which melted at 160—170°, rising to 174—175° after treat- 
ment with hot benzene. It consisted, therefore, of the trans-acid, the 
formation of which proves conclusively that the substance described 
above is in reality the trans-anilic acid. 

(2) The action of Aniline on the cis-Anhydride—On mixing a solu- 
tion of 1 gram of the cis-anhydride dissolved in benzene with a 
benzene solution of a molecular proportion of aniline, no precipitate 
of the anilic acid was formed as in the case of the trans-anhydride, 
so that this difference in behaviour towards a benzene solution of 
aniline may be used as a ready means of identifying these 
anhydrides. On evaporating to dryness on the water bath, an oil 
was left which only solidified after standing two days in a vacuum, 
and repeatedly stirring ; on grinding this up with cold benzene, filter- 
ing and washing with benzene, a white powder was left which 
crystallised from dilute alcohol in large, prismatic needles melting 
sharply at 153° and decomposing at 160°. Thinking that perhaps 
this might be the same substance as the anilic acid obtained from 
the trans-anhydride (m. p. 160°), it was again recrystallised, but the 
melting point remained constant. A nitrogen estimation yielded the 
following figures. 

02410 gave 11°9 c.c. moist nitrogen at 16° and 750 mm. N = 56°71. 
Cy.HigNO; requires N = 5°62 per cent. 

On hydrolysis with alcoholic potash, this substance yielded again 
the pure cis-acid, showing that it is in reality the anilide of the cis- 
acid. 


isopropylsuccinie acid of the formula 
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C\Hy-CH-CO_ 
OH,-CH-COo? 


The two anilic acids described above, when heated above their 
melting points, yield the same anil. 

The Anil obtained from the trans-Anilic acid.—The trans-anilic acid 
was heated in a small test-tube in a sulphuric acid bath at 200°, until 
water ceased to be given off. On cooling, the anil remained as a 
thick, oily substance, which did not solidify on stirring, but it did so 
immediately on boiling with dilute ammonia. The insoluble matter 
was collected, washed with hot ammonia, and recrystallised from 
dilute alcohol, with the aid of animal charcoal. It is necessary 
to use a large quantity of the solvent, and to promote crystallisation 
by adding a crystal of the substance, otherwise owing to its low 
melting point and the higher temperature of the solvent, it frequently 
separates as an oil. This anilide crystallises in glistening plates 
melting at 85°; it is insoluble in soda. 

The Anil obtained from the cis-Anilic acid.—On heating this acid in 
the manner described, an anil was obtained, identical in melting point 
and crystalline form with that prepared from the trans-acid. A nitro- 
gen estimation was made. 


CoH. 


Methylisopropylsuccinanil, 


~ 


01136 gave 55 c.c. moist nitrogen at 16° and 759 mm. N = 5:74. 
C,,H;;NO, requires N = 6:06 per cent. 


Salts of cis- and trans-Methylisopropylsuccinte acids. 


In each case a 10 per cent. solution of the inorganic salt was 
added to a 10 per cent. solution of the ammonium salt of the acid. 
126° cis- 175° trans- 
CuSO;. Cold, no precipitate .......+++.+. The same. 
Hot, vo precipitate; but on cool- 
ing, the copper salt separates in 


” 


NE iis vit.ie dhs see sawenes vi 
Pb(NO;).. Cold, white crystalline precipitate. . a 
“ Hot, - - 
Hg.(NO;),. Cold, white precipitate ........- 
‘a Hot, soluble in excess .......+4+ ™ 
HgCl.. Cold, no precipitate ......... es. ” 
re Hot, Ol > eee egueee White crystalline 
precipitate. 
CaCl. Cold, no precipitate .........6.. ”" 
Hot, Ce. eee ee ° = 
Fe.C],. Cold, flocculent red-brown precipitate in 


Hot, ” ” +b ” 


$° 


a 
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The Action of Ethylic a-Bromisovalerate on the Sodium Compound of 
Lthylic Methylmalonate in Alcoholic Solution. 


The action of ethylic a-bromisovalerate on the sodium compound 
of ethylic methylmalonate was next investigated, in order to determine 
whether by this means the acids described above, or, perhaps, different 
ones, would be formed. 

Six grams of sodium were dissolved in 60 grams of absolute 
alcohol, the solution mixed with 43 grams of ethylic methylmalonate, 
and 53 grams of ethylic «-bromisovalerate added in small quan- 
tities at a time to the hot solution; a tolerably energetic action set 
in, and after three hours’ heating on a water bath, the mass was 
found to be neutral. The alcohol was then distilled off, the product 
mixed with water, the oil which was deposited separated, and the 
aqueous liquid extracted six times with ether; after drying over 
calcium chloride, the ether was distilled off, and the residual oil 
fractionated under diminished pressure (67 mm.), when the chief 
fraction distilled between 190° and 210°; the quantity was, however, 
only 10 grams, or not more than 15 per cent. of the theoretical 
yield. 

Hydrolysis of this Ethylic Salt.—The ethereal salt was hydrolysed 
by boiling with a 50 per cent. solution of sulphuric acid in a round- 
bottomed flask, connected with Bischoff’s reflux 
apparatus, and heated on a sand bath. As 
during the operation an acid oil distilled over 
with the alcohol, and collected in the receiver, 
a short Liebig’s condenser was placed on the 
shorter arm of the apparatus, as shown in the 
figure, so as to ensure complete condensation, 
and from time to time the oil which had dis- 
tilled was separated and returned to the flask. 
After three hours’ boiling, all the oil had dis- 
) i appeared, and as, on adding water to the 

liquid, it dissolved without the separation of 
4 oily drops, the hydrolysis was considered as 
in complete. The product was now distilled with 
steam, and, as in the previous experiment 
(p. 276), it was noticed that an oily substance 
distilled over first, and sank to the bottom of 
the receiver; at the end of two hours the oil 
ceased to come over, and as the distillate was 
only faintly acid, the distillation was stopped. 

As no crystalline substance separated from the sulphuric acid 

solution on cooling, it was extracted with pure ether, and the ex. 
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tract, after drying, evaporated. The oil which was left did not solidify 
even when left in a vacuum over sulphuric acid for five days; it 
was therefore dissolved in water and the solution saturated with 
hydrogen chloride, but the substance was reprecipitated as an oil, 
no crystals being formed. The steam distillate, which contained, as 
stated above, an insolable oil, was made strongly alkaline, evapo- 
rated to dryness on the water bath, mixed with excess of concentrated 
hydrochloric acid, and extracted with ether. The oily product, which 
solidified partially on standing, was dissolved in water and saturated 
with hydrogen chloride ; the crystalline substance which separated 
melted at 113—117°, but after repeated recrystallisations it had a 
constant melting point of 125—126°. 

An analysis gave the following figures. 

02303 gave 0°4639 CO, and 0°1643 H,O. C = 54°94; H = 7:93. 

COsH,,O, requires C = 55:17; H = 8:04 per cent. 
The substance is therefore without doubt cis-methylisopropylsuccinic 
acid. 

It is remarkable that in this reaction the cis-acid alone should be 
produced ; no trace of the trans-acid could be isolated, and it could 
hardly have been overlooked, as it usually separates with great ease, 
and is readily purified. 


Action of Ethylic a-Bromisovalerate on the Sodiwm Derivative of Ethylic 
Methylmalonate in Xylene Solution. 


As explained in the introduction, the object of this experiment 
was to determine whether, in xylene solution, the condensation be- 
tween ethylic bromovalerate and ethylic methylmalonate might not 
proceed in a different manner from that in alcoholic solution, yielding 
derivatives of glutaric acid. 

Fifteen grams of sodium in the form of powder* (molecular 
sodium) were suspended in about 400 c.c. of xylene and 117 grams 
of ethylic methylmalonate added; at the ordinary temperature the 
sodium dissolved only slowly, but, on slightly warming, a violent evo- 
lution of hydrogen took place, and the sodium derivative of ethylic 
methylmalonate separated as a pasty mass, in fact, the contents of 
the flask became so thick that more xylene had to be added. Ethylic 
a-bromisovalerate (141 grams) was then poured into the cooled 
solution, but no perceptible action occurred, although the sodium 
derivative dissolved in the mixture; the flask was therefore con- 
nected with a reflux condenser and heated to boiling on a sand bath 
for five hours, when sodium bromide separated in large quantities. 

* As obtained by melting the sodium under the xylene in a corked flask and 
shaking vigorously. 
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When cold, the product was mixed with water, the xylene solution 
separated, and the aqueous liquid extracted three times with small 
quantities of xylene. The combined extracts were dried with calcium 
chloride, and the xylene distilled off as far as possible under the 
ordinary pressure ; as soon, however, as the thermometer began to rise 
rapidly, the residue was transferred to a smaller flask, and the frac- 
tionation continued under diminished pressure (80 mm.); the chief 
fraction distilled at 200—210°, and weighed 71 grams, or 35 per 
cent. of the theoretical yield of pure ethylic salt. 

Hydrolysis of the Ethylic Salt.—This ethereal salt was hydrolysed 
by means of a 50 per cent. sclution of sulphuric acid in the manner 
described in the previous instance (p. 284); after 12 hours, all oil 
having disappeared, the product was distilled with steam. 

The sulphuric acid solution, on cooling, deposited a large quantity of 
crystals, which melted indefinitely at 160—17%°, but on twice recrys- 
tallising from water, the melting point rose to 174—175°, and remained 
constant. The following figures were obtained on analysis, showing 
that the substance was trans-methylisopropylsuceinic acid. 


02102 gave 0°4327 CO, and 0°1512 H,O. C = 5497; H = 7:99. 
C.H,,O, requires C = 55°17; H = 8:04 per cent. 

The filtrate from these crystals, on extraction with ether, &c., gave 
an oily residue, which, on standing, partially solidified ; it was then 
spread on a porous plate, and the solid residue recrystallised from 
concentrated hydrochloric acid, when an acid was obtained melting 
sharply at 115—116°. This was evidently isopropylsuccinic acid,* 
since, on analysis, it yielded the following result. 


02403 gave 0°4657 CO, and 0°1667 H,O. C = 53:07; H = 7°70. 
C;H,,0, requires C = 52°52; H = 7°52 per cent. 


The Steam Distillate.—As in the previous experiment (p. 285) 
this was made strongly alkaline with potash, evaporated to dryness, 
concentrated hydrochloric acid then added in large excess, and the 
whole extracted with ether; in this way, a solid substance was ob- 
tained which melted roughly at 110—120°, and on recrystallising 
four times from concentrated hydrochloric acid, gave cis-methyliso- 
propylsuccinic acid melting constantly at 125—126°. 

01926 gave 0°3905 CO, and 0:1388 H,O. C = 55°29; H = 8-01. 

C3H,,0, requires C = 55:17; H = 8:04 per cent. 
The quantities of these two acids melting at 126° and 175° rezpec- 


tively were about equal. 


* The formation of this substance is obviously due to the presence of traces of 
ethylic malonate in the ethylic methylmalonate used. 
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Cis- and trans-methylisopropylsuccinic acids are therefore formed 
in about equal proportion by the action of ethylic «-bromisovalerate 
on the sodium compound of ethylic methylmalonate in xylene solu- 
tion, whereas the same condensation conducted in alcoholic solution 
yields the c’s-modification only. 


XXVIIL.—Available Potash and Phosphoric acid in 
Soris. 
By T. B. Woop, M.A., Secretary to Cambridge and Counties 


Agricultural Education Scheme. 


Ix a paper by Dr. Bernard Dyer (Trans., 1894, 115—167) a con- 
venient method is given for determining the available minerals in 
soils. 

Dr. Dyer determined the sap-acidity of the smaller roots of a great 
number of plants, and found that on the average the sap-acidity 
might be taken as equivalent to that of a citric acid solution con- 
taining 1 per cent. of the crystallised acid. He then determined, in 
different samples of soil, the percentages of potash and phosphoric 
acid soluble in a citric acid solution of the strength above mentioned. 
The samples were taken from the various plots in the permanent 
barley field at Rothamsted, and the analyses, thus conducted, in- 
dicated very satisfactorily the relative amounts of available potash 
and phosphoric acid in each plot, as evidenced by the known yield 
and manuring. 

A determination of the percentage of potash and phosphoric acid 
soluble in a 1 per cent. citric acid solution, would thus appear to 
give a trustworthy and rapid indication of the amount of available 
potash or phosphoric acid in any soil. 

For the last four years, I have taken part in the management of 
the experimental plots of the Norfolk Chamber of Agriculture, and 
of the Saffolk County Councils, and during that time I have come 
across most striking variations in the effects of potash and phosphatic 
manures on the different soils. 

It seemed to me that an examination of these soils by Dyer'’s 
method might give important evidence as to its technical usefulness. 

The crops grown on the plots have included most of the ordinary 
agricultural crops, but for the purpose of this paper I quote only the 
results obtained with barley, in order that they may be more strictly 
comparable with those tabulated in Dr. Dyer’s paper. The annexed 
table shows the average yield of several years’ crops. 
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Table showing Yield of Barley in Bushels per Acre. 


Higham, Warham. | Bramford. | Flitcham I. | Flitcham II. 


ee 


Superphosphate.... 


Nitrate of sodium .. 
Potassium salts .... 


Superphosphate.... } 


Potassium sults .... 


Nitrate of sodium .. 
Potassium salts .... 


Nitrate of sodium .. 
Superphosphate.... 


Nitrate of sodium .... 


Potassium salts ...... 


(Quantities of Mauures. 
In each case the quantities used were as follows. 


Superphosphate. . 3 cwt. per acre. 

Potassium salts,......... 1 cwt. per acre, as sulphate or 
chloride. 

Nitrate of sodium........ 1 cwt., and in some cases 2 cwt.. 
per acre. 


Effect of Potash Manures. 


From this point of view these soils may be divided into two: 
groups. 

I. Those to which the addition of potash produces only a small 

increase in the yield of corn— 
Average. 

Higham, Warham, Bramford -«» 12 bushel per acre. 

II. Those to which an equal addition of potash produces a very 
great increase in the yield of corn— 

Flitcham I. Fliteham JI. Average. 


45 bushels 22 bushels 334 bushels per acre. 


The soils of Group I must evidently contain an abundance of 
readily available potash, whilst those of Group II must be deficient 
in this constituent in an available condition. Accordingly the soils 


of the first group should contain much potash soluble in 1 per cent. 
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citric acid, whilst those of the second group should contain but little 
potash soluble in that solvent. 

I have obtained samples of all the soils through the kindness of 
members of the Norfolk Chamber and of the East and West Suffolk 
Technical Education Committees, to whom I now tender my best 
thanks. 

The soils are all very similay, being light soils on chalk subsoil. 


Analysis of the Soil. 


The samples were air-dried, sifted, &c., aud the moisture deter- 
mined in the air-dried fine soil, which was then used for all the other 
determinations, the results being thus calculated on the dry soil. 
Nitrogen, organic matter, phosphoric acid, lime, potash soluble in 
hydrochloric acid were all determined by the ordinary methods; the 
hydrochloric acid used was a mixture of the strong acid with its own 
volume of water,10 grams of the soil being boiled with 50 c.c. of the 
dilute acid for half an hour, evaporated nearly to dryness, and 
extracted with water. The potash soluble in 1 per cent. citric acid 
was determined exactly as directed in Dyer’s paper. 

The results are appended in the annexed tables. 


| 
Higham.| Warham. Bramford. Fliteham I. Flitcham II. 


Moisture cece : , 0°87 
Organic matter ...... . 1:97 
Nitrogen ; | 0-°130 
Phosphoric acid...... 3 O'll 
Lime .o-esccccccece| 5° 0°76 
Total potash. . — 
Potash soluble in HCI , | 0°185 
Potash soluble in 1 per . | 0:°012 
cent. citric acid | 


| 


. 
~ 
~— 


_ 
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Table showing Increase produced by Soluble Potash Manure side by side 
with the amount of available Potash as shown by Solubility in 1 
per cent. Citric acid. 


Increase bushels | Available potash by 1 per 
per acre. cent. citric acid. 


cht bee sdcceecoedes! } 0-013 
Warham. evcccccecece 0°012 
Bramford . 00 90. 90.s8i09.08 : 0-019 
Average Group I . eves 0 °0147 
Flitcham I . cc coceccccce i 0°0063 
Flitcham eS 22 0 0084 
- Average Group II . Pere 0 00735 
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From the above table, it will be seen that Dyer’s method shows 
twice as much available potash in the Group I soils as in the 
Group II, and this result agrees well with the results of the manurial 
experiments, which showed so clearly that Group I soils contained 
much more available potash than Group II. 

The agreement would have been still more striking had not the 
occupier of the land at Flitcham applied two dressings of chloride 
of potassium, between the times when the field experiments were 
made there and the samples of soil were taken for analysis. 

Dyer’s method thus shows clearly the very different amounts of 
available potash in the two groups of soils; indeed, had it been 
applied to the Flitcham soils in the first instance, it would have indi- 
cated, more rapidly, and more economically than the field experiments 
did, the necessity of applying soluble potash manures in order to 
grow a profitable crop. 

At the end of Dr. Dyer’s paper, there is a suggestion that, in order 
to make the results strictly comparable for all soils, sufficient citric 
acid should be added to neutralise all the chalk in the soil and leave 
1 per cent. over. 

As several of the above soils contained large amounts of chalk, I 
acted on this suggestion, but found that, under these experimentat 
conditions, the amount of potash dissolved was nearly equal in the 
case of each of the three soils tried. The numbers are annexed. 


Higham. | Flitcham I. | Flitcham II. 


Potash soluble in 1 per cent. citric acid...| 0°013 0 0063 0°0084 
Potash soluble in 1 per cent. citric acid + 
enough to neutralise all the chalk .....| 0°017 0°018 0015 


In adding the extra citric acid, the following method of procedure 
was adopted. The soil was put into a Winchester quart, with 1 per 
cent. acid, as detailed in Dr. Dyer’s paper, and the amount of citric 
acid required to neutralise the chalk was weighed out and added at 
the rate of about 1 gram per hour, with frequent shaking. 

When most of the extra acid had been added, the solution was 
titrated, and found to be nearly 1 per cent. in strength. It was then 
left until the sixth day and titrated again, and a further small 
amount of acid added to make the strength 1 per cent. On the 
seventh day, the liquid was separated, and the dissolved potash deter- 
mined as before. 

As will be seen by the above numbers, this method gave no indi- 
cation of the much greater amount of available potash in the 
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Higham soil than in the two soils from Flitcham, and I venture to 
suggest that the clearest indication of the amount of available potash 
is obtained by extracting the soil with 1 per cent. citric acid, without 
regard to the amount of chalk contained in it. 

It seems to me, also, that by doing so one is imitating more nearly 
the conditions under which the plant obtains its potash, for there is 
no evidence to show that the acidity of the root juice is greater when 
the soil is more calcareous. 


Available Phosphoric acid. 


Among the results of the Norfolk and Suffolk experiments are 
many numbers referring to the growth of swede turnips with dif- 
ferent manures, and I have picked out the following as giving a 
graduated series in which the effect of superphosphate is practically 
nil, very great, and intermediate between these two. 


|  Bramford. Higham. Warham. 


Tons. Cwt. Tons. Cwt. Tons. Cwt. 


— 


BO ABUL. < 66.00 08408 8 7 4, 5 + 18 
Superphosphate, 4 cwt... | 8 = wi ¥ 6 15 8 13 
Nitrate of soda, 2 cwt. .. ie | ae) oe ioe a 
Nitrate of soda, 2 cwt. pseatent Ber ats iid 


Superphosphate, 4 cwt. 


11 9 7 3 Bidip ss 
| 


It will be seen that the effect of superphosphate is practically nil 
at Bramford, while at Higham it is considerable, and at Warham 
greater still. 

[ have estimated the phosphoric acid in these three soils by Dyer’s 
method, both with and without the addition of extra citric acid to- 
neutralise the chalk, the extra acid being added in the manner 
described above. The results are given in the following table. 


| Bramford. Higham. {| Warham. 
| ——a 
' 
Lime (CaO)... ..cccecccccecess | 1 -96 8°88 0-76 
Phosphoric acid (P,0;) I. 0°23 0°218 0°11 
i. & 0-080 0-012 0 ‘0076 
” ” om 0°085 0 056 } a 
| ' 


I being phosphoric acid soluble in strong nitric acid on boiling ; 
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‘ II, phosphoric acid soluble in 1 per cent. citric acid; IIT, phosphoric 
acid soluble in 1 per cent. citric acid using extra acid to neutralise 
the chalk. 

The analytical numbers obtained with the 1 per cent. acid show 
very clearly the much greater amount of available phosphoric acid in 
the Bramford soil than in either of the others, and the much smaller 
and more nearly equal amounts in the soils from Higham and 
Warham. This agrees perfectly with the results obtained in the 
field experiments with swedes quoted above, and the method appears 
to give even better resulis for phosphoric acid than it did with 
potash. 

When the extra citric acid was added, in the case of the Bramford 
soil with only 1°97 per cent. of lime, a slightly greater amount of 
phosphoric acid was dissolved; in the Higham soil, containing 5°88 
per cent. lime, nearly five times as much P.O; was dissolved as with 
1 per cent. acid only. The Warham soil contained so little lime that 
no determination with extra acid was thought necessary. 

Comparing the results obtained with and without the extra acid, 
it appears that the 1 per cent. acid only, the chalk being neglected, 
gives numbers more nearly proportional to those ascertained by 
tield experiment; and again | think that this is only to be expected, 
for thus we imitate most nearly the solvent action of the plant 
juices. 

In the case of the 1 per cent. acid and a soil rich in chalk, the 
large amount of carbonic acid evolved must have an appreciable 
solvent action on the potash and phosphates present. 100 grams of 
the Higham soil suspended in 1 litre of water through which 
purified carbonic anhydride was passed for 48 hours yielded the 
following numbers. 


K,0 dissolved by water saturated with CO,.... 0°008 per cent. 

P.O; ” ” a ” 

K,O soluble in 1 per cent. citric acid —. Ve 

P.O; 39 ? . : ” 

My thanks are due to Dr. T. H. Easterfield for many valuable 
suggestions given in the course of the work. 


Agricultural Department, 
University Chemical Laboratory, 
Cambridge. 


XXX.—The Production of Naphthalene and of Iso- 
quinoline Derivatives from Dehydracetic acid, 


By J. Norman Couture, Ph.D., F.R.S.E., and N. T. M. Witsmore, 
M.Sc. (Melbourne). 


In a former paper by one of us (Trans., 1893, 63, 329 et seq.), it was 
shown that under certain conditions diacetylacetone condenses with 
loss of water, forming a yellow, crystalline compound, melting at 
108—109°, and this compound condenses further to a second yellow 
substance, which melts at 183—184°, and proved to be a naphthalene 
derivative. All*the work then done with this second substance 
indicated, with considerable probability, that its constitution was 
3 : 3'-dimethyl-2-acetyl-1 : 1'-dihydroxynaphthalene. 

The present communication is an account of further research on 
these compounds, in which it was sought to elucidate the mechanism 
of the reactions taking place in their formation, and to obtain further 
evidence as to their constitution. 

It would appear from what follows that, of the possible tautomeric 
forms of diacetylacetone, one is comparatively stable and incapable 
of condensation to the above compound, whilst another is unstable— 
readily changing into the stable form, or condensing by union of 
2 mols. with loss of water. It is interesting to note in this connection 
that W. H. Perkin (Trans., 1892, 61, 827) has shown, from the mag- 
netic rotation, that at a temperature of 60°4°, two double linkings 
are present in the diacetylacetone molecule, whilst at lower tempera- 
tures, it tends to pass into the trihydroxy-derivative. 

The condensation occurs most readily when the diacetylacetone— 
which acts as a dibasic acid to strong bases—is combined with only 
half its equivalent of barium. Possibly 2 mols. are here united by 
an atom of barium in the form of an acid salt, this being a first step 
to the more complete union. Certainly a univalent metal, such as 
sodium or potassium, cannot be substituted for barium; but, on 
the other hand, the formation of the yellow substance will take 
place, even if the whole of the barium be removed as carbonate by a 
current of carbonic anbydride. In all other cases, the barium 
hydroxide liberated by the condensation hydrolyses some of the 
remaining diacetylacetone, forming barium acetate. The condensa- 
tion is, however, not complete in any case; and at most, only half of 
the theoretical yield has been obtained. 

In accordance with the foregoing, we would suggest that the 
normal barium salt of diacetylacetone should also be written double, 
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having the constitution B9<O.OCCHCHCO-CE:0.CE O> Bs, 
instead of that suggested by Feist (Annalen, 1890, 257, 276). 

Owing to the difficulty with which the yellow compounds react, 
comparatively little progress has been made with them. From the 
second, dimethylacetyldibydroxynaphthalene—a dimethylnaphtha. 
lene has been prepared, which, on oxidation, yields 1 : 3: 4-methyl- 
phthalic acid. Also, by the action of strong sulphuric acid, the 
acetyl group appears to have been removed, leaving a colourless sub- 
stance. 

Very little direct experimental evidence as to the constitution of the 
first substance, m. p. 108—109°, has been obtained. In all proba- 
bility, it is a benzenoid compound, having long side-chains which 
unite to form dimethylacetyldihydroxynaphthalene. The condensa- 
tion of diacetylacetone, therefore, takes place in two stages. 


CHyC:CH + O:CH-CO-CH; 


iOH ‘OH! ae 
ia | (et aaa 
GH:COH-GH-CO-CH,-CO-CH, 
H H H 
CG Cc OC 
an. VAN 
CH; (-CH,CO-CH, _ CHC ¢ OCH, + HO 
= HC C-CO-CH,CO-CH, HC GC OCO-CH, ’ 
\/ YV/\Z 
G COC 
Ou OH OH 


First yellow compound. Dimethylacetyldihydroxynaphthalene. 


The probability of the benzenoid character of the first compound 
is heightened by its peculiar behaviour with ammonia, resulting in 
the formation of what appears to be a derivative of isoquinoline. The 
reaction seems to be 


H H H 
C Cc C 
ZN, ‘alas 4V\/~S 
CH;C C-CH:C |OH}|-CH; CHC C CCH: . oto 
| || /AaN = HO CN : 
HC ClO -CHyCO-CH, VAT 
\4 C C 
OH CH,°CO-CH; 
OH a-acetonyl-8-3-dimethyl-1-hydroxy- 
isoquinoline, 


By heating this new base with strong sulphuric acid, part of the 
side-chain is removed, leaving aa'-3-trimethyl-1-hydroxyisoquinoline 
(1’ : 3’ : 3-trimethyl-1-bydroxyisoquinoline), 


a ee. [elhlUL7l!hlU le lel hlhULa,lUe,wlCUeeene CO CellC ll relCl ll tsi «Cs as 
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OH CH; 
aa’-3-trimethyl-1-hydroxy-isoquinoline. 

This second base, on oxidation, gives a pyridinecarboxylie acid, 
which is probably aa'-dimethylpyridine-@y-dicarboxylic acid (2 : 6- 
dimethylpyridine-4 : 5-dicarboxylic acid), 

CH 
JS 
COOH-C C-CHs 
COOH'C N 
\Z 
C-CH; 

Hence one more example is to hand of the generalisation empha- 
sised in the former communication above referred to, respecting the 
tendency of the aldehydic and ketonic derivatives to produce com- 
plex compounds by reactions similar to those occurring in nature, 


Condensation of Diacetylacetone. 


The immediate starting point in most of these experiments was 
the yellow barium salt of diacetylacetone, first described by Feist 
(Annalen, 1890, 257, 276). This was prepared from dehydracetic 
acid by boiling it with strong hydrochloric acid until the evolution 
of carbonic anhydride ceased, and then evaporating the solation to 
dryness in a vacuum; the compound, C,;H,,0,;Cl, thus obtained 
(Trans., 1891, 59, 619) was dissolved in water, and the strongly acid 
solution neutralised with solid sodium carbonate to produce a solu- 
tion of dimethylpyrone. It was found convenient to dilute this so 
that 4 c.c. corresponded with 1 gram of the dehydracetic acid taken. 
On heating to boiling and adding excess of hot, strong solution of 
barium hydroxide (2°4 grams of barium hydroxide to 1 gram of the 
original dehydracetic acid), the sparingly soluble barium salt of 
diacetylacetone was precipitated. This was washed rapidly with hot 
water on the filter pump, and used as soon as cold. The weight of 
barium salt, dried on the pump, was about equal to the weight of 
barium hydroxide taken. A sample of the salt, free from barium 
carbonate, washed with hot water, and then with alcohol and ether, 
and dried in a vacuum over sulphuric acid, was found to contain 
49°32 per cent. of barium, which agrees with Feist’s determination. 
Ba,(C;H,O;)2 requires 49°46 per cent. 

Y¥2 
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The moist salt has a strongly alkaline reaction, readily absorbing 
carbonic anhydride from the air, and turning reddish, dimethylpyrone 
and other products being formed. 

The original method of bringing about the condensation was as 
follows. The barium salt, made into a thin paste with water, was 
nearly dissolved in hydrochloric acid of about 15 per cent., leaving 
the solution faintly alkaline, and the solution was filtered from traces 
of barinm carbonate, &c.; on standing, the first yellow compound, 
melting at 108—109°, crystallised out, and on concentrating the 
mother liquor under diminished pressure, a further crop of crystals 
was obtained, consisting, however, of the second substance—dimethyl- 
acetyldihydroxynaphthalene. The residue obtained on evaporation to 
dryness contained barium chloride and acetate (the latter apparently 
formed by hydrolysis of some of the diacetylacetone), mixed with a 
considerable quantity of resinous matter. The distillate contained, 
among other things, acetylacetone. The barium salt dissolved, and 
the solution became neutral when hydrochloric acid equivalent only 
to half the barium present had been added. If acid stronger than 
that mentioned were used, there was a tendency for free diacetyl- 
acetone to be formed. The yield of the yellow substances averaged 
about 22 per cent. of the weight of dehydracetic acid taken. 

Several modifications of this method were tried. 

I. The solution of dimethylpyrone was divided into two equal 
parts. One part was converted into barium salt, and this was then 
mixed with the other part, in which it dissolved. A very poor yield 
was obtained, owing, probably, to the solution being too alkaline 
from the excess of barium hydrate, which cannot be completely 
washed out of a large precipitate of the barium salt of diacetylacetone 
without serious loss of the latter. 

II. Acetic acid was substituted for hydrochloric acid as a solvent 
for the barium salt. The latter substance, from 45 grams of de- 
hydracetic acid, was treated with 16 c.c. of acetic acid of sp. gr. 1°05, 
which neutralised it. Diacetylacetone was the only product. In 
another case, however, where acetic acid equivalent to the barium 
was added, diacetylacetone was again precipitated; but the filtrate, 
on standing, deposited considerable quantities of the first yellow 
substance. By using only half the amount of acetic acid necessary 
to neutralise the barium, the reaction went as with hydrochloric acid. 
In one case, from 12°5 grams of dehydracetic acid, 2°4 grams of the 
first yellow compound were obtained, or about 19 per cent. In 
another, from 4°5 grams of dehydracetic acid, using 20 per cent. 
acetic acid for neutralising, 2 grams of the yellow substance were 
obtained, or 44 per cent. In this case, the solution of the barium 
salt in acetic acid was warmed, and dimethylacetyldihydroxynaph- 


ws 


© 
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thalene was the chief product. The method with acetic acid 
appeared too uncertain in its results to warrant an experiment on a 
larger scale. , 

III, The barium salt, from 45 grams of dehydracetic acid, was 
suspended in water, and the barium was neutralised with a current 
of carbouic acid. The barium carbonate was filtered off, and the 
solution evaporated rapidly under diminished pressure to 30 c.c. 
15 grams of the first yellow compound, in a pure condition, crystal- 
lised out, being a yield of 33 per cent. The distillate contained 
diacetylacetone. The solution was free from barium, so that di- 
acetylacetone, in an unstable, tautomeric form, that is, in a nascent 
state, must have been present. The method is, therefore, of interest, 
but is inconvenient owing to the large bulk of solution which has to 
be evaporated. This means serious loss by hydrolysis of the di- 
acetylacetone to acetylacetone, acetic acid, &c., together with resinous 
substances, when dealing with any but small quantities, 

1V. A modification, which gave fairly good results, even on a 
pretty large scale, consisted mainly in the use of oxalic acid for 
neutralising the barium salt. A 20 per cent. solution of (crystalline) 
oxalic acid, warm enough to keep the acid dissolved, was used. 

The mixture became neutral when oxalic acid, equivalent to half 
the barium present, had been added. The barium oxalate was 
filiered off rapidly, preferably first with linen, and the filtrate 
allowed to stand over night, when very pure crystals of the first 
yellow substance were obtained. It was found better not to con- 
centrate the filtrate from these, but to precipitate again with barium 
hydrate, and treat the barium salt of diacetylacetone thus recovered 
with oxalic acid as above, when a further, though much smaller, 
quantity of the yellow substance could be obtained. It did not 
appear to signify if oxalic acid were added until the reaction was 


acid. In one case, from 200 grams of dehydracetic acid, 63 grams of 


the pure first yellow compound was obtained, being a yield of 31°5 
per cent. The latter yield was probably due to the smaller amoun: 
of mineral salt left in solution. 

V. The barium salt of diacetylacetone, from nearly 3 grams of 
dehydracetic acid, was treated with a dilute alcoholic solution of 
diacetylacetone ; when about 4 grams of the latter had been added, 
the barium salt had entirely disappeared. On filtering to remove 
traces of barium carbonate, and concentrating to 30 c.c., no precipi- 


tate was formed; but, on standing for several days, about 1 gram of 


the first yellow substance was deposited. The filtrate from this was 
made alkaline with ammonium carbonate, and filtered; on evapora- 
tion, a semi-crystalline mass was left, which yielded a further small 
quantity. 


—— 
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VI. An experiment with diacetylacetone alone was next tried. 
The barium salt, from 50 grams of dehydracetic acid, was treated 
with excess of hydrochloric acid, and the diacetylacetone formed 
extracted with chloroform; on evaporating the latter, 33 grams of 
diacetylacetone were left. This was heated for several days at 100° 
in a sealed tube; water gradually separated, and the whole finally 
set to a mass of crystals of dimethylpyrone, no yellow compound 
being formed. 

Experiments V and VI seem to lend further support to the 
hypothesis that the formation of an acid barium salt of diacetyl- 
acetone, or of the latter substance in a “ nascent” state, are import- 
ant steps towards the condensation. 

VII. Dimethylpyrone was treated with strong potash, and the 
potassium salt which separated was collected; on adding hydro- 
chloric acid until the reaction was only faintly alkaline, the salt 
dissolved, but no yellow coloration appeared on standing. Ulti- 
mately, a white, crystalline precipitate of dimethylpyrone was 
thrown down. 

The theoretical yield from dehydracetic acid, supposing all the 
diacetylacetone to condense, would be 73°8 per cent. of the first 
yellow compound, or 68°5 per cent. of dimethylacetyldihydroxynaph- 
thalene. Hence in all the methods tried, there was serious loss, 
which occurred almost entirely in the process of condensation of the 
diacetylacetone, since the preliminary reactions were nearly quanti- 
tative. 


Dimethylacetyldihydroxynaphthalene. 


It was mentioned in the former paper that, by distilling the di- 
acetate over heated zinc dust, a naphthalene hydrocarbon, melting at 
92-—93°, was obtained, which appeared to be 2 : 3 : 3-trimethylnaph- 
thalene. This experiment was repeated, as it seemed somewhat 
curious that a trimethyl derivative should be formed. 50 grams of 
the diacetate were decomposed by zinc dust at the lowest tempera- 
ture which would give the naphthalene hydrocarbon; but only a 
very small yield, in all less than 2 grams of the hydrocarbon, was 
obtained. This was purified by sublimation between watch glasses, 
and was finally found to melt at 67—69°; it could also be sublimed 
at the same temperature. On analysis, numbers which agreed with 
hose required by a dimethy]naphthalene, were obtained. 


Calculated for 
Found. Ci9H,(CH3)>. 
odviate os. 91°4 91°3 


Bis neces 87 8°7 
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It was hardly attacked by boiling with chromic acid; but, by 
heating under pressure, or boiling with dilute nitric acid for a long 
time, it ultimately yielded an avid as a flocculent precipitate. This 
acid was soluble in water, but was removed from its aqueous solution 
by agitation with ether. On heating alone, it yielded a crystalline 
sublimate, and it gave the fluorescein reaction. The melting point 
of a few crystals was somewhere about 115—120° (?), whilst Young 
(Ber., 1892, 25, 2108) gives for 1 : 3 : 4-methylbenzenedicarboxylic 
acid the melting point 124°. The silver salt, on analysis, gave 
55°5 per cent. of silver. C.H.O,Ag, requires Ag = 548. The acid 
was, therefore, in all probability 1 : 3 : 4-methylbenzenedicarboxylic 

. CH 
cus Y-coon 


acid, 


The action of strong sulphuric acid on dimethylacetyldihydroxy- 
naphthalene was studied with a view of removing the side-chains. 
On dissolving 7 grams of the substance in about 30 c.c. of 98 per 
cent. sulphuric acid, a solution was obtained exactly the colour of 
chromic acid; but, on warming to 60—80°, the colour disappeared ; 
it was now poured into water, when a white emulsion was formed, 
which finally changed to a granular mass of crystals. These were 
dissolved in cold alcohol, and boiled with animal charcoal ; on adding 
water, an oil was precipitated, which crystallised on standing. By 
again dissolving in alcohol and precipitating with water, a white, 
crystalline precipitate was obtained, which was dried over sulphuric 
acid and analysed. The results were, however, unsatisfactory, 
Found, C= 743; H = 68. C,.H,»O, requires C = 766; H = 63. 
The crystals had a very low melting point ; they were soluble in cold 
soda, but reprecipitated by acids. With chlorine or bromine water, 
they gave a brilliant purple coloration, but there was no reaction 
with ferric chloride. On warming with sulphuric acid, violet 
vapours were given off, but on adding water to the solution, nothing 
but a black residue, was obtained. 

On fusion with potash, dimethylacetyldihydroxynaphthalene 
yielded only a charred mass. With fuming nitric acid, a nitro-com- 
pound may have been formed, but in quantity too small for investi- 
gation. The action of hydroxylamine and of aniline was again tried, 
but the results were as described in the last paper. With ammonia, 
nothing but a tarry mass was produced. 


ae 
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CH gN, CH,-CO-CH 
° ‘ 3 “UDYUUURS 
The First Yellow (Benzenoid ?) Compound, H (-CO-CH,-CO-CH,' 
SZ 
C-OH 

Owing to the great readiness with which this substance changes 
into dimethylacetyldihydroxynaphthalene, very little could be done 
with it; this occurs even if its solution in strong or aqueous alcohol 
is boiled for some time, or concentrated. In the latter case, the 
change usually takes place suddenly, the less soluble product crystal- 
lising out. With hydroxylamine, however, it forms a dioxime 

Nitrogen found, 9°9. C,,HisN.0, requires 10°0. 

It is soluble in alkalis, more easily in potash than in soda; and if 
the solution is acidified at once, the original substance is reprecipi- 
tated, but if the alkaline solution is allowed to stand, or is warmed, 
the corresponding salt of dimethylacetyldihydroxynaphthalene is 
formed, the solution changing colour from lemon-yellow to deep 
orange. Hence salts of the first compound could not be isolated. 

With ammonia, the action was different; the compound dissolved 
easily in aqueous ammonia, and, on evaporation over sulphuric acid 
in a vacuum, a yellow substance was left, easily soluble in alcohol 
and, to some extent, in water, giving intensely yellow solutions, 
which were neutral to litmus. In one preparation, an attempt was 
made to boil off the excess of ammonia, but decomposition ensued, a 
strong smell of pyridine bases being apparent. On adding hydro- 
chloric acid to the solutions of the new substance, no precipitate was 
formed ; but, in the case of the aqueous solution, the colour disap- 
peared almost entirely. On evaporating its solutions, the substance 
crystallised out in minute, yellow needles, which contained nitrogen. 
It was soluble in warm, dilute soda solution, but insoluble in strong, 
although it decomposed to some extent. In neither case, however, was 
ammonia evolved. In some cases, the solution of the benzenoid com- 
pound in ammonia deposited the new substance on merely standing, 
indicating that probably an ammonium salt of the former was first 
formed. a 

The new compound is believed to be a derivative of isoquinoline. It 
crystallises with 4 mol. of water, which it retains on drying over sul- 
phuric acid, but loses at 130°, leaving a yellow, amorphous powder. 


0°2937 gave 0°7679 CO, and 0°1733 H,O. C = 71°31; H ='6-56. 
03152 , 08251 , O1921 , C=71:39; H=6-77. 
0°2507 ,, 13:3 c.c. moist nitrogen at 19° and 766 mm. N = 6:00. 
0°7778 lost 0°0193 H,O at 130°. H,O = 2°48. 
C,H,;NO,,4H,O requires C = 71:49; H = 6°64; N= 5:96; H,O = 
2°55 per cent. 
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The molecular weight of the crystallised base was taken by 
Raoult’s method, using glacial acetic acid as the solvent. A mean of 
two determinations gave the molecular weight 203, or, allowing for 
the water of crystallisation, 272. Calculated, for the anhydrous 
base, C,4Hi;NO,, 229, or for the crystalline substance, 235. 


a-Acetonyl-a' : 3-dimethyl-1-hydroxyisoquinoline, 


OH CH,°CO-CH; 

The base, when pure, crystallises from alcohol in bright yellow, 
minute, silky needles, melting at 164—165° (uncorr.). It is easily 
soluble in alcohol or acetic acid, but only sparingly in water; these 
solutions are deep yellow. The free base oxidises readily in solution, 
particularly in presence of alkalis and on warming; hence in its pre- 
paration the temperature must be kept low, and the ammonia evapo- 
rated ina vacuum. It dissolves readily in dilute acids, yielding a 
nearly colourless solution, from which the corresponding salts may 
be crystallised. The hydrochloride crystallises from dilute hydro- 
chloric acid in beautiful, pale yellow needles, melting at about 242° 
with decomposition ; it is slightly hydrolysed in dilute aqueous solu- 
tion, the latter becoming yellow. The reaction of the aqueous solu- 
tion is therefore acid. 

0°1177 gave 0°0656 AgCl. Cl = 13°76. 

0101 ,, 5 2c.c. moist nitrogen at 21°and 750mm. N = 57. 

C,,H;,.NO,Cl requires Cl = 13°34; N = 53 per cent. 

With platinic chloride, a brownish-yellow platinochloride is pre- 
cipitated as an amorphous (?) powder. On heating, a strong smell 
of quinoline was evolved, and oily drops formed on the lid of the 
crucible. 


0°2198 of the dry salt gave 0'0495 Pt. Pt = 22°52. 
(C,,HisNO,)2,H,PtC!}, requires Pt = 22°55 per cent. 


The base is not acted on by phosphorus trichloride, and with the 
pentachloride it merely chars. It decomposes on heating with acetic 
anhydride, but no acetate could be isolated. It does not appear to 
form an oxime when treated with hydroxylamine, although it seems 
to give a crystalline, but very unstable, compound with sodium 
hydrogen sulphite. On distilling over zinc dust, neither pyridine nor 
quinoline derivatives could be detected. 
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On oxidation with potassium permanganate, an acid was obtained 
in very small quantity as an amorphous powder, sparingly soluble in 
water; this acid formed an insoluble lead salt, but could not be 
purified. By heating with solid soda or with zinc qust, a substance, 
resembling lutidine, was given off, and condensed as oily drops, which 
fumed when brought near strong hydrochloric acid, and gave a crys- 
talline platinochloride on treatment with platinic chloride. 

On warming with strong sulphuric acid, the acetyl-derivative 
described in the last section, part of the side chain appeared to be 
removed, leaving a methyl group; 10 grams of the base were treated 
with 30 grams of strong sulphuric acid, which dissolved it, forming 
an intensely yellow solution; on warming to 60—80°, acetic acid was 
given off, and the solution became darker, but had far Jess colouring 
power. The whole was then poured into about 300c.c. of water, and, 
on standing, a nearly white, amorphous substance separated, which 
was filtered off; the filtrate contained acetic acid, but no trace of an 
ammonium salt. When the precipitate, which was nearly insoluble 
in water or alcohol, was warmed with barium carbonate made into a 
paste with water, a second base was liberated, and could be extracted 
with alcohol; it did not contain sulphur. After being recrystallised 
five times from alcohol, it began to blacken slightly at 225°, and 
melted at 247—280° (uncorr.). 


0°1225 gave 0°346 CO, and 0:0813 H,O. C = 77:03, H = 7:37. 
0°2673 ,, 0°7558 CO, and 0174 H,O. C = 77°12, H = 7:23. 
0°28388 ,, 188 c.c. moist nitrogen at 18°5°and 755mm. N = 7°74. 
02503 ,, 16:4c.c. Nat 19° and 7655 mm. N = 7°57. 

C..H,,NO requires C = 77:00; H = 6:95, N = 7°49 per cent. 


H H 
Cc C 


== 1) ae 4V/~\s 
aa’ : 3-Trimethyl-1-hydrowyisoquinoline, CH;C C O-CH, 
(1': 3’: 3-Trimethyl-1-bydroxyisoquinoline)} HOC © N ‘ 


OH CH; 


aa’ : 3-Trimethyl-1-hydroxyisoquinoline crystallises from alcohol in 
minute, lemon-yellow needles, but much less readily than the first 
base; and the colour, whether in the solid state or in solution, is far 
less intense than that of the latter. It dissolves to some extent in 
water, yielding a yellow solution with neutral reaction. The sults 
are amorphous or very difficult to crystallise, and are colourless, or 
nearly so; they are slightly hydrolysed by water, and have, conse- 
quently, an acid reaction. The hydrochloride, when pure, is colour- 
less. It crystallises with difficulty from dilute alcohol, and contains 


Ws 2s em Oo ® 


See YET er FF FF 
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water of crystallisation ; it does not appear to form a platinochloride. 
Owing to lack of material, an estimation of chlorine alone could be 
made. 

The base is not acted on by phosphorus trichloride, and chars on 
heating with the pentachloride. On heating with excess of acetic 
anhydride at 150—160° in a sealed tube it appeared merely to dis- 
solve, for the unchanged base was recovered on evaporating the 
anhydride. A very small amount of a white substance was, however, 
formed, which may have been an acetate, but was insoluble in all the 
usual solvents. It did uot appear to be crystalline, and on heating 
it charred without melting. 

The base does not give off pyridine or quinoline derivatives when 
distilled over heated zinc dust, or when heated with solid soda. 

During one preparation of this substance, a bright yellow powder 
was left on dissolving the crude product in alcohol, and, as it con- 
tained sulphur and nitrogen, was probably a sulphonic acid; the 
amount, however, was too small for analysis, This substance charred. 
at 270—280° without melting. It was nearly insoluble in water or 
alcohol, but dissolved in alkalis, forming a colourless solution which 
became brilliantly yellow on exactly neutralising with acids, although 
the colour of this yellow powder was again discharged by a slight 
excess of the latter. 

On oxidising the trimethylhydroxyisoquinoline with potassium per- 
manganate, an acid was obtained which, on distilling with solid soda, 
gave off a substance resembling lutidine, but in quantities too small 
for, investigation. This acid was soluble with difficulty in water, but 
could not be crystallised from that solvent, and it was insoluble in 
all the other usual solvents. The ammonium salt, however, was very 
soluble in water, and crystallised on evaporation in a vacuum over 
sulphuric acid; but, unfortunately, it contained water of crystallisa- 
tion which could not be driven off without loss of ammonia, and it, 
therefore, could not be analysed. 

An attempt was made to purify the acid as follows. It was pre- 
cipitated as the lead salt, and the precipitate was warmed with acetic 
acid, which left any oxalate undissolved; the filtrate was then boiled 
several times with sugar charcoal (animal charcoal was found to 
remove the acid itself), and the acid again precipitated as lead salt, 
which was decomposed with sulphuretted hydrogen. On evaporating 
the filtrate from the lead sulphide, the acid was left as a white powder 
which decomposed at about 250° without melting. An analysis was. 
made, but was not satisfactory. 
0°091 gave 0°180 CO, and 00451 gram H,0. C = 53:96, H = 5°51. 
013 ,, 84 c.c. moist nitrogen at 20° and 754mm. N = 7°32. 

C,H,NQ, requires C = 55°39; H = 462; N = 718 per cent. 
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The acid is believed to be 2a'-dimethylpyridine-8y-dicarboxylic 
C-COOH 


4™ 
; COOH-C CH 
acid, CHYC OCH, 
IW 
N 
The inability to obtain it pure and in quantity is the more to be 


regretted, as it is the only one of the possible lutidinedicarboxylic 
acids hitherto unprepared. 


(2:6-dimethylpyridine-4: 5-dicarboxylic acid), 


XXXI.—-Isomeric 7-Bromo-a-nitrocamphors. 
By Arruur Lapworrs, D.Sc., and Freperic Sranctey Kippine, 
Ph.D., D.Se. 


Tue 2z-dibromocamphor obtained by heating 2-bromocamphorsulph- 


onic bromide (Kipping and Pope, Trans., 1895, 6'7, 371), is oxidised 


by boiling nitric acid, giving 7-bromocamphoric acid, but at the same 
time a large proportion of the compound is converted into a dibromo- 
nitrocamphor which resists oxidation. 


C.HBr< goon 
C,H,,Br a-Bromocamphoric acid. 


an-Dibromocamphor. Pita C,H,;Br <f acs 
C 


an-Dibromo-a-nitrocamphor, 


The study of z-bromocamphoric acid and of the numerous com- 
pounds derived from it (Kipping, Proc., 1895, 33, 88, 210) is not yet 
finished, but the investigation of the nitro-compound has been 
brought to a conclusion, and the results are recorded in this paper. 

am-Dibromo-z-nitrocamphor is a colourless, crystalline substance, 
insoluble in alkalis; the last fact points to the contlusion that the 
nitro-group and the bromine atom are both united with one and the 
same carbon atom as shown in the above formula; consequently the 
formation of this nitro-compound is analogous to that of a«-nitro- 
bromocamphor from ordinary z-bromocamphor. 

When a7z-dibromo-z-nitrocamphor is heated with alcoholic potash 
it undergoes reduction, and the potassium derivative of 7-bromo-a- 
nitrocamphor is formed. The 7z-bromo-a-nitrocamphor, prepared 
from this product, is insoluble in water, but it dissolves readily in 
alkalis, and has altogether a pronounced acid character, yielding a 


series of well-defined, metallic derivatives; for these reasons, and 
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also because it gives 7-bromocamphoric acid on oxidation, it must be 
regarded as having the constitution represented by the formula 


CH Br< ios On 


7z-Bromo-a-nitrocamphor is a very interesting substance from a 
crystallographic point of view, inasmuch as it is trimorphous, and the 
three different forms are all obtainable by crystallisation from solvents 
at ordinary temperatures, two of them in a condition suitable for 
goniometrical measurement. It is also interesting chemically because 
of the readiness with which it is converted into a well-defined, crys- 
talline isomeride when its solution in concentrated hydrochloric acid 
is boiled during a short time. 

This isomeride, like the original bromonitrocamphor, has a distinctly 
acid character, and forms a series of metallic derivatives; like 
the original bromonitrocamphor, moreover, it is converted into 
7-bromocamphoric acid on oxidation. There is, on the other hand, 
such a considerable difference between these two compounds in other 
respects, that they must be regarded as chemically, and not merely 
physically, distinct ; on reduction, for example, they yield isomeric, 
but not identical, bromamidocamphors. 

On first attempting to account for the existence of the two bromo- 
nitro-compounds in question, on the basis of the facts mentioned 
above, it seemed probable that their isomerism might be due toa 
difference in configuration ; that is to say, that they might be regarded 
as comparable to the ordinary cis- and trans- modifications of certain 
cycloid compounds. 

Whatever constitutional formula be finally adopted for camphor, it 
is highly improbable that the two hydrogen atoms of the -CH,CO 
group are similarly situated with respect to the rest of the atoms in 
the molecule ; consequently, when camphor is converted into 2-bromo- 
camphor by direct treatment with bromine alone, the halogen atom 
takes the place of a hydrogen atom in one position only, and the 
product contains a group of atoms which may be represented by one 
only of the following configurations. 


| 
A—C—B A—O—B 


i i 
I. H—C—Br. ll. Br—C—H. 
go co 


If, now, this bromocamphor is converted into a nitro-derivative by 
the displacement of the remaining hydrogen atom of the original 
-CH,°CO group, the position taken up by the nitro-group is deter- 
mined by the previous introduction of the bromine atom. 

Suppose, therefore, that I indicates the configuration of this 
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particular complex in a-bromocamphor, then a7-dibromo-a-nitro- 
camphor and the z-bromo-z-nitrocamphor formed from the latter, on 
treatment with alcoholic potash, may be represented by III and IV 
respectively. 


ir Rett. +i Re gnioaen mov io inal draatigss 
NO,—O—Br NO,—C—H H—C—NO, 

But the nitro-group in 7-bromo-g-nitrocamphor IV thus indirectly 
prepared may not be in the most favourable or stable position—this 
having been previously occupied by the a-bromine atom—and, on 
boiling with hydrochloric acid, isomeric change may occur (as it is 
known to do in so many cases under these conditions), the relatively 
more stable z-bromo-z-nitrocamphor of configuration V being formed. 

This assumption, namely, that the a-substitution products of 
camphor may exist in stereochemically different forms is by no means 
novel, and has been made use of by Marsh (Trans., 1890, 57, 828) in 
order to account for the existence of iso-monobromocamphor ; its 
general applicability in the case of the a-mono- and some of the 
aa-di-substitution products is also obvious, 

Notwithstanding the fact that in the present instance there are 
particularly strong grounds for adopting this view of the relation 
between the two compounds in question, the literature of camphor 
contains cases of isomerism, apparently of a similar kind, but which 
have been explained in quite a different manner. During recent 
years, Cazeneuve has described three isomeric «-nitro-derivatives of 
camphor ; two of these were obtained by reducing a mixture of two 
isomeric chloronitrocamphors with the aid of the zinc-copper couple 
(Bull. Soc. Chim., 1887, 4'7, 920); one of them, a-nitrocamphor or 
*‘g-nitrocamphoric acid,” melted at 100—101°; the other, z8-nitro- 
camphor, or “ #-nitrocamphoric acid,” was described as a camphor- 
like substance melting at 97—98°. The two compounds differed in 
specific rotatory power, and that of lower melting point was con- 
sidered to be identical with, but a purer preparation of, Schiff’s 
nitrocamphor (m. p. 83°). Cazeneuve did not attempt to account for 
the existence of these isomerides, aud in his paper there are no facts 
which would discredit the assumption that the two substances are 
the cis- and trans-modifications respectively. 

In later communications (Bull. Soc. Chim., 1889, 243, 417, and 
467), a third isomeride is described under the name of “‘ campho- 
nitrophenol.” This a-nitrocamphor, obtained by boiling the iso- 
meride, melting at 100—101°, with concentrated hydrochloric acid, 
crystallised from water with 1H,0, became anhydrous when kept 
over sulphuric acid under reduced pressure, and then melted at 220°. 
Like the two isomerides previously described, this ‘‘ camphonitro- 
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phenol” had a marked acid character, and decomposed metallic car- 
bonates, yielding crystalline salts. 

As a full discussion of this work would occupy too much space, 
it may be briefly stated that Cazeneuve assigned to “ camphonitro- 


phenol ” the constitutional formula OH toe and accounted for 


its formation from @-nitrocamphor by supposing that the latter first 
combined with the elements of hydrogen chloride, yielding the inter- 
mediate product, or es mahal 
ments, but not the identical hydrogen atom which had just been 
added. In support of the formula given above, Cazeneuve showed 
that ‘‘ camphonitrophenol ” yielded an acetyl derivative on treatment 
with acetyl chloride, and he also prepared a number of other deriva- 
tives of a similar kind, 

Now, the formation of an acetyl derivative from “ camphonitro- 
phenol ” and by inference—since it does not appear to be expressly 
stated—the non-formation of such a compound from the isomeric 
a-nitrocamphor, is very important on account of its bearing on the 
relation between the two compounds; it was evidently desirable, 
therefore, to study the behaviour of the two 7-bromo-z-nitrocamphors 
in this respect. Experiments which were made with this object 
brought out the fact, that the compound obtained directly from 
a7-dibromo-az-nitrocamphor was unchanged, even after prolonged 
boiling with acetyl chloride or acetic anhydride, whereas the isomeric 
-compound, produced under conditions similar to those employed 
by Cazeneuve in preparing “‘ camphonitrophenol,” was readily con- 
verted into a crystalline acetyl derivative. The relation between the 
two z-bromo-z-nitrocamphors is, therefore, in all probability, analo- 
gous to that existing between a-nitrocamphor and “ camphonitro- 
phenol.” 

Even granting this to be true, the problem whether these com- 
pounds are structural or stereochemical isomerides can hardly yet be 
regarded as settled. On the one hand, the difference in chemical 
behaviour, which has just been mentioned, is not easily reconciled 
with the assumption that the substances are merely different in con- 
figuration; on the other, the constitutional formula assigned to 
“camphonitrophenol” by Cazeneuve is not, in the authors’ opinion, 
quite free from objection. Other explanations might be suggested, 
the foregoing by no means exhausting the various possibilities, but, 
inasmuch as experimental evidence cannot be brought forward to 
support them, it is premature to adopt any particular view until this 
has been done. 


which then lost these two ele- 


' 
fi 
4 
\j 
' 
‘ 


308 LAPWORTH AND KIPPING: ® 


It is proposed, therefore, to use the name z-bromo-a-isonitrocam- 
phor for the isomeric substance obtained from z-bromo-z-nitrocam- 
phor by the action of hydrochloric acid, and analogous to Cazeneuve’s 
camphonitrophenol, in order to avoid the implication that it is analo- 
gous in constitution to the true nitropbenols. 


EXPERIMENTAL, 

am-Dibromo-a-nitrocamphor, CBr fer NO 

Action of Nitric acid on x-Dibromocamphor.—Forty grams of 7-di- 
bromocamphor are placed in a flask fitted with a reflux condenser, 
covered with a mixture of 300 grams of nitric acid (sp. gr. = 1°42) 
and 90 c.c. of water, and heated on the sand bath, a small 
quantity of acetic acid being added, in order to bring all the solid 
into solution by the time the liquid boils. Oxidation proceeds 
rapidly, nitrous fumes and bromine being copiously evolved, and after 
the action has gone on for about three hours, the solution is allowed 
to cool, when the liquid becomes cloudy, owing to the deposition 
of oily substances, but a short time afterwards, it again becomes 
clear; at this point the acid liquors, which contain z-bromocam- 
phoric acid, are poured from the oil, and the latter is once more 
heated with a small quantity of nitric acid of the strength originally 
used, in order to ensure the conversion of any, as yet, unaltered 7-di- 
bromocamphor. The oil is now washed with successive small quan- 
tities of water, then with a dilute solution of sodium carbonate, and 
finally with water. After this treatment, it gradually assumes a 
semi-solid character, due to partial crystallisation, and, at the end of 
several days’ time, it is spread on porous porcelain, which absorbs 
some oily matter, and leaves a nearly white, crystalline powder. 
When quite dry, the powder is transferred to a flask, and shaken 
with cold, light petroleum (b. p. 25—50°), in which the greater part 
dissolves, only the z-dibromocamphor which has escaped nitration 
being insoluble; the latter is then separated by filtration, and the 
solution allowed to evaporate in a cool spot as slowly as possible ; if 
the temperature be sufficiently low, the substance separates in the 
form of long, flat, colourless crystals, but in the majority of cases, it 
is deposited as a clear, colourless oil, which is, nevertheless, pure 
enough for further treatment. 

A sample of the crystalline product, which had been further puri- 
fied by recrystallisation, was dried over snlphuric acid and analysed ; 
it proved to be a dibromonitrocamphor. 

0°1863 gave 0°2292 CO; and 0°0696 H,O. C = 3400; H = 422. 

01605 ,, 01718 AgBr. Br = 45°18. 

CyH,Br.NO; requires C = 33°30; H = 3°66; Br = 45:07 per cent. 
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am-Dibromo-a-nitrocamphor crystallises from cold petroleum in flat- 
tened, colourless, transparent needles, which melt at 54°. It may 
also be recrystallised from hot methylic alcohol by cooling, if the 
operation be quickly carried out, but a considerable quantity of the 
substance is lost by decomposition during the evaporation of the 
mother liquors; it is excessively soluble in acetone, benzene, and 
chlorofcrm, and cannot be recrystallised from those solvents; in 
petroleum, it is also readily soluble, but less so than in the solvents 
just referred to. 

Dibromonitrocamphor is exceedingly prone to decomposition, and 
is slowly decomposed when dissolved in ethylic or methylic alcohol 
or in acetone, a yellow oil gradually making its appearance, and 
irritating vapours being evolved. When heated, it slowly assumes a 
reddish-brown hue, and at 195° effervesces, evolving coloured gases, 
which apparently consist of a mixture of bromine and oxides of 
nitrogen. The residue is a yellowish oil, from which no crystalline 
substances have been obtained. 

The crystals deposited from a light petroleum solution are long, 
flat. needles, whose faces are perfectly flat, and give good images; the 
ends of the crystals, however, are invariably devoid of faces, being 
serrated, and frequently hollowed out in a curious manner. They 
appear to belong to the anorthic system, the extinctions in polarised 
light making about 12° with the edge. A few fragments of the 
crystals may be obtained, which show in convergent polarised light 
an optic axial picture. The axial angle is large, the double refrac- 
tion being positive in sign and weak ; the dispersion is strong. 

am-Dibromo-a-nitrocamphor is isomeric with the nitro-f-dibromo- 
compound described by Kachler and Spitzer (Monatsh., 1882, 3, 218). 


1-Bromo-a-nitrocamphor, C\H,BrNO,. 


va-Dibromo-a-nitrocamphor is not sensibly affected in neutral 
alcoholic solution by the zinc-copper couple, or by aluminium amal- 
gam, differimg in this respect from e2z-bromonitrocamphor, which, 
under these conditions, is reduced to a-nitrocamphor with ease. It 
is attacked, however, by aqueous or alcoholic alkali, the use of the 
former resulting in the production of a jelly-like mass of salts which 
coats the dibromonitrocamphor, and thus prevents further action ; 
alcoholic potash, on the other hand, is not subject to this disadvan- 
tage, consequently the following method was finally adopted for the 
’ reduction of the compound to z-bromo-z-nitrocamphor. 

The crude dibromonitrocamphor is dissolved in about five times its 
weight of methylated spirit, warmed on the water bath, and an 
aqueous solution of the calculated quantity of potash (two molecular 
proportions) is then added, whereupon the liquid at once assumes a 
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brown tint, which gradually deepens. After the lapse of an hour or 
so, the whole is poured into water, and the mixture of unaltered 
dibromonitrocamphor and dibromocamphor, which appears as an oil, 
is separated from the solution, and treated afresh. The clear solu- 
tion is filtered and mixed with an excess of sulphuric acid, when the 
bromonitrocamphor is precipitated as an oil, which changes almost at 
once to a crystalline powder, if the treatment with potash has not 
been carried too far; the solid is then filtered from the aqueous solu- 
tion, which contains some quantity of organic compounds of an acidic 
character, and purified by crystallisation from hot ethylic acetate, 
the crystals being subsequently washed with ether, in which the 
accompanying resinous matter is readily soluble. 

A sample purified in this way, and dried at 100°, was analysed. 

0°1632 gave 0°2586 CO, and 0:0748 H,O. C = 43:21; H = 5°09. 

0:2066 ,, 0°1434 AgBr. Br = 29'5. 

C,.H,,BrNO; requires C = 43°47; H = 5°07; Br = 28°9 per cent. 


The crystallographic properties of z-bromo-a-nitrocamphor are of 
considerable interest. It is trimorphous, and crystals of three dis- 
tinct modifications have been obtained, of which two were of sufficient 
magnitude for goniometrical measurement. 

When the substance is crystallised from alcohol, dilute acetic acid, 
or acetone, it appears as long needles, belonging to the orthorhombic 
system. The same modification is obtained from a mixture of ethylic 
acetate and light petroleum as elongated, six-sided, opaque plates. 
It melts pretty sharply at 126°, and, after solidification, the melting 
point is unaltered. It may be obtained on a microscope slide by 
melting any of the modifications beneath a cover glass, and allowing 
the slide to cool. On examination in convergent polarised light, an 
optic axial bisectrix, probably the acute, is found to be perpendicular 
to the slide. The optic axial angle is moderately wide, the double 
refraction very weak, and positive in sign; the dispersion is strong. 


A second modification may be obtained in the following manner. 
The substance is dissolved in the smallest possible quantity of cold 
chloroform, and an equal bulk of ethylic acetate is added to the 
solution; the mixture, on being allowed to evaporate spontaneously, 
deposits transparent, pyramidal crystals of considerable size, fre- 
quently measuring 5 mm. in diameter. A fragment of one of these 
erystals when placed in a capillary tube melts quite sharply at 108°; 
if, however, the crystals be first crushed, the melting point may lie 
anywhere between this temperature and 120°. In any case, the mass 
after solidification melts once more at 126°, the melting point of the 
first modification. The crystals belong to the tetragonal system, and 
have been goniometrically measured. 
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Crystalline form: Tetragonal.: 
a:c = 1:1:1002. 
Forms observed: c{001}, of101}, m{304}, n{301}. 


The following angular measurements were obtained. 


No. of 
Angles. observations. Limits. Mean. Calculated. 

: 001 24 47° 17’—48° 7 47° 44’ _ 

: lo 12 84 21 —85 84 33 84° 32’ 
: 304 8 39 28 —39 39 31 39 32 
: 301 6 72 53—73 : 73 73 9 
: 101 7 27—8 8 8 12 
: 301 33 5—34 33 33 43 
: 301 25 5—26 25 25 25 
: 801 33 10—33 : 33 33 36 
: O11 62 29—63 63 63 6 
: O34 58 16 —59 58 68 45 
: 031 78 36—79 78 56 78 45 


Although the observed and calculated values are in many cases in 
fair agreement, this circumstance can only be regarded as fortuitous, 
as the limits are wide, owing to the poorness of the images, and the 
number of measurements is small, so that the probable error is con- 
siderable. 

As these crystals are combinations of simple tetragonal forms, a 
second series of indices may be chosen, namely c{001}, o{111}, 
m{334}, and n{331}. In this case, the axial ratio will become. 
a:c=1: 7780. 

The form c{001} is present on nearly all the crystals, and is usually 
small and bright; the forms o{101} and m{304} occur in the majo- 
rity of cases, but either may be entirely or partly missing; the form 
n{301} is found on few cf the crystals, and is usually small and dull. 
Although some of the faces making up the forms o{101}, m{304}, 
and n{301} are frequently absent, yet no regularity has been observed, 
such as would be expected were their absence due to hemihedrism. 

There appears to be a cleavage parallel to c{ 100}, as through most 
crushed fragments a uniaxial interference figure may be seen in the 
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centre of the field when examined i in convergent polarised light; the 
double refraction is negative in sign, and strong. — 


A third modification is deposited from a solution of z-bromo-a- 
nitrocamphor in chloroform, on spontaneous evaporation. The crys- 
tals are of smaller size than those of the last form, but allow of more 
exact measurement, as the faces are comparatively bright. Like the 
first-mentioned form, it belongs to the orthorhombic system. A 
small crystal, when placed in a capillary tube, melts quite sharply at 
142°; if crushed, however, the melting point is usually about 6° 
lower, but is not a constant factor. When re-heated, the melting 
point is that of the first modification, namely, 126°. 


Crystalline System: Orthorhombic. 
a:b:c=12159:1: ? 
Forms observed: a{100}, d{110}, c{001}. 
Fig. 2. 
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The following angular measurements were obtained. 

No. of 
Angle. observations. Limits. Mean. Calculated. 

ad = 100: 110 32 50° 0’—51° 15’ 50° 34’ _ 
dd = 110: 110 28 78 16—79 36 78 52 78° 52’ 
ad = 100: 110 32 49 57-51 6 50 32 50 34 
ac = 100: 001 12 89 38—90 29 89 58 90 0 
de = 110: O01 10 89 40—90 32 89 59 90 0O 
de = 110: 0OI 10 89 28—90 20 90 1 90 0 


The crystals are colourless, transparent plates, of about 3 mm. in 
length. The form a{100}, which is frequently absent, and d{110} 
are usually small and bright; c{001}, naturally the largest, is nearly 
always pitted, giving multiple images. 

The optic axes emerge through d{110}, nearly perpendicularly, 
c{001} being therefore parallel to the optic axial plane, the axis b 
being the acute bisectrix, and the ene of the axial angle 
about 79°. 

The double refraction is positive in sign and weak, and the dis- 
persion is weak. The cleavage is parallel to a{100}. 

A solution containing 1°7308 gram of 2-bromo-a-nitrocamphor in 
25 c.c. of chloroform, examined in a 2-decimetre tube at 18°, gave, as 
a mean of 24 concordant measurements, ap = 4° 57’, whence the 


specific rotatory power [a]p = 33°0°, 
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7-Bromo-z-nitrocamphor behaves as a strong acid. Being only 
slightly soluble in water, it reddens litmus very slowly, but it decom- 
poses hot solutions of alkali carbonates, with the formation of salts 
and the evolution of carbonic anhydride. Its salts are very character- 
istic. 

The potassium salt is prepared by dissolving the substance in a hot 
concentrated solution of potassium carbonate, from which it crystal- 
lises in colourless needles, on cooling. It is readily soluble in water, 
acetone, and hot alcohol, separating from the latter, on cooling, in 
crystals resembling those deposited from the aqueous solution, The 
latter were dried in the air, and analysed. 

0°1734 lost 0°0178 H,O at 150°, and gave 0°0423 K,SO,. H,O = 

10°26; K = 10°91. 

C,.H,;;NO;BrK,2H,0 requires H,O = 10°28; K = 11°14 per cent. 

The salts of ammonium and sodiwm resemble that of potassium. 

The barium salt is obtained on adding a solution of barium hydrox- 
ide to a dilute alcoholic solution of the nitro-compound, or by the 
addition of barium chloride to the aqueous solution of the potassium 
salt. It forms long, glistening needles, and is practically insoluble 
in water. 

A specimen was analysed. 


01761 lost 0°0159 H,O at 150°, and gave 0°0594 BaSO, H,O = 
9:03; Ba = 17°83. 
(C,oH,;NO;Br),Ba,4H,0 requires H,O = 9°51; Ba = 18°05 per cent. 

From aqueous solutions of the potassium salt, the following metallic 
salts may be obtained by double decomposition, 

The calcium salt, precipitated by means of calcium chloride, is a 
white, micro-crystalline precipitate resembling the barium salt. The 
copper salt, obtained as a voluminous, flesh-coloured precipitate, 
gradually changes, when kept, to a mass of long, flexible, pink, 
needles. It is insoluble in cold water and alcohol, but dissolves very 
readily in acetone; its solution in the latter, on spontaneous evapora- 
tion, deposits the salt in the form of transparent, orange plates of 
considerable size. The manganese and zinc salts are obtained as 
colourless, bulky precipitates, which, under the microscope, are seen 
to consist of tufts of minute needles. The nickel salt is precipitated 
as a nearly white, amorphous mass; it dissolves sparingly in hot 
water, and is deposited, on cooling, in an amorphous condition, The 
cobalt salt behaves in a striking manner. When solutions of cobalt 
nitrate, and potassium bromonitrocamphor are mixed, they give a 
jiesh coloured precipitate, which, under the microscope, shows no 
trace of crystalline matter. After the lapse of a few minutes, how- 
ever, the colour of the mass gradually changes to a bluish-purple, the 
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change being accompanied by the assumption of a crystalline habit. 
The change from the flesh-coloured, amorphous mass to a magma of 
blue needles may be readily traced under the microscope. The salts 
of bismuth and lead are colourless, amorphous compounds, those of 
aluminiwm, mercury, and magnesium being very soluble in water. 

With solutions of ferric salts, a brilliant, purple coloration is pro- 
duced, but no precipitate; this behaviour recalls that of the hydrate 
of a-nitrocamphor, described by Cazeneuve (loc. cit.). 

In evidence of the strongly acidic nature of z-nitro-a-bromo- 
camphor, it may be mentioned that an alcoholic solution of the sub- 
stance acts on iron with considerable rapidity, the brilliant purple 
colour above referred to being at once produced. A bright steel 
knife, if dipped into the solution, is at once corroded. 

7-Bromo-a-nitrocamphor is not attacked by dilute nitric acid to any 
great extent. If, however, it be covered with fuming nitric acid and 
warmed on the water bath, energetic oxidation is effected, attended 
by copious evolution of red fumes. The clear solution, on cooling, 
deposits a crystalline acid, which is almost insoluble in cold water, 
but dissolves readily in hot. It melts at 214—215°, and is the 
z-bromocamphoric acid (m. p. 217°) already obtained by one of us 
(Proc., 1895, 33), as, on mixing it with that substance, its melting 
point is not depressed. Its identity with the latter compound was 
put beyond doubt by preparing from it, by the action of sodium 
carbonate, the acid of the composition CjH,O,, melting at about 165° 
(Proc., 1895, 88). 

In order to ascertain whether 7-bromo-a-nitrocamphor behaved as 
a saturated compound, a trace of bromine was added to its solution 
in chloroform, but the colour underwent no change even after several 
days; its sodium salt, in aqueous solution, did not destroy the colour 
of dilute permanganate for a considerable period. 

In view of the fact that the isomeric z-bromonitrocamphor was 
readily converted into an acetate by acetyl chloride, the behaviour of 
tle parent substance towards acetylating agents was carefully 
studied; it was found that after many hours boiling, either with 
acetyl chloride or acetic anhydride, practically the whole of the 
7-bromo-a-nitrocamphor could be recovered unchanged, a minute 
quantity only of an oily substance, insoluble in alkalis, being pro- 
duced. 

Redyetion of 7-Bromo-a-nitrocamphor.—Attempts to obtain the cor- 
responding bromamidocamphor from this substance resulted in the 
formation of several compounds, the nature of the product depend- 
ing entirely on the method employed. 

When a warm alcoholic solution of the nitro-derivative is mixed 
with one of stannous chloride in hydrochloric acid, immediate action 
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occurs, as no precipitate is produced on pouring the solution into 
water; the stannous chloride, however, does not undergo oxidation, 
and after precipitating the tin and subsequently evaporating the solu- 
tion, the presence of an amido-compound cannot be detected; the 
sole product under these conditions is the isomeric bromonitro- 
camphor described later. 

Reduction by means of zinc dust and acetic acid gives different 
results. A few grams of the nitro-compound were dissolved in a 
small quantity of acetic acid and mixed with successive portions of 
zinc dust; as the metal gradually became coated with zinc acetate, 
the solution was heated on the water bath to assist dissolution, but 
the reduction was only completed after three days; the solution was 
then diluted, the zine precipitated by hydrogen sulphide, and the 
solution evaporated nearly to dryness. The acetic acid was next 
expelled by repeatedly evaporating with hydrochloric acid, and the 
residual hydrochloride was finally dissolved in a mixture of alcohol 
and ether; in the course of a few hours, the cold solution deposited a 
small quantity of a crystalline substance, which was filtered off, and 
recrystallised from alcohel. This compound is the hydrochloride of an 
amidocamphor and appears to be identical with the substance ob- 
tained by Schiff on reducing ordinary a-nitrocamphor. It is very 
soluble in water, and crystallises from alcohol in nearly colourless 
needles, which blacken above 220°, and melt a little later; when 
heated with alkalis it gives off a base with a strong ammoniacal 
odour; if chloroform is added to the solution containing alkali, the 
presence of an isocyanide may be at once detected by its smell. 
When the hydrochloride is treated in aqueous solution with silver 
nitrate, silver chloride is at once precipitated, and, on the addition 
of ammonia, the solution gradually becomes black, especially if 
warmed ; this is due no doubt to the production of metallic silver. 
The platinochloride crystallises in brownish-yellow needles. 

Analysis of the hydrochloride shows that bromine is not present, 
a determination of the chlorine by the Carius method giving the same 
percentage as that obtained by direct precipitation. 


0°1167 gave (by Carius’ method) 0°0827 gram AgCl. Cl = 17°53. 
01114 ,, (by precipitation) 0°763 gram AgCl. Cl = 17°16. 
CyoH,s0°N H;,HCl requires Cl = 17°44 per cent. 


As in this experiment the reduction had evidently been carried too 
far, further attempts were made to reduce the nitro-group without 
displacing the bromine by hydrogen. The acetic acid was therefore 
taken in large excess and the zinc dust added in very small incre- 
ments, the whole operation being conducted in the cold. After the 
lapse of about nine hours, the liquid was poured into water and the 
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filtered solution treated as before. In one instance only, a small 
quantity (0°6 gram) of the hydrochloride of an amine which con- 
tained bromine was obtained ; but this amine did not correspond with 
the nitro-compound taken, as it was identical with the base obtained 
from the isomeric bromonitrocamphor described later. It is prob- 
able, therefore, that the bromonitrocamphor had undergone change 
into its isomer, with subsequent reduction. 


7-Bromo-a-amidocamphor. 


The production of the looked for amido-compound was effected only 
by the aid of sodium amalgam, the method finally adopted leaving 
little to be desired. A solution of z-bromo-a-nitrocamphor in dilute 
aqueous soda is placed in a stoppered bottle with a small quantity of 
sodium amalgam, and the whole continually shaken. After a few 
minutes, a yellowish oil makes its appearance, and is at once ex- 
tracted with a little ether, which is then separated and replaced by a 
fresh portion, the process being repeated until the ethereal extracts, 
on evaporation, leave no appreciable residue. The oil thus obtained 
consists for the most part of the desired amine, which gradually 
separates in small crystals from the oily liquors; in a week or two, 
the semi-crystalline mass may be spread on porous porcelain, and 
allowed to drain. The residual waxy mass is a mixture of two 
substances, namely, the amine described below, and another base, 
present in much smaller quantity, but which must be separated from 
the former by fractional crystallisation, using ethylic acetate and 
benzene alternately, and may readily be distinguished from the 
first-mentioned base, which crystallises in plates, by its needle-like 
habit. 

a-Bromo-a-amidocamphor crystallises from ethylic acetate in large, 
colourless, transparent, monoclinic plates, melting at 159°; on account 
of its solubility in this solvent, the faces are generally rounded and 
give no definite images; there is no definite cleavage. When the 
substance is melted on a glass slide beneath a cover-glass, it solidi- 
fies rapidly from numerous centres, on cooling, forming an area made 
up of ill-defined patches. Through many places, the acute optical 
bisectrix emerges normally to the slide. The axial angle is mode- 
rately large, the double refraction being positive in sign and weak ; 
the dispersion is very weak. 

It dissolves readily in alcohol, and is reprecipitated from the 
solution in glistening six-sided plates; it is also very soluble in 
benzene, ether, and chloroform, but less easily in petroleum. It is 
very slightly volatile in steam, to which it does not impart any 
characteristic odour, as do the isomeric 7-bromo-amidocamphor and 
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amidocamphor. It does not volatilise to any great extent when 
heated, but gradually darkens and decomposes, finally forming a 
charcoal-like mass. It evolves only.a faint odour of —— 
when treated with chloroform and caustic potash. 

The hydrochloride, which may be readily obtained in a pure state from 
the crude oil, is very soluble in alcohol, and may be reprecipitated 
from its solution by the addition of ether; when prepared in this 
manner, it forms glistening needles, which darken slowly on heating, 
and melt and decompose at about 220°. It dissolves slowly in water, 
and the solution, when boiled, gradually decomposes, the free base 
being deposited. The crystals of the salt from alcohol were washed 
with ether, heated at 100°, and analysed. 


0°2515 gave 0°3921 CO, and 0°1365 H,0. C = 42°55; H = 6°04. 
00952 substance (by Carius’ method) gave 0°1095 AgCl + AgBr. 
Br + Cl = 40°08. 
0°2272 substance (on boiling with silver nitrate and nitric acid) 
gave 0'1167 AgCl. Cl = 12°70. 
C,.H,,BrO-NH,,HCl requires C = 42°47; H = 602; Br+ Cl = 
40°58 ; and Cl = 12°56 per cent. 

The oxalate, made by mixing alcoholic solutions of oxalic acid and 
the base, crystallises in minute, well-defined, four-sided plates, which 
melt at 200—201°, and are very slightly soluble in alcohol and water. 
The platinochloride may be prepared by precipitating a strong solu- 
tion of the base in strong hydrochloric acid, with platinum tetra- 
chloride. It is deposited as a jelly on standing, which should be 
separated, dried, dissolved in alcohol, and reprecipitated by the addi- 
tion of ether and light petroleum; the salt is thus obtained as 
attenuated, glistening needles, which are excessively soluble in 
alcohol and water, but insoluble in ether; when heated, they blacken 
at 210°, melting and decomposing at 220°. 

The acetyl derivative is readily formed on treating the base with 
acetyl chloride; it separates from dilute alcohol in thin leaflets, 
melting at 167—168°: it is readily soluble in alcohol, and dissolves 
to some extent in hot water. 


1-Bromo-a-isonitrocamphor. 


This substance, as has already been mentioned, was obtained in small 
quantities by the action of a solution of stannous chloride in hydro- 
chloric acid on the alcoholic solution of the original nitro-compound. 
The analyses at first made with the hydrated substance (which had been 
crystallised from water) gave results which for some time misled us 
with regard to the true nature of the substance, which we supposed 
to be a reduction product. The discovery that the tin used in its pro- 
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duction had not undergone oxidation, led us to try the action of 
concentrated hydrochloric acid alone on z-bromo-a-nitrocamphor. 
The following is the most convenient method for preparing the com- 
pound. 

The nitro-compound is placed in a flask with five times its weight 
of strong hydrochloric acid, and the mixture warmed on the water- 
bath, when the substance gradually liquefies, and nearly all dissolves, 
forming a dark-coloured solution, which finally becomes nearly 
colourless. The liquid is then decanted from a small quantity of 
tarry matter, and allowed to cool, the side of the vessel being scratched 
to promote crystallisation ; a nearly colourless crystalline compound 
is then deposited, and a further quantity may be obtained on evapo- 
rating the mother liquors. The crude product may be purified by 
recrystallisation from hot water, benzene or chloroform. 

Analyses of samples obtained from aqueous solution, and dried 
in the air, gave results agreeing with those required for a mon- 
hydrated bromonitrocamphor. 


0°1632 gave 0°2458 CO, and 0°0812 H,O. C = 41°07; H = 5°53. 
01620 ,, 0°2436 ~ CORR C = 41:01; H = 5°47, 
01087 ,, 00699 AgBr. Br = 27:32. 

CyH,.-BrNO, requires C = 40°82; H = 5°45; Br = 27:21 per cent. 


Crystals of the substance which had been obtained from chloro 
form proved, on analysis, to be anhydrous. 


Found C = 43°57; H = 5°32. 
C,HyBrNO, requires 43°47; H = 5°07 per cent. 


7-Bromo-a-isonitrocamphor differs from its isomer in many respects, 
as, for example, in being comparatively readily soluble in water, 
The aqueous solution has a strongly acid reaction towards litmus, 
but when cold does not decompose carbonates as readily as dilute 
mineral or carboxylic acids do. It crystallises from hot water in 
transparent, colourless leaflets, which contain water of crystallisation, 
and melt at some point between 109° and 112°, according to the speed 
with which the temperature is raised; after solidification they melt 
at 134—136°. The aqueous solution gradually assumes a pink colour 
when exposed to the air. 

The anhydrous substance is readily soluble in chloroform and 
benzene, from which it is deposited in small, colourless needles, melt- 
ing sharply at 137—138°; in alcohol and acetone, it is more readily 
soluble, but it is nearly insoluble in petroleum. It is scarcely soluble 
in cold ethylic acetate, but dissolves readily when hot, the solution, 
on cooling, depositing the compound in transparent plates of con- 
siderable size; these crystals melt at 122°, effervescence being at 
once apparent, but after the substance has solidified the melting 
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point is 134—136°, This change in melting point is not due to 
dimorphism, but toincluded ethylic acetate, which is not set free until 
the crystals are fused. 

The small crystals from chloroform, &c., melting at 137—138°, are 
flattened orthorhombic plates, having the optic axial plane parallel to 
the large face; they are obliquely truncated at their ends by other 
faces, and the crystals thus appear six-sided. The large crystals 
from ethylic acetate are also flat, orthorhombic plates or prisms, 
having the optic axial plane parallel to the largest face, but instead of 
being obliquely truncated, the terminal edges are set at right angles 
to the others, so that the crystals form four-sided rectangular plates. 
The cleavage is perfect, and parallel to the larger pinacoid. The 
optic axial angle is moderately large ; the double refraction is positive 
and strong, the dispersion being weak. 

To determine the specific rotation of the substance, 17694 grams 
were dissolved in 25 c.c. of chloroform, and examined at 18° in a 
2-decimetre tube. The rotation zp was found to be +7° 27' as a mean 
of 24 concordant measurements, giving [a|p = +52°7°. 

This 7-bromo-z-isonitrocamphor, like its isomeride, has a strongly 
marked acidic character, and forms characteristic salts, which are, as a 
rule, more readily soluble than those of the isomeride. 

The potassium salt is obtained by warming a few grams of the 
nitro-compound with enough strong caustic potash solution (sp. gr. 
1:3) to cause complete dissolution; on cooling, the salt separates as 
a mass of colourless needles. It is excessively soluble in water, and 
dissolves readily in hot alcohol, from which it separates in anhydrous, 
white needles. 


0°3083 gave 0°0865 K,SO,. K = 12°58. 
C,H,;BrNO;K requires K = 12°42 per cent. 


The barium salt, made by adding a large excess of baryta-water to 
an aqueous solution of the nitro-compound, is deposited in the form 
of microscopic crystals, tending to aggregate and form clots. It is. 
practically insoluble in water. A specimen was dried in the air and 
analysed. 

0°1624 lost 0°0087 H,O at 120°, and gave 0°0532 BaSOQ,. Ba = 19°25; 

H,0 = 5°35. 
(CyH,;BrNO;),Ba,2H,0 requires Ba = 18°95; H,O = 4°98 p. c. 

The calcium salt resembles the barium salt in appearance and solu- 
bility. Salts of magnesium and zinc give no precipitates when their 
solutions are added to that of the above po assium salt. Neutral lead 
acetate, in like manner, affords no insoluble lead salt, but the 
basic acetate gives a white precipitate, insoluble in boiling water. 
The cobalt salt of the isonitro-compound is obtained in the usual 
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manner as an amorphous pink precipitate, which gradually changes 
to a mass of red needles. The nickel and mercuric salts are white 
and amorphous ; the former dissolves readily in hot water, separating 
again on cooling as a greenish amorphous crast. The copper salt is 
blue, and dissolves readily in water, differing, therefore, from the 
topper salt of the original nitro-compound, which is pink, and is quite 
insoluble in water. The bismuth salt crystallises from hot water, in 
which it is readily soluble, in the form of glistening white needles, 

In solutions of the potassium salt, ferric chloride produces a 
yellowish-brown coloration, so that this reagent serves as a test of 
the purity of the isonitro-compound, a trace of its isomer producing 
at once a distinct purple colour. 

When z-bromo-z-isonitrocamphor is heated with fuming nitric acid, 
it undergoes no great change, the substance merely liquefying, and 
it may be ultimately recovered, even after some hours; if, however, 
the nitric acid is more dilute (sp. gr. = 1°3), it dissolves at once, 
and, after half an hour’s boiling, the solution, as it cools, deposits 
minute, well-defined crystals. These melt at 215°, and are practically 
pure z-bromocamphoric acid. 

In order to determine whether the nitro-derivative was unsaturated, 
its behaviour towards bromine, in weak solution, and dilute potassium 
permanganate was studied. It was found that in chloroform solu- 
tion the colour imparted by a trace of bromine was not destroyed, 
even after two days’ time; moreover, a dilute solution of potassium 
permanganate was only decolorised slowly by a faintly alkaline solu- 
tion of the sodium salt. 

Behaviour of 7-Bromo-a-isonitrocamphor with Acetyl Chloride ——W hen 
this substance is added to acetyl chloride, interaction occurs, and 
bubbles of hydrogen chloride are slowly given off; the action may be 
completed by warming the mixture on\the water-bath during 
30 minutes. On pouring the solution into cold dilute soda, a white, 
crystalline precipitate is obtained, only sparingly soluble in alcohol, 
and even less readily in ethylic acetate, benzene, or ether ; it appears 
to be quite insoluble in hot water. It was crystallised from alcohol, 
dried at 100°, and analysed. The results agreed with those required 
by a monacetyl derivative of a nitrobromocamphor. 


0:2012 gave 0°3360 CO, and 0:0974 H,O0. C = 45°54; H = 5°37. 
Cy,H,BrNO, requires C = 45°28; H = 5°03 per cent. 


Acetyl-7-bromo-a-isonitrocamphor crystallises from alcohol in 
elongated, six-sided, orthorhombic plates, the optic axial plane being 
parallel to the large face. 

Reduction of -Bromo-a-isonitrocamphor.—The experiments made 
‘with the original nitro-compounds having served to show that sodium 
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amalgam was the most suitable reducing agent, attempts were made 
to effect the reduction of its isomer by a similar process. It was 
found, however, that reduction took place to a very slight extent, if 
at all; and other reducing agents which were tried also failed to give 
the desired amido-compound, except in small quantities. In one 
experiment, however, a dilute solution of the substance in acetic acid 
was shaken at intervals during a week, with a large excess of zinc- 
dust ; the solution was then filtered, saturated with hydrogen sulphide, 
separated by filtration from zine sulphide, and evaporated. An oily 
residue was thus obtained, which, on heating with caustic soda, 
evolved an ammoniacal odour. It was therefore evaporated two or 
three times with hydrochloric acid, the oily product dissolved in 
alcohol, and the solution mixed with several times its bulk of ether; 
the substance which was subsequently deposited proved to be the 
hydrochloride of. a base, identical with that obtained by a somewhat 
similar treatment of the original nitro-compound. The following 
observations were made with the specimen first prepared, the quantity 
of that obtained in the second instance serving merely for the purpose 
of identification. 

The base itself was not isolated ; it was found, however, that if the 
erystals of the hydrochloride were covered with strong ammonia, 
they disappeared, and were replaced by a waxy substance, readily 
soluble in water and in ether; this in all probability was the free 
bromisoamidocamphor. 

The hydrochloride is excessively soluble*in water, and rather soluble 
in ethylic alcohol ; from the latter, it separates in the form of long, 
colourless, transparent needles,, which appear to contain water of 
crystallisation, as when exposed to the air they gradually become 
opaque, finally falling to a white powder. Like most amine hydro- 
chlorides, it has a tendency when in solution to undergo slight decom- 
position, gradually becoming dark brown. When heated with chloro- 
form and caustic potash, it evolves a pungent odour, resembling that 
of carbylamines. When boiled in ammoniacal solution with silver 
nitrate, it reduces the latter, metallic silver being deposited. When 
slowly heated, it melts, and decomposes at 238—239°. 

A determination of the halogen (I) by Carius’ method, and (II) an 
estimation of the chlorine by direct precipitation with silver nitrate, 
gave the following results. 


I. 01037 gave 0°1222 AgCl + AgBr. Cl + Br = 41:06, 
II. 0:0495 ,, 0°0262 AgCl. Cl = 13°09. 
CyH,OBr-NH,,HCI requires Cl + Br = 40°88; Cl = 12°57 per cent. 


The platinochloride is obtained as a pale-yellow, granular preci- 
pitate on adding platinum tetrachloride to a solution of the hydro- 
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chloride. It is soluble in water and alcohol, being deposited from 
the latter in the form of transparent, yellow, or brownish-yellow 
octahedra. It melts and decomposes at 220—230°. 


Chemical Department, 
City and Guilds of London Central Technical College. 


XXXII.—WNote on the Formation of Camphorquinone 


from a-Chloronitrocamphor. 
By Arraur Lapwortu, D.Sc. 


Durine the course of the examination of ra-dibromonitrocamphor, 
undertaken by the author in conjunction with Dr. Kipping, it was 
observed that this substance undergoes a sudden and somewhat 
violent decomposition when heated, nitrous fumes, mixed with bro- 
mine, being evolved. The product was obviously a mixture, but its 
study was out of the question, owing to the difficulty of obtaining 
sufficient material for investigation. As any facts relating to the 
properties of camphor derivatives are of interest, it was thought 
worth while to examine the behaviour of the analogous a-bromonitro- 
camphor and a-chloronitrocamphor, which may be readily obtained in 
quantity. On referring to the literature on the subject, it was found 
that Cazeneuve and Morel: (Bull. Soc. Chim., 1885, 44, 165) had 
already stated that these substances are decomposed by heat, nitrous 
fumes and halogen being liberated.. The examination of the pro- 
ducts, however, was not carried out, or failed to yield any results of 
interest. 

a-Bromonitrocamphor, Cij.H,,BrO(NO,), is known to contain the 
group ~CBr(NO,)-CO-; it. is non-acidic, but on reduction yields 
a-nitrocamphor, CyH,O-NO,, which possesses a marked acidic 
character, and, therefore, contains the group -CH(NO,)-, the latter 
substance on oxidation yielding camphoric acid, C,H,,(COOH).. 
a-Bromonitrocamphor is, therefore, in this respect analogous in con- 
stitution to the bromonitroketonaphthalenes obtained by Armstrong 
and Rossiter (Proc., 1887, 144), by acting on 1 : 2-bromonaphthols 
with fuming nitric acid. These compounds, like «-bromonitro- 
camphor, lose bromine on reduction, yielding nitro-derivatives ; when 
they are heated, both bromine and nitric oxide are evolved, the corre- 
sponding 1 : 2-diketocompounds or B-naphthaquinones being produced. 
Thus, 1 : 3’ : 2-dibromonaphthol, on treatment with nitric acid, gave 
a dibromonitroketonaphthalene, which finally afforded 3'-bromo-/- 
naphthaquinone. : 


FROM a-CHLORONITROCAMPHOR. 
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If a-bromonitrocamphor were to decompose in like manner, it 


should yield camphorquinone, OrHn< i. This substance has 


already been prepared, and fully characterised by Claisen (Ber., 1889, 
22, 530), who obtained it from isonitrosocamphor by two methods, 
namely, by the action of nitrous acid, and by heating it first with 
sodium hydrogen sulphite, and subsequently with dilute sulphuric 
acid. 

The decomposition of «-bromonitrocamphor was found to be almost 
explosive in character; the product was oily, and appeared to contain 
very little of the expected substance. The examination of a-chloro- 
nitrocamphor, on the other hand, gave more satisfactory results, and, 
as its decomposition took place less suddenly, it was chosen for 
examination. The product obtained from it was a black, tarry solid 
which, on distillation, yielded an orange-coloured, waxy mass; this, 
on standing, became bespangled with minute, yellow crystals, but it 
was found impossible to separate the quinone by fractional crystallisa- 
tion ; ultimately, however, the fullowing method of separation was 
devised, which yielded a small quantity of the quinone in a pure 
condition. 

a-Chloronitrocamphor was introduced into a capacious retort in 
quantities of not more than 2 grams at a time, heat being applied 
after each addition, and the heating was continued until the vigorous 
disengagement of gases was at an end; the retort was finally heated 
during several hours at 200° in a sulphuric acid bath, and was then 
allowed to cool. The charred mass after being boiled in a small quantity 
of alcohol, was shaken with a hot strong solution of sodium hydro- 
gen sulphite, filtered from tarry matter, and the dark coloured 
liquid extracted with successive small quantities of ether, which 
dissolved a considerable amount of volatile nitrogenous matter 
soluble in water. On acidifying with sulphuric acid the solution of 
the bisulphite compound of the quinone, and distilling with steam, the 
whole of the quinone volatilised within the first few minutes. It 
was then collected and repeatedly crystallised from alcohol. The 
yield was less than 5 per cent. of the original a-chloronitrocamphor. 
. A specimen purified in the manner described was dried over sulphuric 
acid, sublimed, and analysed. 


0°2044 gave 0°5406 CO, and 01588 H,O. C=721; H= 86. 
CHO, requires C = 72°33; H = 8-4 per cent. 
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The substance crystallised from alcohol in bright yellow, glistening 
needles or flattened prisms, and melted at 196—198° (Claisen gives 
198°). It dissolved readily in hot alcohol, in ether, but only sparingly 
in hot water, and the hot aqueous solution had a characteristic odour 
reminiscent of camphor. Although the yellow solutions were not 
decolorised by sulphurous acid, they were when boiled with sodium 
hydrogen sulphite, the yellow tint appearing again on boiling with 
dilute sulphuric acid. As indicated above, the quinone volatilised with 
ease in steam; it sublimed readily below 100°, and even at the ordi- 
nary temperature, the apparently amorphous mass gradually becoming 
covered with glistening, yellow needles. The above properties are 
exactly those of the quinone described by Claisen, and, in order to 
establish their identity, a specimen was made by his method ; the two 
were found to be indistinguishable, and, when mixed, the melting 
point was not depressed. Under convergent, polarised light, the 
flattened needles of the two specimens were seen to have their optic 
axial plane parallel to the large face, and to possess, apparently, equally 
strong double refraction. 

The substance obtained from a-chloronitrocamphor when heated 
with phenylhydrazine in acetic acid solution, yielded a hydrazone which 
crystallised from alcohol and chloroform in yellow needles melting at 
169—171°, the melting point given by Claisen. There can be no 
doubt, therefore, that camphorquinone is produced from «-chloro- 
nitrocamphor by the action of heat, and that the decomposition of the 
latter substance is, in part, similar to that of the orthobromonitro- 
ketonaphthalenes. 


Chemical Department, 
City and Guilds of London Central Technical College. 


XXXIII.—The Action of Lead Thocyanate on the 
Chlorocarbonates. Part I. Carboxyethylthicarbi- 
mide and its Derivatives. 

By Rosert Exxior Doran. 


AFTER numerous attempts by various chemists to obtain thiocarbi- 
mides of the acidic type, their synthesis was first effected by Miquel 
(Ann. Chem. Phys., 1877, [5], 11, 289), whose method consisted 
essentially in heating together, under suitable conditions, lead thio- 
cyanate and the corresponding acid chloride ; in this way he succeeded 
in preparing acetyl, butyryl, benzoyl, and salicyl thiocarbimides, two 
of which, CH,CO-NCS and C,H;CO-NCS, were isolated, and their 
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properties examined. In the paper quoted he repeatedly insists on 
the thiocyanic character of the fatty derivatives; writing, for 
example, of the acetyl compound, he says:—‘‘ This body behaves as 
a true sulphocyanate, and if the nature of its elements did not place 
it in the heart of organic chemistry, it might be classed with silicon 
sulphocyanate, of which it possesses the more general chemical 
characters.”” When mixed with aniline, the two substances united 
directly, affording acetylphenylthiocarbamide, CH;;CO-NH:CS-NHPh, 
and it seems natural to expect that, from such a result, the thio- 
carbimidic function of the substance in question must have been 
recognised ; instead of this, however, the interaction is characterised 
as “abnormal ”’ (loc. cit., 309 and 318). Several acetylated thioureas 
and allied compounds have since been obtained by its agency (see, e.g., 
Dixon, Trans., 1889, 55, 303 and 304; 1891, 59, 562, and 1892, 61, 
530); and there now seems no reason to doubt that, in so far at least, 
as combination with basic substances is concerned, its behaviour is 
that of a thiocarbimide. Miquel’s reaction appears to be generic, the 
existence of analogous dithiocarbimides, similarly derived from the 
chlorides of succinic and phthalic acid respectively, having lately 
been shown (Dixon and Doran, Trans., 1895, 6'7, 565) by the pre- 
paration of a number of characteristic derivatives; the thiocarbi- 
mides themselves, C,H,(CO-NCS), and C,H,(CO-NCS),, which were 
obtained only in solution, being apparently too unstable to admit of 
isolation by the methods commonly employed.* During the course 
of the joint investigation, the possibility occurred to the writer of 
obtaining a more highly oxidised class of thiocarbimides by the 
interaction of lead thiocyanate and the ethereal salts of chloro- 
carbonic acid; an investigation on these lines was accordingly com- 
menced, of which the results detailed below constituted the first 
instalment. 

Ethylic chlorocarbonate was used for a preliminary experiment, 
and when a small quantity, dissolved in benzene, was heated with 
lead thiocyanate there was scarcely any sign of interaction; but, on 
substituting toluene for benzene, in order to obtain a higher 
temperature, interaction took place readily, and, after boiling for 
a few minutes, the solution was found to be free from chlorine, 
was immediately desulphurised in the cold by ammoniacal silver 
nitrate, and almost equally easily by alkaline lead tartrate, thus 
showing the presence of a thiocarbimide. 

A larger experiment was now made, using 10 grams of the chloro- 
carbonate, this was dissolved in anhydrous toluene, and added to 


* Further evidence in this direction has also recently been adduced by the pro- 
duction of similar typical compounds (Dixon, Trans., 1895, 67, 1040) derived 
from valeryl and cinnamoy! thiocarbimides. 
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20 grams of lead thiocyanate, an amount somewhat in excess of that 
required by the equation 


2EtO-COCl + Pb(SCN), = 2EtO-CO-NCS + PbCl., 


and the mixture heated in a reflux apparatus. Interaction com- 
menced before the boiling point was reached, and was complete in 
10 minutes, the liquid becoming yellow, and finally bright orange, 
and the solid buff-coloured. The lead chloride and unchanged thio- 
cyanate were removed by filtration, washing with benzene ; both the 
filtrate and washings thus obtained had lost all smell of the chloro. 
carbonate, and in its place had a peculiar, pungent, fungus-like 
odour, whilst its vapour acted very strongly on the eyes. 

As the amount of the thiocarbimide, EtO-CO-NCS, which could 
be formed in the above experiment was only slightly more than 
17 grams, it was decided to convert the whole of it into derivatives 
and postpone an attempt to isolate it until some of the latter had 
been studied. On’ the assumption, then, that interaction had 
occurred quantitatively, the benzene-toluene solution, obtained as 
described, was diluted with the former solvent to a strength equiva- 
lent to a gram-molecule per litre, and used up in preparing some of 
the following derivatives.* 


ab-Carboxyethylphenylthiocarbamide, C,H,0-CO-NH-CS-NH-C,H;. 


On adding 1°86 grams of aniline, dissolved in benzene, to 2°62 
grams of the thiocarbimide, interaction occurred at once, with evolu- 
tion of heat, and crystals commenced to separate while the liquid was 
still hot. When cold, the contents of the flask became nearly solid 
through the further separation of a mass of fine prisms, which, when 
separated from the mother liquor by filtration, washed with benzene, 
and dried, were nearly colourless. By recrystallisation from alcohol 
the substance was obtained in pure white, apparently monoclinic 
tables, melting without decomposition, at 130°, to a clear liquid, and 
giving the following figures on analysis. 


0°321 gave 0°623 CO, and 0°156 H,O. C = 53°23 p.c. and H = 5 4. 
0°2034 gave 23°0 c.c. moist nitrogen at 20° and 749 mm. N = 12°72. 
0°2497 gave 0°2624 BaSO4. S= 14°44. 


The formula C,H,,N,S,0 requires 


C. H. N. 8. oO. 
Theory...... 93°59 53 12°52 143 142 
Found ...... 53°23 54 12°72 1444 1421 


* During the course of the investigation, several additional quantities of the 
thiocarbimide (in solution) were prepared, and in all cases—save where otherwise 
specified—the solution was used in preparing the various derivatives described. 
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Properties.—Carboxyethylphenylthiocarbamide is only sparingly 
soluble in cold, but dissolves freely although slowly in hot alcohol and 
benzene; it is moderately soluble in cold, and very freely in hot chloro- 
form and carbon bisulphide ; sparingly in cold and moderately in hot 
ether, and is practically insoluble in water. It dissolves in warm dilute 
potash, but, even after boiling with this reagent, hydrochloric acid pre- 
cipitates the thiocarbamide unchanged. Its alcoholic solution is at 
once desulphurised by neutral or ammoniacal silver nitrate, and 
parts with its sulphur slowly on boiling with alkaline lead solution ; 
if, however, its solution in dilute potash be treated with lead nitrate 
and warmed, a fine mirror of the corresponding sulphide is at once 
obtained. 

As the composition of this substance establishes the existence (in 
solution) of carboxyethylthiocarbimide, it was decided to attempt 
the isolation of the latter, particularly as there were reasons for 
inferring that it would prove to be moderately stable; but, to secure 
continuity, an account of the experiments by which this result was 
effected is deferred for the present. 


ab-Carboxyethylbenzylthiocarbamide, C,H;0°CO-NH:CS:NH-CH,-C,H;. 


Interaction, with evolution of heat, occurred at once on mixing 
benzylaniline (in alcoholic solution) with the thiocarbimide in mole- 
cular proportion; no solid separated until the solution was con- 
centrated by evaporation, when a mass of long needles was obtained, 
which, after recrystallisation from alcohol, melted at 106°5°—107°5° 
to a clear liquid. 


0°2014 afforded 0°1942 BaSO, or S = 13°25. 
C,,H,,N.20.8 requires S = 13°46 per cent. 


Properties.—Carboxyethy]benzylthiocarbamide is very freely soluble 
in hot, and moderately freely in cold, alcohol and benzene, very freely 
in ether and chloroform; freely in hot, and nearly insoluble in cold, 
light petroleum; very sparingly soluble in water. Its alcoholic 
solution is slowly desulphurised on heating with alkaline lead solu- 
tion; with neutral silver nitrate, a white precipitate is thrown down, 
passing through yellow, orange, and brown to black on heating; with 
ammoniacal nitrate the same changes occur in the cold. 


ab-Carboxyethylorthotolylihiocarbamide, 
C,H,0:CO-NH-CS:NH:‘C,H,’CH;. 
2°14 grams of orthotoluidine dissolved in benzene were added to 
2°62 grams of the thiocarbimide; interaction, with evolution of heat 
and separation of solid matter while the mixture was still warm, pro- 


ceeded exactly as in the case of the phenyl derivative, and after 
242 
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separation from the mother liquor, washing with benzene, and 
recrystallising from alcohol, 4 grams were obtained of a pure white 
product, in long prisms melting at 152°5°, to a clear liquid, without 
decomposition. 


0°2441 gave 0°2402 BaSOQ,, S = 13°52. 
C,,H,,N,0.8 requires S= 13°46 per cent. 


Properties —Freely soluble in hot, moderately in cold, alcohol and 
benzene ; moderately in hot, and nearly insoluble in cold, ether; very 
freely soluble in chloroform. It is also freely soluble in warm dilute 
potash, this hot solution desulphurising readily on addition of lead 
nitrate. Its alcoholic solution behaves like that of the phenyl 
derivative on treatment with other reagents capable of removing 
sulphur. 


ab-Carboxyethylparatolylthiocarbamide, 
C,H;0-CO-NH:CS:NH-C,H,CH:;. 

This derivative resulted from an experiment condacted as above, 
the same quantities were used, and the course of the interaction was 
identical, save that the end product was distinctly more soluble 
in the warm mother liquor. On recrystallisation from benzene, 
3°07 grams of the pure thiocarbamide were obtained, in white, 
glistening, flattened prisms melting at 148—149°. 


0°2342 gave 0239 BaSO,. S = 13°62. 
CyH,N,0.8 requires S = 13°46 per cent. 


Properties.—In respect to its behaviour to solvents and the usual 
desulphurising agents, carboxyethylparatolylthiocarbamide closely 
resembles the ortho-derivative. 


ab-Carboxyethyl-a-naphthylthiocarbamide, 
C,H;0°-CO-NH-CS-NH-C,oH:. 

2°86 grams of a-naphthylamine, in benzene solution, united at once 
with 2°62 grams of the thiocarbimide; heat was evolved, and a solid 
separated in fine, granular prisms, which, when collected, washed 
with and recrystallised from benzene, melted at 183—183°5, without 
decomposition 5°2 grams, nearly 95 per cent. of the theoretical 
yield, of the pure product were obtained. 


02358 gave 0°20 BaSQ,. S = 11°66. 
C,.H,N,0.8 requires S = 11°69 per cent. 
Properties.—Moderatély soluble in hot, sparingly in cold, benzene; 
sparingly in hot, nearly insoluble in cold, alcohol; very freely 
in hot, and moderately freely in cold, chloroform. Its alcoholic solu- 
tion parts with its'sulphur instantly, and in the cold, to neutral and 
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ammoniacal silver nitrate, and more readily on heating with alkaline 
lead solution than any of the preceding derivatives. 


ab-Carboayethyl-B-naphthylthiocarbamide, 
C,H;0:CO-NH:CS:NH'C,oH;. 


4°76 grams of f-naphthylamine and 436 grams of the thiocarb- 
imide respectively, were used ; combination, with evolution of heat, 
occurred as before. The solid, when collected, washed, and dried, 
weighed 6 grams, and, by recrystallisation from alcohol, was obtained 
in the form of faintly pink plates, with a pearly lustre, melting at 
155—155'5°, without decomposition. 


0°2503 gave 02132 BaSO,. S = 11°71. 
Theory requires S= 11°69 per cent. 


Properties.—Detailed reference to these is scarcely necessary, they 
so closely resemble those of the corresponding @-derivative ; a slightly 
greater degree of solubility in the usual solvents was the only differ- 
ence noted. 


ab-Carboxyethylmetaxylylthiocarbamide, 
C,H;0°CO-NH:CS:NH-C,H;(CHs)>. 


The above compound was formed with only slight (slow) evolution 
of heat on mixing the amine, in alcoholic solution, and thiocarbimide 
in molecular proportion, The contents of the flask became nearly 
solid, and, on collection and recrystallisation from alcohol, the pro- 
duct was obtained in masses of small, pearly lozenges melting at 
152°5—153°. 

0°2175 gave 0°2016 BaSO,. S = 12°74. 

C,,zHisN20.8 requires S = 12°71 per cent. 


Properties.—Freely soluble in hot, sparingly in cold, benzene, 
moderately freely in hot, nearly insoluble in cold, alcohol, ether, and 
light petroleum. It parts with its sulphur to the same reagents, and 
with the same readiness as the naphthyl derivatives. 


ab-Carbowyethylparahydroxyphenylthiocarbamide, 
C,H;0-CO-NH:CS:NH-C,H,-OH. 

Three grams of paramidophe .v!, dissolved in alcohol, were added 
to an equivalent proportion of the thiocarbimide ; heat was evolved 
as before, and, on concentrating the mixture, 5 grams of product, in 
the form of fine, oblique, rhombic prisms were obtained, melting at 
198'5—199°, after recrystallisation from alcohol. 


0°2528 pave 0°2492 BaSO,. S = 13°54. 
C,oH,,N,0,8 requires S = 13°34 per cent, 


330 DORAN: THE ACTION OF LEAD THIOCYANATE 


Properties.—Moderately soluble in hot, nearly insoluble in cold, 
benzene; freely, but very slowly soluble in hot, moderately in cold 
alcohol; sparingly in ether, carbon bisulphide, and water. It is 
readily desulphurised by boiling with alkaline lead solution, slowly 
in the cold by neutral, and rapidly by ammoniacal silver nitrate. 


Farry DERIVATIVES. 
ab-Carboxyethylmethylthiocarbamide, C,H;0-CO-NH:CS:NH-CH;. 


A quantity of the 33 per cent. aqueous solution representing 
1:65 grams of methylamine, was freely diluted with alcohol, and 
cautiously added to 6°5 grams of the thiocarbimide, the vessel in 
which the experiment was conducted being immersed in running 
water. Very vigorous interaction ensued, with some fuming and 
liberation of a small quantity of sulphuretted hydrogen. On cooling, 
the liquid separated into two layers, the upper (toluene, benzene, and 
alcohol) containing some crystalline solid in suspension; whilst the 
lower layer of aqueous spirit held solid in solution. The suspended 
solid matter was removed by filtration, and the two liquids were 
separated and concentrated: in this way, three crops of crystals were 
obtained, and, since their respective melting points only varied 
within 2°, they were mixed and, after being purified by two recrystal- 
lisations from light petroleum, were obtained in the form of long 
prisms melting at 119—120°, without decomposition. Yield, 6-0 grams, 


0°210 gave 0°3214 BaSO,. S = 21°51. 
C;H,,N,0.8 requires S = 21°64 per cent. 


Properties—Moderately freely soluble in hot and cold benzene, 
alcohol, ether, and chloroform; moderately freely in hot, sparingly in 
cold light petroleum; sparingly soluble in water. The alcoholic 
solution gives no precipitate with neutral silver nitrate, but becomes 
yellow, and parts with its sulphur on heating or on the addition of 
aqueous ammonia. Boiling with alkaline lead solution produces 
scarcely any change. 


ab-Carboxyethylethylthiocarbamide, C,H,0-CO-NH-CS:NH-C,H;. 


Prepared in exactly the same manner as the preceding derivative, 
using 2°3 grams of ethylamine. The mixture separated into two 
layers as before, but no solid deposited until they were separated and 
concentrated, when a crop of fine, oblique prisms was obtained from 
the benzene-toluene portion of the mixture, and a few milligrams of 
solid in tufts of feathery needles from the aqueous spirit portion, in 
which small quantities of thiocyanic acid were detected, the crystals 
themselves, however, did not give the reactions of this substance, 


———— 
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and there was only 0°5° difference in melting point between the two 
crops. The product, purified by recrystallisation from light petro- 
leum, melted at 79—80° without decomposition. Yield 5:5 grams. 


0'2218 gave 0°3184 BaSO,. S = 19°73. 
C,H,,N,0.8 requires S = 19°77 per cent. 


Properties.—Very freely soluble in hot and cold benzene, alcohol, 
ether, chloroform, carbon bisulphide, and acetone; moderately freely 
in hot and sparingly soluble in cold light petroleum. With desul- 
phurising agents, it acts like the methyl derivative. 


ab-Carboxyethylisobutylthiocarbamide, C,H;0°CO-NH-CS:NH°C,H,. 


Combination between the amine (3°6 grams) and the thiocarbimide 
(6°5 grams) was effected as before, and was accompanied by marked 
evolution of heat. The product of the interaction separated as an oil, 
which, on separation from the mother liquor, slowly solidified, and, 
when purified by recrystallisation from light petroleum, was ob- 
tained in feathery tufts of needles, melting at 53—54°. Yield 7°5 
grams. 


0°202 gave 0°2314 BaSO,. S = 15°74. 
C.H,.N,0.8 requires S = 15°70 per cent. 


Properties.—Very freely soluble in all the ordinary solvents except 
light petroleum and water; in the former it is freely soluble when 
hot, and moderately freely in the cold, and it is slightly soluble in 
hot water. Its alcoholic solution darkens slowly on heating with 
neutral and rapidly with ammoniacal silver nitrate, whilst it de- 
sulphurises slowly on boiling with alkaline lead tartrate. 


Action of Ammonia on Carboxyethylthtocarbimide. 


Carbozyethylthiourea, C,H;0-CO-N:C(NH,)*SH.—On treating 65 
grams of the thiocarbimide with a slight excess of alcoholic ammonia 
an extremely energetic action occurred, accompanied by much fuming, 
evolution of heat, and the formation of small quantities of hydrogen 
sulphide. Solid matter separated at once, and 6 grams of product 
were obtained, and after being purified by recrystallisation from water, 
formed long prisms, melting at 139—140°. 


0°2221 gave 0°3508 BaSO,. S = 21°71. 
C,H,N,0.S requires S = 21°63 percent. 


Properties.—Moderately soluble in hot, sparingly in cold benzene; 
freely soluble in hot, and nearly insoluble in cold alcohol and water ; 
sparingly soluble in ether and carbon bisulphide. Its aqueous solu- 
tion is readily desulphurised on heating with alkaline lead or 
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ammoniacal silver solutions, and with neutral silver nitrate affords a 
white precipitate, darkening slowly on heating. 


Trisubstituted Thioureas. 


Carboxyethylphenylbenzylthiourea, 
C,.H;0°CO:N:C(SH)-N(C,H;)-CH.°C.Hs. 
—Only very slight evolution of heat occurred on mixing benzylaniline 
(in benzene solution) and the thiocarbimide in molecular proportion. 
No solid separated on concentration, but the addition of light petro- 
leum precipitated a brown oil, which was dissolved in alcohol, and 
partly decolorised by treatment with animal charcoal, and, on concen- 
trating after the removal of the latter by filtration, the solution 
slowly deposited crystals on standing; the product, purified by 
recrystallisation from light petroleum, 250 c.c. of this solvent being 
required for the solution of 3 grams of the solid, formed long needles, 
melting at 93—94°, with effervescence, to a clear greenish liquid. 
02032 gave 0°156 BaSO,. S = 10°. 
C,,H,.N,0.S requires S = 10°2 per cent. 


Properties.—Very freely soluble in all ordinary organic solvents 
except light petroleum, in which it is sparingly soluble when hot and 
almost insoluble in the cold; insoluble in water. Its alcoholic solu- 
tion is not desulphurised by boiling with alkaline lead tartrate, but 
with neutral silver nitrate gives a white silver salt which does not 
darken appreciably on heating or on the addition of ammonia. 

Carboryethylpiperidylthiourea, C,H;0°CO-N:C(SH)-NH:C;Hi. — 
Very vigorous action occurred on mixing 42 grams of piperidine 
with 6°5 grams of the thiocarbimide, and, after concentration to half 
its original bulk, the mixture, on cooling, became nearly solid, owing 
to the separation of a mass of fine interlacing needles ; these were 
collected, washed with benzene, mixed with a second crop obtained 
from the mother liquor, and the whole (7 grams) recrystallised from 
light petroleum to a constant m. p., 99—99°5°. 


02094 gave 0°2266 BaSO,. S = 14°87. 
C,H,,N,0.S8 requires S = 14805 per cent. 


Properties—Moderately freely soluble in hot and moderately in 
cold benzene ; freely in alcohol, very freely in ether, and indefinitely 
soluble in chloroform ; moderately freely in hot and sparingly in cold 
light petroleum. Its alcoholic solution is not desulphurised, or only 
very slowly, by alkaline lead tartrate; with neutral silver nitrate, no 
precipitate forms, but the liquid darkens slowly on heating; with the 
ammoniacal nitrate, a white precipitate is formed which blackens on 
heating. 


Di San te REIN A EL EI 


ON THE CHLOROCARBONATES. 


Phenylhydrazine and Carboxyethylthiocarbimide. 


Carboxyethylphenylsemithiocarbazide, 
C,H;0-CO-NH:C(SH):N-NH-C,Hs. 

—The hydrazine was dissolved in alcohol, and, on adding it to an 
equivalent quantity of the thiocarbimide, interaction with evolution 
of heat and separation of solid matter took place at once. On 
cooling, the amount of solid increased considerably, and, when 
collected, washed with benzene, and recrystallised from alcohol, it 
was obtained as a mass of pure white needles, melting at 146°5°, and 
remelting at the same temperature. 

0°2018 gave 0°2085 BaSQ,. S = 142. 

C,oH,;N;0.8 requires S = 14°28 per cent. 

Properties—Moderately freely soluble in benzene, alcohol, and 
ether; moderately in hot and nearly insoluble in cold light petro- 
leum. In alcoholic solution, it affords a white silver salt with neutral 
silver nitrate, blackening slowly on boiling. 

Assuming that carboxyethylphenylsemithiocarbazide may be cap- 
able of existence in two stereoisomeric forms, the product obtained as 
above is probably the “ 8” modification, since, as noted, it remelts at 
the same temperature, and is also recovered unchanged in melting 
point after boiling its alcoholic solution with the addition of a few drops 
of strong hydrochloric acid. An attempt was therefore made, by keep- 
ing the mixture as cool as possible by running water, to produce the 
“a” modification ; the product, however, proved to be the same as that 
already described ; if, therefore, a second form is to be obtained, it 
would probably be necessary to work in a freezing mixture, but so 
far the writer has not conducted an experiment on these lines (see- 
Marckwald, Ber., 1892, 25, 3098). 


Ethereal Salts of Thiocarbamiic acid. 


Of these, five in all were prepared and are described below, the 
method of preparation consisting in adding the pure thiocarbimide, 
C,H;0-CO-NCS, to the corresponding alcohols, the amount of the 
latter used being in each case about double that required by the 
general equation 

C:H;,0-CO-NCS + R'OH = R'0-CS:NH:CO-0C,H;,. 

Interaction did not take place, as a rule, until the substances had 
been some three to five minutes in contact. In the case of the methyl 
derivative, when once the action commenced, the evolution of heat 
was so rapid that an appreciable quantity 01 ."e alcohol (MeOH) was 
volatilised ; with benzyl alcohol, on the other hand, the mixed liquids 
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did not lose the smell of the thiocarbimide, nor was there any sensible 
evolution of heat until after about 20 minutes. The end product 
was obtained in each case by allowing the excess of alcohol to 
evaporate spontaneously, and the yields were practically quanti- 
tative. 

Methylic Carboayethylthiocarbamate, C,H;0°CO-NH-CS:OCH,—Pre- 
pared from methylic alcohol and the thiocarbimide. Large, glistening 
prisms from mother liquor, and feathery tufts of needles melting at 
65—66°, after recrystallisation from light petroleum. 


0°2041 gave 0°2929 BaSO,. S = 19°72. 
C;H,O;NS requires S = 19°65 per cent. 


Properiies—Very freely soluble in all ordinary solvents except 
water and light petroleum; it is insoluble in the former, and dis- 
solves freely in the latter when hot, but only sparingly in the cold. 

Ethylic Carboxyethylthiocarbamate (Carboxyethyl-B-thiourethane), 
C,H,0'CO-NH:CS:OC.H;.—Was obtained from the thiocarbimide 
and corresponding alcobol in rosettes of yellowish needles, melting at 
44—45°, 

02029 gave 0°2699 BaSO,. S = 18°28. 

C,H:,0;NS requires S = 18:21 per cent. 


The chief difference between this and the preceding compound, in 
respect to its behaviour to solvents, consists in its being slightly 
soluble in water, and more freely soluble in warm, light petruleum, 
the latter solution remaining persistently supersaturated on cooling. 

Propylic Carboxyethylthiocarbamate, C,H,0°CO-NH:CS-OC;H,.— 
From the thiocarbimide and normal propyl alcohol. Long, thick, 
yellow prisms, melting at 31—32°, and so freely soluble in all ordi- 
nary solvents that recrystallisation could only be effected with diffi- 
culty. 

0°221 gave 02684 BaSOQ,. S = 16°69. 

C,H,,0;NS requires S = 16°77 per cent. 

Isobutylic Carboxyethylthiocarbamate, C,H,O-CO-NH-CS-0C,H,.— 
This substance was obtained as a pale, greenish-yellow liquid, readily 
miscible with all solvents except water; it did not solidify at —8°. 
It was analysed after standing for a month over strong sulpharic acid, 
excess of the alcohol having first been expelled. 


0°2368 gave 0°272 BaSO,. S = 15°74. 
C,H,;0;NS requires S = 15°62 per cent, 


Benzylic Carboxyethylthiocarbamate, C,H;0‘CO-NH-CS:OCH,C,H;. 
—In this case, as soon as the action was complete, the contents of the 
vessel in which the experiment was made became nearly solid 
through the separation of a mass of yellowish, interlacing needles ; 
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by recrystallisation from light petroleum, the product was obtained 
in tufts of white needles, melting at 66—67°. 
02003 gave 01974 BaSO,. S = 13°54. 
C,,H,,;0;NS requires S = 13°406 per cent. 


It is moderately freely soluble in benzene and alcohol, very freely in 
chloroform, moderately freely in hot, and nearly insoluble in cold, 
light petroleum. 

In respect to their behaviour with the usual reagents for the 
removal of sulphur, the above five compounds resemble each other 
more or less closely; with neutral and ammoniacal silver nitrate they 
yield white silver salts, the former precipitates darkening slowly on 
heating, while complete desulphurisation is readily effected on heat- 
ing the latter. Only very slight darkening occurs on boiling their 
alcoholic solutions with alkaline lead tartrate, but, if the solid is first 
dissolved in warm, dilute potash solution, and lead nitrate be added, 
marked desulphurisation occurs on heating. 


Carbowyethylthiocarbimide. 


That this was obtained pure has been mentioned when dealing 
with its phenyl derivative, and the fact that it was used in the pre- 
paration of the thiocarbamates leads the writer to insert here a brief 
description of its isolation and properties. 

A quantity of the benzene-toluene solvtion, representing 15 grams 
of the thiocarbimide, was divided into three equal parts and treated 
as follows. 

I. Distilled at Atmospheric Pressure.—All the solvents came over 
below 140°; the temperature then rose rapidly to 180°, when a small 
quantity of the thiocarbimide was obtained; but there was obvious, 
though not very marked, decomposition, the residue left in distilling 
flask darkening in colour and becoming sticky. 

II. Steam Distilled.—Solvents came over very rapidly at first, then 
the thiocarbimide itself, but, at the moment when it commenced 
to distil, there was considerable fuming, sulphuretted hydrogen was 
detected both by its odour and action on lead paper, and the process 
was therefore stopped. 

III. Distilled under Diminished Pressure-—Benzene and toluene 
were expelled before 60° was reached, and, on changing the receiver, 
2°5 grams of a colourless, highly refracting liquid, boiling at 66—67° 
under a pressure of 21 mm., were obtained. It afforded the fol- 
lowing data on analysis. 

0°205 gave 0°3648 BaSOQ,. S = 24°46. 

0'1894 ,, 18c.c. moist nitrogen at 18° and 749 mm. N = 10°81. 

C,H;0.NS requires N = 10°71; S = 24°45 per cent. 
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The formula of this substance having been established already by 
the complete analysis of its phenyl derivative, it was not considered 
necessary to analyse it further. The weight of the pure thiocarb- 
imide, obtained by distillation in a vacuum, indicates a yield of only 
50 per cent. ; but, apart from the evidence of an almost quantitative 
yield afforded by the amounts of some of the derivatives already 
described, on passing ammonia through the distillate which came 
over below 60*, and thus converting the thiocarbimide into carboxy- 
ethylthiourea, it has been found that the original yield must have 
been practically theoretical. 

Properties—Carboxyethylthiocarbimide is freely miscible with 
benzene, toluene, ether, and light petroleum; it is apparently very 
slightly soluble in, and is only very slowly decomposed by, water at the 
ordinary temperature, as is shown by an experiment described below, 
and that a much higher temperature does not greatly increase the 
rate of decomposition is evident from the fact that a small quantity 
of it was obtained almost pure by steam distillation. It is desul- 
phurised at once, and in the cold, by alkaline solution of lead and by 
ammoniacal silver nitrate. These latter facts, coupled with the 
series of derivatives it has afforded, and the results of the experiment 
now to be described, serve to establish its claim to be a true thio- 
carbimide. 

Action of Water—About 0°2 gram of the thiocarbimide was added 
to 25 c.c.of water, the mixture was shaken vigorously, and, when the 
oily droplets had subsided, a portion of the clear aqueous layer gave 
only a scarcely perceptible reaction for thiocyanic acid on treatment 
with ferric chloride. This test was constantly repeated during a 
period of over a month, and at no time was there any marked thio- 
eyanic reaction, though evidence of decomposition, resulting in the 
evolution of sufficient sulphuretted hydrogen to be detected by its 
odour and the usual tests, was noticed the day after the mixture was 
made. After six weeks, the oily droplets of the thiocarbimide had 
disappeared, a small quantity of brownish semi-crystalline matter 
had separated, and the liquid, which had some time previously lost 
all odour of either sulphuretted hydrogen-or the thiocarbimide, still 
reacted very faintly for thiocyanic acid, but contained something which 
gave an appreciable precipitate of silver sulphide on treatment with 
ammoniacal silver nitrate. 

Another experiment was tried, boiling a few drops of the thio- 
carbimide with water, cooling rapidly, and adding ferric chloride, 
and, in this case also, only a faint reaction for thiocyanic acid was 
obtained ; but if it be first treated with potash solution, neutralised 


* That is, the solvents which came over below 60°, under a pressure of 21 mm.,. 
carrying some of the thiocarbimide with them. 
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with hydrochloric acid, and ferric chloride added, a well marked 
thiocyanic reaction is obtained. In respect to the result mentioned 
above (in italics), it may be here pointed out that, in the course of 
the joint investigation (Trans., 1895, 6'7, 572), to which reference 
has already been made, a somewhat similar result was obtained by 
the action of water on succinyldithiocarbimide, C,H,(CO-NCS),, 
save that in this case well marked reactions for succinic and thio- 
cyanic acids were obtained, in addition to the evidence of the presence 
of something capable of parting with its sulphur to silver nitrate. 

At no time during the experiment just described was the amount 
of thiocyanic acid present sufficient to be estimated, unless, perhaps, 
colorimetrically, and it seems that almost the only possible explana- 
tion to be given of the presence in the aqueous solution (after the 
thiocarbimide, EtO-CO-NCS, had disappeared) of a substance capable 
of giving up its sulphur to ammoniacal silver nitrate, is to be found 
in the slow formation of hydrogen thiocarbimide, HNCS, itself, the 
latter substance also slowly passing into the more stable thiocyanic 
acid. This explanation is, however, advanced with all due reserve in 
view of the probably highly unstable nature of the combination 
H-N:C:S, and the necessity for repeating the experiment with quan- 
tities sufficiently large to permit of the examination of all the 
products of the decomposition, and in particular of the brown semi- 
crystalline solid which separated during its course. 


Constitution of Nitrogen Bases and Isomerism. 


In respect to the constitution of the various derivatives of carb- 
oxyethylthiocarbimide described in this communication, the sym- 
metrical form, osceen., has been provisionally given tu the 
products obtained by effecting interaction between the substance in 
question and primary amines ; while the derivatives resulting from 
its combination with ainmonia and secondary amines, are regarded as 
conforming to the unsymmetrical formula usually assigned to 
“thiourea ” itself, HN:C< on and are called “ thioureas,” as sug- 
gested by Reynolds (see Trans., 1891, 59, 395). Thus, the trisab- 
stituted derivative obtained by interaction with benzylaniline becomes 
carboxyethylphenylbenzylthiourea, EtO:CO-N:C a. or, if the 
nomenclature recently suggested (Dixon, Trans., 1895, 67, 564) be 
adopted, it becomes n-carboxyethy!-v-phenylbenzylthiourea. That the 
substance in question and the derivatives obtained by the interaction 
of carboxyethylthiocarbimide with ammonia and with piperidine have 
not their sulphur attachments occupied by a radicle is shown by the 
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fact that they do not yield any traces of alkyl sulphide or hydro- 
sulphide on treatment with caustic alkali. Farther than the above 
brief note the author does not intend dealing with the constitution of 
these derivatives until they have been studied in detail, for which 
purpose several of them have been prepared in quantity; he would 
now desire to turn to two cases of isomerism which it is necessary to 
deal with at length. 

Carboxyethylthiourea, EtO:CO-CSN,H;, and carboxyethylpheny]l- 
thiocarbamide, EtO°‘CO-NH:CS:NHPh, are isomeric with the so-called 
ethylic isothioallophanate and ethylic isophenylthioallophanate re- 
spectively. 

Taking them in the order given, ethylic isothioallophanate is formed, 
according to Peitzsch (Ber., 1874, '7, 896), by the action of ethoxalyl 
chloride on thiourea ; but the paper in which this result is set forth is 
very brief, no analytical or other data of importance are given, the 
author stating, however, that the work would be taken up again; but 
the writer has not been able to find any further reference to it. 

In the latest addition of Beilstein’s Handbuch, the interaction is 
explained by the equation: 

CS(NH,). + C.H;0°C,0.-C] = NH,CS‘NH:COOEt + CO + HCl, 


thiourea being represented as the symmetrical substance it was 
generally regarded as being at the time of Peitzsch’s communication 
referred to above; but the evidence accumulated of late years has 
established the unsymmetrical structure of the active thiourea mole- 
cule, and if we write the equation thus: 
HN‘C(NH;)-‘SH + C,H;0-C,0,Cl = NH,CS:NH-COOEt + CO 

+ HCl. 
it at once becomes apparent that this explanation of the interaction is 
based on the assumption that ethoxalyl chloride is capable of con- 
verting the unsymmetrical thiourea molecule into the symmetrical or 
“ thiocarbamide ” form in a derivative—a result scarcely possible. 

In Ber., 1888, 21, 402, Pawlewski claims to have obtained the 
hydrochloride of Peitzsch’s compound, C,H,N,SO,,HCI, in rhombic 
prisms melting at 117°, by the action of ethylic chlorocarbonate on 
thiourea. It became of interest, therefore, to ascertain, if possible, 
first, if the formula assigned to this compound by Peitzsch was correct, 
and, secondly, its relationship to carboxyethylthiourea, 

EtO'CO'N°C(NH,)SH, 
obtained by the writer by the direct action of ammonia on carboxy- 
ethylthiocarbimide. 

Of four possible isomeric forms in which this compound could exist, 
two are unsymmetrical and have their sulphur directly attached to 
carbon, thus— 
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NH, NH-COOEt , 

SH ’ SH f 

one (III) is unsymmetrical, and of the pseudothiourea type, with 
sulphur in direct union with the alkyl group— 


ee ee, WY. Cie 


whilst the fourth (1V) is the symmetrical formula assigned to “ ethylic 
isothioallophanate.” 

Assuming that carboxyethylthiourea is not tautomeric, and that its 
structure is in accordance with the unsymmetrical formula usually 
given to substituted thioureas, only one or other of the first two 
formule could be given to it, since it apparently undergoes no change 
on boiling with strong alkali, and of these the first, 

EtCO,N:C(NH,)-SH, 

is taken as probably better representing the thiourea structure. This 
reduces the choice of a formula for Peitzsch’s compound to the sym- 
metrical one attributed to it, or to that of a pseudothiourea; the 
method of preparing it alone indicates that the former can scarcely 
be correct, and we thus, by a process of exclusion, arrive at the latter 
as the only one left for this compound, and experimental evidence is 
not lacking in support of this deduction. 

Some time ago Professor A. E. Dixon commenced an examination 
of the reactions by which “ ethylic isothioallophanate ” and similar 
compounds were obtained, and, in reference to the work of Peitzsch 
and Pawlewski, has kindly given me the following note. 


I. EtO-CO-N:C< Il. HN:C< 


Note on the ‘‘ Ethylic Isothioallophanate.” 


“ Pawlewski, in a brief note (Ber., 21, 402) records that chloro- 
carbonic ether acts instantly on sulphourea, forming a compound, 
NH,CS*NH:CO-O0C,.H;,HCl, which melts at 117°, and contains 19°29 
and 19:23 per cent. of chlorine, against 19°24 calculated. This sub- 
stance is probably the hydrochloride of Peitzsch’s compound (Ber., 
7, 896), the reaction, however, occurring differently from that ob- 
served by Peitzsch. 

“The constitution assigned to the above substance does not 
accord very satisfactorily, either with the method whereby it is 
produced or with its properties, so far as they are recorded; a few 
experiments were, therefore, some time ago commenced on this and 
certain allied compounds, with results which tended to confirm the 
doubt as to its structure. Further study of the derivative from 
thiourea and ethylic chlorocarbonate was deferred on account of 
other work, but a recent direct synthesis by Mr. Doran, from 
ammonia and carboxyethylthiocarbimide, of a substance possessing 
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totally different properties, having practically excluded the formula 
hitherto accepted for Pawlewski’s compound, the examination of 
the latter was resumed. 

“Union occurred very vigorously, with evolution of much heat, 
on gently warming the constituents together, and a slightly moist, 
white solid was formed which, after well pressing in bibulous paper, 
shrank at about 90°, and effervesced at 98—99°; it smelt un- 
pleasantly, and appeared to be somewhat deliquescent. It was 
freely soluble in water, alcohol, acetone, and ethylic acetate, practi- 
cally insoluble in carbon bisulphide, chloroform, and benzene; from 
the alcoholic solution it was precipitated by the two latter as a 
pasty solid. The aqueous solution had an acid reaction, and gave 
with neutral silver nitrate a precipitate of silver chloride ; the solid, 
moreover, effervesced when treated with sulphuric acid, evolving 
fumes of hydrogen chloride. 

“ Ammoniacal silver nitrate produces a bright yellow, silver com- 
pound which- rapidly blackens, especially if much ammonia be 
present ; using alcoholic solutions, the yellow precipitate appears to 
be more stable, but was, under these conditions, soon decomposed, 
yielding metallic sulphide. Cold dilute caustic alkali when added 
to the aqueous hydrochloride, turns it somewhat brownish, and an 
intolerable odour of mercaptan or ethylic sulphide is produced; if 
to this solution a lead salt be added, a bright yellow precipitate forms, 
which gradually decomposes into lead sulphide; this change occurs 
at once on warming. If the dilute aqueous solution is mixed with 
lead nitrate and caustic potash gradually dropped in, a white pre- 
cipitate is formed, redissolving at first, and then becoming permanent ; 
next it turns yellow, and, finally, when excess of potash is present, it 
blackens—all in the cold. Mixed similarly with solution of mercury, 
and then treated with excess of alkali, a yellow precipitate results, 
quickly changing to black, (HgS). With cadmium chloride, in like 
manner, a white precipitate, changing to yellow, is obtained, and with 
bismuth nitrate (which gives a clear, lemon-yellow colour with the 
hydrochloride) a yellowish-brown precipitate, soon decomposing into 
bismuth sulphide. In all these cases, also, the sulphuretted odour, 
especially on warming, is very marked and disagreeable ; the escaping 
gases turn lead paper yellow. : 

“The saline nature of this chlorocarbonate derivative, together 
with the ready liberation of volatile compounds of sulphur on mere 
addition of cold alkali, and the behaviour with metallic salts (in 
presence of alkali) above mentioned, all point in the strongest manner 
to the view that sulphur, and not nitrogen, is engaged with the atomic 
' complex introduced by the chlorocarbonate, and hence that the com- 
pound is constituted similarly to the basic and evil-smelling sub- 
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stances obtained by the action of alkalis on the addition products of 
thiourea and the alkylogens. Accordingly the interaction may be 
explained as follows. 

NH:C(NH;,)-‘SH + EtO-COCl = NH:C(NH,)-S-COOEt,HC1; 
the resultant compound being the hydrochloride of carboxyethy]-y- 
thiourea. By hydrolysis with potash this can afford the corresponding 
salt of ethyl-a-thiocarbonic acid, EtO-CO-SH, a substance which easily 
decomposes (Bender, Annalen, 1868, 148, 137) into hydrogen 
sulphide, mercaptan, &c.” 


Turning now to the second supposed case of isomerism, ab-car- 
boxyethylphenylthiocarbamide, EtO-CO-NH-CS-NHPh, and “ ethylic 
isophenylthioallophanate,” (NH,,CS:NPh:COOEt); in a communi- 
cation “On the Action of Ethylic Chlorocarbonate on Phenyl- 
and di-Phenylthioureas,” in J. pr. Chem., 1885, 32, 261, et seq., 
Seidel describes an experiment whereby, as the result of interaction 
between ethylic chlorocarbonate and phenylthiocarbamide, “ carboxy- 
ethylthiourea or, as it is termed in Beilstein’s Handbuch, “ ethylic 
phenylthioallophanate,” was produced. In carrying out his experi- 
ment, the author used an excess of the chlorocarbonate ; he notes the 
evolution of carbon dioxide, hydrogen chloride, and ethylic chloride 
during the course of the action, and states that the end product was 
a yellow oily mass which crystallised slowly in a desiccator ; after six 
months it partly solidified, and, as the oil was not removable, the 
crystals could not be purified for analysis. Attempts to wash 
with hot absolute alcohol and benzene decomposed the solid, the 
mass regenerating phenylthiourea. He further states that the com- 
pound was “too unstable for its constitution to be determined,” and 
referring to Miquel’s preparation of acetylphenylthiocarbamide 
(Ann. Chim. Phys., 1877, 11, 318) from acetylthiocarbimide and 
aniline, assumes that his “ carboxyethylphenylthiourea,” or “ ethylic 
phenylthioallophanate,” is a similarly constituted symmetrical com- 
pound, having the formula COOKt-NH:CS-NHPh; as evidence of its 
structure, he states that on heating at 50—60°, with an excess of 
acetyl chloride, using a reflux condenser, this substance yields 
acetylphenylthiocarbamide, saying that this shows that the “nega- 
tive,” COOEt group is expelled by CO’CH;. 

There is considerable difficulty in reconciling the properties of this 
substance with those of a di-substituted thiourea; moreover, the tri- 
substituted compound, ethylic diphenylthioallophanate, also obtained 
by Seidel (loc. cit., 262, et seq.) by the action of ethylic chlorocarbo- 
nate on thiocarbanilide, does not exhibit such extreme instability— 
distinctly the opposite, in fact, as its recorded reactions indicate. 
With regard to the formation of acetylphenylthiocarbamide by the 
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action of acetyl chloride on Seidel’s compound, it seems reasonably 
certain that this is due solely to the readiness with which the com- 
pound in question regenerates phenylthiocarbamide, leaving the latter 
free to interact with the chloride in accordance with the equation, 


NHPh:CS:NH, + CH,;COC] = CH;CO-NH:CS:‘NHPh + HCl; 


whilst, as further proof of the untenable nature of the evidence 
adduced in support of the constitution assigned to ‘‘ carboxyethy|- 
thiourea,” the writer will show later that the group COOLEt is posi- 
tive to CH,;°CO. 

The writer has, so far, only been able to verify the marked 
instability of the product of the interaction between ethylic chloro- 
carbonate and phenylthiocarbamide, and these appear to be only 
two possible explanations for it; the first is that the interaction 
results in the formation of the hydrochloride of a y-thiourea in the 
manner already described when dealing with Peitzsch’s “ ethylic thio- 
allophanate ” (q.v.); whilst the second is based on the assumption 
that the two interacting substances, EtO‘COCI] and CSN,H;Ph, can 
combine to form an unstable molecular compound analogous to the 
substance vbtained by Claus (Ber., 1875, 8, 42) by the action of 
acetyl chloride, on thiourea itself—a compound which decomposes 
without the formation of an acetylated thiourea if treated with hot 
alcohol ; owing to the extreme instability of the product, the latter 
explanation is regarded as being more probably correct. 

To consider now the so-called “ ethylic isophenylthioallophanate,” 
or “carboxyethylisophenylthiourea,” NH,CS:-NPh:COOEt: Seidel 
(loc. cit., 274) obtained it, as a result of interaction between ethylic 
chlorocarbonate and acetylphenylthiocarbamide ; the experiment was 
made with a view to obtain a tri-substituted thiourea, and the author 
states, in referring to the final product, “strange to say, the isomer 
(i.e., of his ‘ carboxyethylthiourea’) was obtained,” and proceeds to 
explain its formation, on the assumption that carboxyethylacetyl- 
phenylthiourea was formed during the course of the action, by the 
following equations. 


.e_-NHAc " NHAc 
I. CS<yypy, + BtO-COCl = CS<ypLcooR, + HCl. 


NHAc 
I. CS<yph-COOEt 
Mere inspection of the above equations reveals the fact that the 
explanation given is scarcely tenable, in’so far as it assumes a highly 
improbable quasi-migration of the phenyl group from one part of the 
molecule to another, but the author’s reasons for advancing it are 
self-evident; having already concluded that the very unstable com- 
pound resulting from the action of ethylic chlorocarbonate on phenyl- 


ee ral NH a Ya) 
+ HCl = CS<ypi.cooR + CHsCO-Cl. 
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thiocarbamide was “ carboxyethylphenylthiourea,” and that the action 
of acetyl chloride on this substance to afford acetylphenylthiocarb- 
amide, was proof of the “ negative” character of the COOEt-group, 
the above given explanation was the only consistent one left to 
him. In view of the fact that “ ethylic isophenylthioallophanate,” in 
its solubility relations, crystalline form, and general characteristics, 
so far as they are described, appeared to be identical with the 
writer’s carboxyethylphenylthiocarbamide, while there is only 3° 
difference in the melting points of the two substances, namely 127° 
(uncor.) for the first named, and 130° (uncor.) for the second, it 
became necessary to repeat his experiment, and this was done with 
the following results. 

A mixture of 4 grams of finely powdered, well dried acetylpheny]l- 
thiocarbamide, and 5 grams of ethylic chlorocarbonate, was heated 
on the water bath in a reflux apparatus; interaction, accompanied 
by the evolution of acetyl chloride and hydrogen chloride, commenced 
before the boiling point was reached and complete dissolution of the 
solid was effected after about 15 minutes heating; a yellowish-brown 
liquid of faint sulphuretted odour, was formed, which, on cooling, 
became almost solid, through separation of crystalline matter. The 
crystals, freed as completely as possible from adherent mother- 
liquor by pressing between folds of bibulous paper and purified by 
two recrystallisations from alcohol, were obtained in the form of 
pure white, apparently monoclinic tables, melting at 129—130°. 

0'2074 gave 0'2196 BaSO,, or S = 14°55. 

CS(NH).Ph-COOEt requires 14°30 per cent. 
The substance obtained in this way was in every respect identical 
with the carboxyethylphenylthiocarbamide produced synthetically 
from carboxyethylthiocarbimide and aniline. The interaction may 
therefore be formulated as follows. 


. ~NH:CO-CH; OEt sq_~-NH-COOEt 
CS<yuph = + ©O<Sq, = CS<yapn 
An experiment was now made to test the validity of the state- 
ment concerning the “negative”’ character of the COOEt-group, 
though, when the result just detailed is considered, it seemed scarcely 
necessary. The above named thiocarbamide was selected and 2 grams 
of it was heated, using a reflux condenser, for half-an-hour with 
a large excess (5 grams) of acetyl chloride,—the latter being kept in 
brisk ebullition; no sign of interaction was observed during the 
experiment, and, eventually, 19 grams of unchanged thiocarbamide 
was recovered ; therefore, it may reasonably be concluded that, in so 
far at least as acetyl chloride and a thiocarbamide of the type dealt 
with are concerned, the group CO-OEt is positive to CHsCO. 
282 


+ CH;COCI. 
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The results arrived at in the preceding paragraphs dealing with 
the supposed cases of isomerism may be briefly summarised by the 
statement, that the “ethylic thioallophanate” of Peitzsch and 
Pawlewski, the “ carboxyethylphenylthiourea,” or ‘‘ ethylic phenyl- 
thioallophanate,” and “ethylic isophenylthioallophanate” of Seidel 
are substances which apparently do not exist at present; the first- 
named appears to be a pseudo-thiourea, or its hydrochloride; the 
second, an unstable molecular compound of ethylic chlorocarbonate 
and phenylthiocarbamide; whilst the third is identical with the 
symmetrical carboxyethylphenylthiocarbamide described in this com- 
munication. 

In conclusion, the author wishes to acknowledge his indebtedness 
to Professor Dixon for much valuable suggestive help during the 
course of the work described, and to state that he hopes shortly to 
lay before the Society an account of carhoxymethylthiocarbimide, a 
few derivatives of which have already been obtained, and that he 
purposes extending this research to some of the other chlorocarbo- 
nates, and to methoxalyl and ethoxaly] chlorides. 


Chemical Department, 
Queen’s College, Cork. 


XXXIV.—Connection between the Atomic Weight of Con- 
tained Metals, and the Crystallographical Charac- 
ters of Isomorphous Salts. The Volume and Optical 
Relationships of the Potassium, Rubidium, and 
Cesium Salts of the Monocline Series of Double 
Sulphates, R.M(SO,).,6H,O. 

By Atrreo E. Turron, Assoc. R.C.S. 


In a previous communication (Trans., 1893, 63, 337), the results 
of a detailed investigation of the morphological characters of 22 
double sulphates of this series were laid before the Society. The 
present memoir deals with the volumes and the optical properties of 
these same 22 salts, and thus completes their crystallographical 
history. The interesting nature of the morphological relationships 
described in the former communication rendered it very desirable 
that an investigation, of as thorough a nature, should be carried out 
concerning the physical properties of the salts. This series of iso- 
morphous salts is undoubtedly the most important yet known to us 
among those crystallising in the systems of lesser symmetry, and no 
effort has been spared to render the work now presented as complete 
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and accurate as possible. Each salt has been studied in the same 
detailed manner as the normal sulphates of potassium, rubidium, and 
cwsium described to the Society in 1894 (Trans., 1894, 65, 628), and 
results of equal interest to those resulting from the latter investigation 
have followed. 

The data hitherto existing concerning these salts have been of a 
character totally inadequate for the purposes of making important 
deductions concerning their relationships. The potassium salts of the 
series were studied in the year 1859 by Murmann and Rotter (Sitz. Ber. 
der Kais. Akad. Wiss., 34, 135), but the character of the work can only 
now be regarded as affording very rough approximations as regards 
the optic axial angles of the salts, and as very crude indeed with 
respect to the refractive indices, the 8 indices alone being usually de- 
termined, and in several cases the rough results given will be shown 
to be very inaccurate. Two of the potassium salts, those containing 
magnesium and iron, were included by Topsée and Christiansen in 
their well-known investigation in 1874 (Ann. Chim. Phys., 1874, [5], 
1, 1), but even in this work the optic axial angles are only given for 
sodium light, and the 8 refractive indices alone were directly deter- 
mined; the indirectly determined « and y indices will be shown to 
deviate considerably from the values now given, all of which were 
directly determined. The most important work which has hitherto 
been carried out on this series is that of Perrot (Archiv. des Sciences 
phys. et nat. Geneve, 1891, 26, and 669, and 1893, 3), who has investi- 
gated the eight rubidium salts, and the potassium and cesium salts 
containing zinc as the second metal. The refractive indices of these 
salts were determined by Perrot by means of Soret’s total-reflection 
method, thus avoiding the necessity of grinding prisms, and it is 
very satisfactory to find that the values of the indices thus determined, 
evidently with great care, coincide almost exactly with the values 
now given for the same salts, as determined by means of accurately 
orientated prisms. Perrot has not determined the other optical pro- 
perties with sufficient completeness. The optic axial angles were 
usually determined indirectly, with the introduction of the inter- 
mediate index of refraction of the crystal in the calculation, a method 
open to considerable error, and usually only for sodium light. The 
error in the stauroscopic determinations of the orientation of the axes 
of the optical ellipsoid is also larger than in the determinations now 
given. The densities, moreover, were determined by means of the 
hydrostatic balance, and frequently differ considerably from the 
numbers now presented, determined with much larger quantities of 
the salts by a pyknometer method conducted with extreme precau- 
tions. The point of Perrot’s work was the refraction observations, 
as exemplifying the utility of Soret’s method, and the accord between 
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those observations and the work now published is all that could be 
desired. 

Seven of the eight cesium salts have never hitherto been subjected 
to investigation. 

From the foregoing statement of previous work on the series, it 
will be evident that an exhaustive investigation of the whole 22 salis, 
of a most careful character, and on strictly comparable lines, was 
very desirable in order that our knowledge of this important series 
might be sufficiently accurate to enable general deductions of a trust- 
worthy nature to be drawn as to the effect of the replacement of 
one metallic constituent by another. 


Metruop or Work. 


Volume Investigation. 


The Densities—The method adopted for determining the relative 
densities was the “ pyknometer method with cap,” fully described in 
the communication concerning the simple normal sulphates (loc. cit., 
650), and due to Chapman Jones. The determinations were in every 
case conducted with the most transparent crystals, ground to the 
finest powder in an agate mortar, and sifted through fine platinum 
gauze. Except in those cases requiring special treatment, owing tv 
efflorescence, which will be described in connection with the particular 
salts concerned, the powder was dried for a short time at the ordinary 
temperature between hard-pressed filtering paper, free from fluff, 
and then resifted several tines, in order to remove the small quan- 
tity of moisture due to the minute inclusions of mother liquor. 
When it no longer adhered to a glass rod it was transferred to the 
pyknometer, and the determination proceeded with. Carbon tetra- 
chloride was employed throughout as the liquid, and its specific 
gravity was frequently verified during the determinations. Consider- 
able quantities, from 2 to 5 grams, of the salts were employed in each 
determination, and they were taken from different crops, belonging 
to two distinct preparations. Four determinations were made for 
each salt. The rubidium and cesium sulphates employed in the 
preparations were largely derived from the stock obtained at the 
commencement of this work, analyses of which were given in the 
communication concerning the morphology of the series (p. 340) ; it 
was found necessary to supplement it, however, by an additional 
quantity supplied by Merck, of the same high order of purity as the 
last, and analyses and spectroscopic examination of which yielded 
equally satisfactory results. 

All the densities were determined at 20°, and the results are com- 
pared with water at 4°. Hence they are all strictly comparable. 
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Distance Ratios (Topic Axes of Muthmann).— The formule employed 
in calculating these ratios are those referred to in the memoir con- 
cerning the simple alkaline sulphates (p. 658), as having been 
suggested to the author by Professor Becke, of Prague, immediately 
after the appearance of the memoir concerning the morphology of 
the double sulphates: they are Muthmann’s more recent topic axes 
for rhombic symmetry, modified for monoclinic symmetry by the 
introduction of the sine of the monoclinic axial angle 8. The actual 
meaning of the three ratios, x, y, and w, is, that they represent the 
relative distances apart of the centres of the stractural units, or 
groups of units if the structure consists of more than one kind of 
unit together corresponding to the constitutional formula, along the 
directions of the three morphological axes. The formule are as 


follows. 


me ia we asin &/ eV: 

= 5 = - ;-a=> ———- » 

os c sin B’ ac sin p’ asin B 

where V is the molecular volume, and a, b, and ¢ are the ordinary 


morphological axial ratios. 


Optical Investigation. 

The optical investigation of a large number of salts of a low order 
of symmetry, in accordance with the exhaustive scheme contemplated, 
involving the preparation of some hundreds of accurately orientated 
section-plates and prisms and their examination in monochromatic 
light, was a task of some magnitude, and it was the recognition of 
this fact which led the author to devise and cause to be constructed 
the instrument for grinding accurately orientated section-plates and 
prisms, and the monochromatic illuminator, which were described to 
the Royal Society two years ago (Phil. Trans., 1894, A, 887 and 913). 
Without the former instrument, it is doubtful whether this work 
would ever have been completed, it would certainly never have been 
endowed with the same accuracy. About 200 section-plates have 
been prepared by means of it during the progress of this work, at 
least two for each salt parallel to the symmetry plane for use in the 
determination of the directions of the principal planes of the optical 
eliipsoid, three perpendicular to the first median line of the optic 
axes for the determinations of 2E, the apparent optic axial angle in 
air, and 2Ha, the apparent acute angle in an immersion liquid, and 
three perpendicular to the second median line for the measurement of 
2Ho, the apparent obtuse angle in the immersion liquid. Im all 
cases, the highest accuracy of orientation was ascertained to have 
been attained, although frequently a complicated matter owing to 
awkward relations between the morphological faces and the direc- 
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tions of the median lines, due to the monoclinic nature of the 
symmetry. ‘lhe plates perpendicular to the first median lines in- 
variably exhibited the interference figures symmetrical to the centre 
of the field of the polariscope. For the determinations of refractive 
index about 150 60° prisms, at least six from each salt, were also 
ground, each of which was formed by two faces symmetrically 
arranged, that is, equally inclined, to one of the principal planes of 
the optical ellipsoid, and whose intersecting edge was parallel to one 
of the three axes of the ellipsoid. Hence each prism directly fur- 
nished two of the three refractive indices. Usually two such prisms, 
in complementary directions, were ground upon the same crystal, the 
pair of prisms thus furnishing all three indices, and one of them in 
duplicate. This is probably the first time that this has been achieved, 
certainly on such a scale, with crystals of symmetry as low as mono- 
clinic. The new grinding instrument has thus proved invaluable, and 
has more than fulfilled all that was expected of it. Moreover, barely 
half a dozen crystals among so large a number have been broken 
during the grinding, and the labour spent on them lost. 

The section-plates and prisms were employed whenever possible with- 
out cemented cover glasses ; the polish furnished by the two polishing 
discs of the instrument, of very finely ground glass and of polished glass 
respectively, lubricated with brick oil, has in many cases been ample 
to permit of excellent observations being obtained with them directly. 
In the cases of the strongly coloured, and hence absorbent nickel and 
cobalt salts, the rapidly efflorescing cadmium salts, and occasionally, 
owing to special difficulties, with some of the crystals of the copper 
salts, it has been necessary to employ thin miniature cover glasses, 
cemented with a solution of hard balsam in benzene. The large 
number of observations taken, however, will have eliminated any 
slight error due to the cover glasses, and in cases where there has 
been any doubt the cover glasses have been removed, re-set, and the 
observations repeated. 

All the observations of optic axial angle and refractive index have 
been carried out for several wave-lengths, five in the case of the former 
and six in the case of the latter. The new monochromatic illuminator 
has been employed throughout, the source of light being the lime-light, 
in order that the receiving and exit slits might be as fine as possible 
and the monochromatism of a high order. The saving of time and 
the convenience generally afforded by this instrament has been 
immeuse, and the powerful illumination given by it has been a very 
great aid to accuracy in the cases of the highly coloured salts, an 
ordinary lithium flame, for instance, being almost incapable of pene- 
trating a thick plate or a prism of any of the green salts containing 
nickel us the second metal, whereas with the monochromatic illumi- 
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nator a comparatively bright interference figure or image of the 
spectrometer slit is afforded. 

Wiilfing (Min. und Petrogr. Mitth., 1895, 15, 49) has since described 
a somewhat similar spectroscopic monochromatic illuminator, of 
cheaper construction, and criticises the author’s use of a ground 
glass screen to diffuse the light sufficiently to fill the field of the 
observing instrument, on account of its weakening of the light. 
Instead, he arranges the observing instrument, the polariscopical 
goniometer, at such a distance from the exit slit that the bundle of 
rays, emerging from the latter, when it reaches the objective of the 
polariscope has attained the same diameter as that objective; he then 
introduces a lens whose focal length is equal to the distance from the 
slit, and thus fills the objective with parallel rays. The author of 
the present communication, long ago, before the instrument was 
described to the Royal Society, tried this method of diffusion, but 
discarded it for the ground glass diffuser, for the reason that although 
the illumination was slightly superior it was by no means so satis- 
factory. For unless the eye was maintained exactly in one position 
in front of the polariscope, it was found that the illumination became 
uneven, and dark patches were seen at the sides, very disturbing 
during the observation of interference figures, and the illumination 
even disappeared altogether. Doubtless a cap with a small central 
hole in front of the analyser might obviate this, but the evenness of 
the field is so perfect when ground glass is employed, and remains so, 
however much the eye moves about, that the author prefers it 
infinitely, since it renders the whole aperture of the nicol available, 
and the interference figures clear and constant. As regards the 
weakening of the intensity of the light, that depends largely on the 
texture of the glass diffuser. 

As stated in the memoir (loc. cit.), describing the monochromatic 
illuminator, two screens are used. One is so finely ground that 
objects behind it can be seen, slightly blurred, through it; this is 
used for refractive index work with the Fuess spectrometers, Nos. la 
and 2a, and gives beautifully even images of the Websky slit. The 
other is only slightly coarser, being of the texture of the finest camera 
focussing screens; this is employed for optic axial angle work with 
the polariscopical goniometer, and the diffusion is just sufficient, and 
no more than is required, to fill the field of the polariscope. The 
intensity of the illumination is very little less than when the lens is 
employed, and this is not noticed when the lime-light or an electric 
arc is available, one or other of which the author always employs in 
work of the character of the present investigation, in order to be 
able to use slits of very fine opening, so as to obtain very nearly 
perfect monochromatism,. The whole apparatus has worked admir- 
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vbly during the course of this work, and in the cases of salts 
exhibiting extraordinary interference phenomena, such as the 
beautiful example of cesium magnesium sulphate, to be described in 
the course of this communication, and that of rubidium sulphate, 
previously described, it has proved simply invaluable. 

Orientation of Axes of Optical Ellipsoid.—The determinations of the 
extinction angles in the symmetry plane were made with a new Fuess 

‘stauroscope fitted with a Calderon double calcite plate. The extinc- 
tions could in most cases be determined to 5’. The sections parallel 
to the symmetry plane were always made from well-developed crystals, 
so that the portions of the faces left on the edges of the section afforded 
good images of the goniometer signal. The basal plane face c(001) 
was usually taken as reference face in determining the position of the 
section when cemented upon one of the rectangular glass plates given 
with the Fuess instrument, and the crystal was arranged so that this 
face was as nearly as possible parallel to the marked reflecting edge of 
the glass plate. The small correction angle was measured on the 
excellent goniometer of the grinding instrument as soon as the 
cementing film of balsam solution had sufficiently set. Observations 
were made with the crystal above the plate, and then with the plate 
inverted and the crystal below it, in order to eliminate the error of 
coincidence between the direction of the nicols and the zero gradua- 
tion of the circle. The dispersion of the median lines, that is, of the 
direction of the axes of the optical ellipsoid lying in the symmetry 
plane, is so small throughout the series as to be scarcely greater than 
the error in the determination of the extinction angles. Hence it is 
ample to conduct the observations for sodium light, and in general 
precisely the same results were arrived at by the use of white light. 

The orientations are expressed with reference to the morphological 
axes a and c, and also, for the sake of comparison with the work of 
other observers, with respect to the normals to the basal plane c{001} 
and the orthopinacoid a{ 100}. 

Optic Axial Angles —The section plates for the determination of 
the optic axial angles required to be 1 or2 mm. thick, and thicker 
still for most of the cesium salts, on account of the very feeble double 
refraction which is characteristic of the series. The measurements 
were made with the delicate Fuess larger axial angle apparatus. 
Monobromonaphthalene was usually employed as the immersion 
liquid in the determinations of 2Ha and 2Ho. The pairs of sections, 
perpendicular to the first and second median lines respectively, 
which were employed together to furnish the data for the calculation 


of the true angle 2Va by means of the formula tan Va =— 


are numbered in the tables of results 1 and la, 2 and 2a, or 3 and 3u. 
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‘The two series of measurements with each pair were carried out 
immediately in succession in the same cell of liquid, in order that no 
change might in the interval occur in the refractive index of the 
latter. The order of dispersion exhibited by the calculated results 
was in every case confirmed by observation of the interference figures 
in white light, and actual measurement in monochromatic light, when 
the sections perpendicular to the first median line were immersed in 
a liquid of about the same refractive index as the mean of the crystal 
indices. The approximate true angle was then being observed, and 


the indications were of very considerable value, as the dispersion of | 


the optic axes for different wave-lengths of light is usually very small 
in this series, so much so sometimes as to approach the few minutes 
of error in the calculation of the true angles. 

Dispersion of the Median Iines.—The stauroscope affords no trust- 
worthy method of determining such small dispersions, of the axes of the 
optical ellipsoid lying in the symmetry plane, as are presented in this 
series. They have been determined in every case by observations in 
white light,and measurements in monochromatic light, while the section 
was immersed in a liquid of almost exactly the same refractive index 
as the mean index of the crystal, or successively in two liquids slightly 
differing from that mean, but in opposite directions. The orientation 
of the crystal section was first carefully noted with reference to the 
existing faces left on the broad edges of the section; it may be here 
mentioned that the grinding instrument does its work so cleanly that 
these faces are rarely damaged. ‘The circle readings are then care- 
fully noted, while each axial brush in turn is brought between the 
pair of cross wires for each of the five wave-lengths in succession, or 
at least the two extreme ones, and thus the angular dispersion of 
each optic axis determined. From this, of course, the position of the 
median line for the two extreme wave-lengths can be deduced, and, 
knowing the position of the faces of the crystal, the actual dispersion 
within the crystal ascertained. Very great care, however, is requisite 
in the choice of liquids in the cases of crystals exhibiting such small 
dispersions, rarely more than 10—15' between red light of the wave- 
length of the lithium line and greenish-blue light of the wave-length 
of the F hydrogen line, as it frequently happens that the indications 
in two such liquids, differing not very greatly in refractive index, 
exhibit considerable deviations from each other. This occurs mainly, 
however, in connection with the dispersion of the two axes, the dis- 
persion of the median lines is usually the same in both. 

Refractive Indices—The refractive indices were determined by 
means of a new No. la Fuess goniometer, fitted with all the most 
recent improvements. ‘The author desires to express his sincere 
thanks to the Government Grant Committee of the Royal Society for 
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their considerable grant for the purchase of this beautiful instrument, 
the most perfect and accurate spectrometer for use with miniature 
prisms procurable. The monochromatic illuminator works admirably 
in connection with it. A side window in the screen lined with dark 
velvet which is employed to shield the spectrometer from extraneous 
light, fitted with an easily moving shutter, and with an incandescent 
gas lamp placed behind it, supplied with a metal cylindrical chimney 
pierced by a circular aperture, 1 inch in diameter, opposite the light, 
serves to illuminate the circle when the shutter is opened. It is con- 
venient to have the lamp adjustable for height on a standard rod 
supported by a heavy base. It can then be used as source of light 
during the measurement of the angle of the prism, and the subse- 
quent approximate adjustment of the prism for minimum deviation. 
It is convenient to have the spectrometer mounted on a special stand 
whose four legs terminate in ball castors; the instrument can then 
be readily moved so as to bring the illumination tube of the collimator 
in front either of the gas lamp or the monochromatic illuminator, and 
it is a particularly convenient arrangement in adjusting so as to get 
the maximum illumination of the image of the Websky slit refracted 
through the prism. 

Two series of observations of the angles of minimum deviation 
were always taken, one on each side of the incident light, that is, 
with the light incident on each of the prism faces in turn, and the 
mean considered as the true deviation. The readings rarely differed 
by more than two minutes. 

It will be understood that the symbols under the headings “ Nature 
of light” in the tables, mean as follows :—Li, light from the mono- 
chromatic illuminator of the same wave-length as the red lithium 
line; C of the wave-length of the red hydrogen line C; Na of the 
wave-length of the yellow D sodium lines; Tl of the thallium green 
line ; F of the greenish-blue hydrogen line F; and G of the violet 
hydrogen line near G. 

A general expression for any wave-length has been calculated for 
the intermediate index of refraction B of each salt, corrected for a 
vacuum; the mean of the observed values of this index for C, Na, 
and T! light, corrected for a vacuum by the addition of 0:0004, have 
been employed in each case in calculating the formula. These 
formule reproduce the observed values (+ 0°0004) perfectly as far as 
F; another term would be required to yield the G values accurately, 
but its use would hardly compensate for its complexity. The aand + 
indices are also very closely expressed by the formule when the 
first constants are diminished and increased respectively by amounts 
which are given for each salt. The relations of these differences 
from the 8 values determine the sign of the double refraction. 
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The Axial Ratios of the Optical Ellipsoid.—The relative velocities of 
light vibration along the three axes of the optical ellipsoid have been 
calculated for each salt, as in the cases of the simple sulphates pre- 
viously described, by taking the ratio of the reciprocals of the three 
indices for any one and the same wave-length (usually sodium light). 
In the cases of the simple sulphates of rhombic symmetry the order of 
the morphological axes was taken, as these axes were coincident with 
the axes of the optical ellipsoid; in the present cases of the mono- 
clinic double sulphates only one of the axes of the optical ellipsoid is 
coincident with a morphological axis, namely, the intermediate axis 
b with the symmetry axis). The other two axes of the optical 
ellipsoid are only conditioned by the fact that they must lie in the 
symmetry plane and be at right angles to each other; their relations 
to the two morphological axes lying in this plane differ for each salt. 
It will be of just as much interest, however, to compare their ratios 
for the different salts; hence they have been calculated, and are 
arranged in the order a: 6: ¢; the first being the maximum, and the 
third the minimum axis. Vibrations parallel to a yield the minimum 
refractive index a, and those parallel to ¢ give y. The value of 6 is 
taken as unity. 

4-8 and £ = Fe) 

b a b 1 

It will be observed that the term optical elasticity is not employed 
in this communication. The important generalisation of Fletcher 
(Mineral. Mag., 1891, 278) that the whole of the optical characters 
of crystals may be completely expressed with reference to the geo- 
metrical characters of a surface which is in general an ellipsoid, the 
optical indicatrix, renders it no longer necessary to employ terms 
which refer to particular versions of the undulatory theory. The 
term “axes of optical elasticity’? employed in the communication 
concerning the simple sulphates is now replaced by the expression 
“axes of the optical ellipsoid.” 

The fundamental fact of Fletcher’s generalisation, which is now 
adopted as the basis of the treatment of the optical properties of 
crystals by Groth (1895 edition of Physikalische Krystallographie), is 
expressed in the original memoir as follows :— 

“The characters of a ray of plane-polarised homogeneous light 
transmitted within a medium are indicated by geometrical characters 
at a corresponding point on an ellipsoid ; the direction of the ray is 
that of a diameter intersecting perpendicularly the normal drawn to 
the ellipsoid at the corresponding point; the velocity is inversely 
proportional to the length of the normal intercepted by the ray; the 
plane of polarisation is perpendicular to the normal.” 

The optical velocity ellipsoid referred to in this communication, 


Hence 
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whose axes are the reciprocals of the refractive indices, is the polar 
reciprocal of the optical indicatrix, the magnitude of the axes of the 
two ellipsoids being inverted, the maximum axis of the velocity 
ellipsoid being the minimum axis of the indicatrix, and vice versd. 
As regards the axes of the velocity ellipsoid, their respective velo- 
cities refer to the vibrations, not to the transmission, of light along 
those directions. 

Molecular Optical Constants.—These constants, afforded by the 
formule of Lorenz and of Gladstone and Dale, have been calculated 
for each salt from the data afforded by the determinations of density 
and of refractive index. It must be remembered that the same 
remark applies to these constants as to the axial ratios of the optical 
ellipsoid ; the directions within the crystals are only identical through- 
out the series in the case of the values for 6, which is coincident 
with the symmetry axis; the directions of a and ¢ differ somewhat in 
the various members of the series. 

Observations of Optic Axial Angle and of Refraction at Higher Tem- 
peratures.—The salts of this series, containing as they do water of 
erystallisation, cannot naturally be heated to 100° or more without 
decomposition. Most of them, however, have been found to with- 
stand a temperature of 70° sufficiently long before becoming opaque 
to enable measurements of the apparent optic axial angle in air and 
of refractive index to be carried out. The apparatus employed for 
the observation of the interference figures at 70° was the ordinary 
air bath arrangement, furnished with two thermometers, supplied by 
Fuess with the larger optic axial angle goniometer. For the deter- 
minations of refractive index at higher temperatures, the latest form 
of heating apparatus supplied with the No. la goniometer was 
employed ; this admirable arrangement is described by Fuess in the 
Neues Jahrbuch fiir Mineralogie, 1890, 1, 161. The whole of the salts 
could not be investigated as regards their refraction at higher tem- 
peratures by means of uncovered prisms, on account of deterioration 
of the ground surfaces. In most cases this difficulty was overcome 
by using prisms fitted with cemented cover-glasses, and when equi- 
libriam had been established at the particular higher temperature, 
taking a series of alternate observations for sodium light of minimum 
deviation and the prism angle; it was generally found possible to 
obtain at least two pairs of constant readings before opacity super- 
vened. 

Analyses of all the salts employed in this investigation, of a satis- 
factory character, were given in the former communication concerning 
the morphology of the series, so that there can be no question as to 
their purity or identity. 
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SALTS CONTAINING MAGNESIUM. 


Potassium Magnesium Sulphate, K,Mg(SO,)2,6H,0. 


The crystals of this salt cleave readily parallel to the orthodome 
r'{201), as stated by Topsde and Christiansen. The cleaved sur- 
faces yield sharp single images of the goniometer slit, and the circle 
reading corresponding was exactly 180° from that of the image 
afforded by the remaining r' face, in each of the cases investigated. 


Volume. 

' Relative Density.—Four determinations were made with four sepa- 
rate crops of clear, well-formed crystals, two being taken from each 
of two distinct preparations. Every individual crystal used to make 
up the quantity taken for each determination was verified by careful 
inspection of its faces with a lens, in order to avoid the possibility 
of any admixture with the sparingly soluble sulphate of potassium, 
which is apt to crystallise out if it is in the slightest excess. One 
preparation was that used for the goniometrical work described in 
the previous communication, and the other was an independent one 
similarly prepared by quantitative admixture of the pure component 
sulphates. The following results were obtained. 

Weight of salt employed. Sp. gr. at 20°/4°. 
3°3397 2°0274 
2°8918 2°0272 
42998 2°0279 
18775 2°0282 


Mean.... 2°0277 


Joule and Playfair obtained 2°053. Perrot obtained numbers 
varying from 2°018 to 2°075, affording as mean 2°04, 
M 402 
Molecular Volume.—~ = 3-028 
Distance Ratics (Topic Axes).—It was shown in the former commu- 
nication concerning the morphology that the axial angle 8 = 75° 12’ 
and 


= 198'23. 


a:b:c¢ = 07413: 1: 04993. 


Combining these with the molecular volume, as described in the 
introduction, we obtain for the distance ratios— 


xX: %:w = 60881 : 82128 : 41006. 
Optics. 


The optical properties of potassium magnesium sulphate were 
partially studied by Murmann and Rotter (loc. cit.). The plane of 
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the optic axes is the symmetry plane 6{010}, as is general throughout 
the series. 

Orientation of Axes of Optical Ellipsoid.—The directions of extinction 
in the symmetry plane were determined on two polished section- 
plates ground parallel to b{010}. Extinction occurred in the two 
cases at 1° 5’ and 1° 15’ respectively from the direction of the normal 
to c{001}, and on that side of the latter nearest the vertical axis ¢ of 
the crystal as indicated in the accompanying figure (Fig. 1). The 
mean value, 1° 10’, is taken to represent the direction of extinction. 
Murmann and Rotter give 1° 0’. 


9 ei 


Examination of section-plates ground perpendicular respectively 
to this direction, and to the direction at right angles to it in the 
symmetry plane, show that this is the direction of the second median 
line, the direction at right angles to it in the symmetry plane being 
the first median line. 

The double refraction, determined by means of a quarter undulation 
mica plate when examining in convergent polarised light the section- 
plate perpendicular to the first median line, and confirmed later by 
the relation of the three indices of refraction, is of positive sign, as 
stated by other observers. Hence the first median line is the mini- 
mum axis of the optical ellipsoid ¢, and the second median line the 
maximum a. The intermediate axis 6 is coincident with the sym- 
metry axis b. 

It was shown in the previous communication that the morphological 
axial angle ac is 75° 12’. Hence— 

The first median line ¢ makes an angle of 1°10’ with the crystallo- 
graphical axis a, and the second median line a makes an angle of 
13° 38’ with the vertical axis c, both median lines lying in the obtuse 
angle of the axes a and c. 

The first median line is also inclined 88° 50’ to the normal to 
c{001}, and 13° 38' to the normal to a{100}. Murmann and Rotter, 
using their value of ac, gave 1° 0’, 13° 55’, and 89° 0’ for the corre- 
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sponding angles. Topsde and Christiansen gave 0° 30’, 14° 25’, and 
89° 30’. 

In Fig. 1, and all the subsequent figures representing the orien- 
tations, the positions of the optic axes are indicated by small rings. 

Optic Axial Angle.—Three pairs of section-plates were ground and 
polished accurately perpendicular to the first and second median 
lines. ‘The plates obtained of the thickness stated in the introduc- 
tion gave excellent definition. The dispersion is very small, almost 
nil for the apparent angle in air as seen in white light, one of the 
brushes being colourless and the other very nearly so, being faintly 
bordered with red outside and blue inside. The small amount of dis- 
persion was clearly visible, however, when the monochromatic light 
apparatus was employed and the prism rotated so as to obtain light 
first from one end of the spectrum and then from the other. The 
accompanying tables give the results of the measurements of 2E, the 
apparent angle in air, of 2Ha, the apparent acute, and 2Ho, the 
apparent obtuse angle in monobromonaphthalene, and of the calcula- 
tions of the true angle 2Va therefrom. 


Determination of apparent Angle in Air of Potassium Magnesium 
Sulphate. 


Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Bisse seeped sant 72° 51’ 72° 35’ 72° 43’ 72° 43’ 
an ee eee Cee 72 52 72 36 72 44 72 44 
err 72 54 72 40 72 47 72 47 
Menace vdbe secede 72 56 72 43 72 51 72 50 
access etistese ee 72 59 72 47 72 56 72 54 


Determination of true Optic Awiul Angle of Potassium Magnesium 
Sulphate. 


No. of Observed No.cf Observed Calculated 
section values section values value Mean 
Nature perp. 1st of perp. 2nd of of value 
of light. medianline. 2Ha. median line. 2Ho. 2Va. of 2Va. 
fl 42° 16’ 107° 52’ 
13 107 53 
10 108 10 


15 107 50 
9 107 
5 108 


2 107 
54 107 
51 107 
46 106 
38 106 
35 107 


29 106 
F eeensee ; 19 105 
106 


48° 0’ 


47 59 


47 54 


SSSR SSo Bee Fw 


toe 
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The true angle was not determined directly by Murmann and 
Rotter, but was calculated from the acute angle in oil and the 
medium refractive index 8; the value thus obtained was 48° 21’, 
presumably for sodium light, As pointed out in the communication 
concerning the simple normal sulphates (loc. cit., 671), such calcu- 
lated values cannot have the value of direct observations with a 
complementary pair of sections. Murmann and Rotter state that 
the apparent angle in air is smaller for red than for blue, although 
no measurements for different colours were carried out, and that the 
true angle, judged from the observation in oil, is larger for red than 
for blue; this agrees completely with the above results. Topsde and 
Christiansen give 47° 59’ as the angle for sodium light. 

The order of dispersion of the optic axes was confirmed by an ob- 
servation in turpentine, whose index of refraction is only very slightly 
greater than the mean index of the crystals of this salt. The angle 
observed for C light was 47° 41’, for sodium light 47° 33’, and for 
thallium light 47° 26’. 

Dispersion of the Median Lines——The observation of the interfer- 
ence figure exhibited in turpentine by a section perpendicular to the 
first median line affords a means of ascertaining the dispersion of the 
median lines. This dispersion is so slight that the stauroscope affords 
no certain evidence of it. The figure in turpentine exhibits the 
inclined dispersion very clearly. One of the hyperbolic brushes is 
almost free from colour when white light is employed, while the other 
is fringed with blue outside and red within, indicatiug the greater 
inclination of the axes for red, and that one of the axes remains 
practically stationary for all colours. A careful series of determina- 
tions with the aid of the purest monochromatic light showed a dis- 
persion of this axis of only 3’, whilst the other was dispersed 18’, 
between C and Tl light. The median lines must therefore be dis- 
persed between Li and F, in accordance with the mean values derived 
above for the true angle (48° 0’ to 47° 40’), about 10’. On observing 
carefully the orientation of the section, which retained the natural 
faces on its edges unimpaired by the grinding, it was found that the 
axis which showed coincidence for all colours was the one which 
passed between the normals to a{100} and r{201} (nearer to the 
former), while the axis which showed dispersion was the one emerg- 
ing approximately normal to r’{201}. 

Hence the first median line lies nearer to the crystallographic axis 
a by about 10’ for red than it does for blue. This agrees with the 
observation of Murmann and Rotter, who record no measurement, 
however, of the amount of the dispersion. 

Effect of Rise of Temperature on the Optic Axial Angle.—The appa- 
rent angle in air was measured at 80° on Section 2. It was found to 
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be 75° 10’ for sodium light, the dispersion remaining about the same, 
Hence the apparent optic axial angle in air increases about 23° for 
60° rise of temperature. The section remained unimpaired at this 
temperature during the time occupied by the observation. 

Refractive Indices.—The indices of refraction were determined by 
means of six prisms, two being ground upon each of three clear and 
well-formed crystals, the directions being such that each prism 
yielded two indices, as described in the foregoing description of the 
method of work. The results are as follows. 


Determinations of Refractive Indices of Potassiwm Magnesium Sulphate. 


| 

Values of 
Topside 

and Chris- 
tiansen. 


“a Crystal 1, | Crystal 2, | Crystal 3, Mean 


light 2 prisms. 2 prisms. | 2 prisms. refractive 


Li ‘4581 | 1° | 
i} Cc ‘4585 | 
j| Na ‘4605 | 1° | 
1} Ty 4630 | 
: || #F ‘4655 
L ‘4698 
, 

| 

P 

) 

' 


a 
Vibrations 
parallel 2nd 
nm line 


*4602 
Vv sities aa 
parallel sym- “A652 
metr _" b ‘4677 


i -4720 


4729 
4733 
*4759 
“4780 
‘4810 
*4853 


yf 
Vibrations | 
parallel 1st } 

L 


median line 
c 


The intermediate index of refraction 8 (in a vacuum) is accurately 
expressed for any wave-length \ as far as F in the spectrum by the 
formula 


a = 14506 + $88 609 _ 1 727 900.000 000 4 


The « indices are very closely reproduced if the constant 1°4508 is 
diminished by 0-0022, and the 7 indices if the constant is increased 
by 0°0126, the closer approximation of the f values to those of 
determining the positive nature of the double refraction. 

The only indices of refraction given by Murmann and Rotter are 
four values of 8, namely, for red (no specific wave-length) 1°468, for 

2c2 
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yellow 1:470, for green 1:474, and for blue 1:476. These numbers 
are much too high, they are even higher than those of the rubidium 
salt, as determined both by the author and by Perrot, and it 
will be shown that throughout the series the indices of the 
rubidium salt are always higher than those of the potassium salt. 
The values given by Topsde and Christiansen are shown in the last 
column in the table; only the 8 indices were determined directly, 
and the indirectly determined values of a and y are seen to be 
considerably out of agreement with the directly determined indices 
now given. 

Alteration of Refraction by Increase of Temperature.—A number of 
determinations were made with three of the prisms at 70°. Owing 
to the rapidity with which efflorescence occurs when the crystals 
of this series are warmed the refracted images of the slit rapidly 
deteriorate, so that the same reliance cannot be placed on the ob- 
servations as at the ordinary temperature. Hence the complete 
series of numbers obtained for the various wave-lengths could not 
fairly be taken as evidence of minute changes of dispersion. But 
the whole series agree in indicating that each index of refraction 
is lowered about 0°0019 (the limits being 0°0015—0:0022) by a 
rise of 50° (from 18° to 70°) of temperature. 

Ratio of Axes of Optical Velocity Ellipsoid.—These ratios calculated 
from the reciprocals of the refractive indices for sodium light are 
as follows. 

a:b: ¢ = 1:0015: 1: 0°9915. 

The ratios calculated from the values for other wave-lengths are 
practically identical with these. 

Molecular Optical Constants.—The following are the refraction 
constants, calculated by means of the Lorenz formula, for the rays 


C and G. 


Axis of optical ellipsoid ............ a. bh. t. 
C. 0°1348 0°1353 0°1385 
G. 0°1377 0°1382 0°1415 


° ° e—l] 
Specific refraction, G+ Da = n { 
n—1 M_ - a 54°18 5440 55°66 


Molecular refraction, 4332" 
The dispersion constants are as under— 


Specific dispersion, tg — Mg...... eseeee 0°0029 0:0029 0:0030 
Molecular dispersion, mg — 116 0=6115~—=— 1°22 


G. 5534 55°55 56°88 


The following are the values of the molecular refraction calculated 
from the formula of Gladstone and Dale for the wave-length of the 
red hydrogen line C. 


ay vee 9097 91:40 93-86 


Molecular refraction, ” 
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As the refraction diminishes with rise of temperature, that is 
similarly to the density, all these values will remain sensibly con. 
stant for all temperatures at which the salt is capable of existing. 


Rubidium Magnesium Sulphate, Rb,.Mg(SO,).,6H,0. 


There is an excellent cleavage parallel, r'{201}. In the cases 
examined the cleaved surfaces yielded single sharp images of the 
goniometer signal, at exactly 180° from the remaining 7’ face. 


Volume. 


Relative Density—The following are the results of four determi- 
nations made with separate crops of well-formed crystals belonging 
to two different preparations. One of these preparations was that 
made for the goniometrical work previously published ; the other was 
a later preparation, the rubidium sulphate employed for which was 
supplied by Merck, as stated in the introduction, and ascertained to 
be of equal purity to the earlier stock. It was, moreover, several 
times recrystallised. 


Weight of salt employed. Sp. gr. at 20°/4°, 
3°5051 2°3773 
3°4360 2°3841 
4°2037 2°3818 
4°3690 2°3856 


Mean .... 2:3822 


Perrot obtained a mean of 2°41 at 15°, the individual determina- 
tions varying from 2°377 to 2°438. 


M 494°4 a 
Molecular Volume.— 7 = 333) = 207°56. 


Distance Ratios ——It was previously shown that the axial angle 8 
was 74° 1', and that 


a:b:c¢ = 0°7400: 1: 0°4975, 
Combining these with the molecular volume, the distance ratios 


obtained are 
X22 w = 61941 : 83705 ; 41643, 


Optics, 

Orientation of Axes of Optical Ellipsoid.—The directions of extinc- 
tion in the symmetry plane were determined stauroscopically with 
three section-plates ground accurately parallel to the symmetry plane 
b{01G}. The first two gave results differing so much from the 
direction found by Perrot that a third was ground upon an excellent 
crystal derived from the later preparation containing rubidium 


-angles in the symmetry plane is the first median line. The sign of 


perpendicular to the first median line. 
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sulphate from a different source. Perrot states in his 1890 memoir 
that the acute bisectrix makes an angle of abont 92°, in front, with 
the normal to the face (001), and in the 1893 memoir he gives 91° 30’, 
Instead of extinction occurring at 14° or 2° from the basal plane, 
the author’s crystals all indicated about 5°, as shown in Fig 2. 
The results were 


Section 1 ..... an oe 


OOO S ccsscd see co Oe 
Seetten 3 .cccukégisnes PH 


5 15 


po RE 


Fig. 2. 


As in the case of the potassium salt, the axis nearly perpendicular 
to the basal plane is the second median line, and the one at right 


double refraction is positive, as in the potassium salt. Hence the first 
median line is again ¢, the second median line a, and the intermediate 
axis b is coincident with the morphological axis b. The axial angle 
ac, as given in the last communication, is 74° 1’. The orientation of 
the axes may therefore be stated as follows. 


The first media line ¢ lies in the acute angle of the morphological 
axes a and c, and makes an angle of 5° 15’ with the axis a. 
The second median line a lies in the obtuse angle ac, and makes an 

angle of 21° 14’ with the vertical axis c. 


The first median line is also inclined 95° 15’ to the normal to c{001}, 
and 21° 14’ to the normal to a} 100}. : 

Optic Axial Angle—The following measurements of the apparent 
angle in air were obtained with three section-plates ground accurately 
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Determination of apparent Angle in Air of Rubidium Magnesium 
Sulphate. 

Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Li... cece cece veee 5’ 75° 15’ 25’ 75° 15’ 
OD crccccosccecs 0 75 10 20 75 10 
Na .csececesece 35 74 35 50 74 40 
Tl sccccccevece 74 O 20 74 10 
F nc cccece cece 30 73 «0 30 73 20 


Perrot gives 76° 40' for the apparent angle in red light. 

The following are the measurements of the apparent acute angle in 
monobromonaphthalene, carried out with the same three sections, and 
of the apparent obtuse angle in the same liquid, carried out with 
three section-plates ground perpendicular to the second median line, 
together with the values of the true internal angle calculated there- 
from. 


Determination of true Optic Axial Angle of Rubidium Magnesium 
Sulphate. 
No. of Observed No.of Observed Calculated 
section values section values values Mean 
Nature perp. lst of perp. 2nd of value 
of light. medianline. 2Ha. medianline. 2Ho. . of 2Va. 
1 43° 20’ la 108° 5’ 
ae 43 20 2a 107 35 49° 6 
43 15 3a 107 35 


43 15 la 108 O 
43 15 2a 107 30 
43 10 3a 107 30 


42 50 la 107 30 
42 45 2a 107 10 
42 50 3a 107 ‘5 


42 24 la 106 50 
42 25 2a 106 40 
42 15 3a 106 35 
41 50 la 106 0 
41 50 2a 106 _O 
41 50 3a 106 O 

Sections 1 and la were ground upon the same crystal, this being 
possible because of the very feeble double refraction, which necessi- 
tates thick sections in order to afford interference figures with small 
rings and well-defined brushes. 

Perrot obtained 50° 2’ for orange-red with one section, and 49° 30’ 
for yellow light with another, with the aid of the knowledge of the 
mean refractive index of the substance, 

Dispersion of the Median Lines.—The dispersion of the median lines 
is again too small to be measured with certainty by the stauroscope. 
It was determined by observation of the interference figures afforded 
by the sections perpendicular to the first median line in turpentine, 


5 | 
3 
3 | 
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whose refractive index is very near the mean of the indices of the 
crystal. The fact that the optic axial angle for red is greater than 
that for blue was confirmed ; one of the brushes was practically devoid 
of colour when observed in white light, whilst the other was coloured 
red on the inner side nearest the stationary axis, and blue outside. 
On measuring the angles for C and TI light, the readings for the 
axis whose brush is colourless in white light were found to be iden- 
tical, whilst those for the other axis differed by 16’. The constant 
axis was, as in the case of the potassium salt, the one nearly normal 
to a{100}, the movable axis being approximately normal to 7'{201}, 
and further removed from the median line for red than for blue. 

Hence the first median line lies nearer to the crystallographic axis 
a for blue than it does for red, and the amount of dispersion between 
Li and F would appear from the table to be about 20’. 

Effect of Rise of Temperature on the Optic Axial Angle.—Several 
measurements of the apparent optical axial angle in air were made 
at 80° for sodium light, and all the values obtained were within a 
third of a degree of 74° 40’, the angle at the ordinary temperature. 
Hence any change of angle for 60° rise of temperature falls within 
the limits of error of observation. 

Refractive Indices.—Six prisms were employed, three being ground 
on one and the same crystal, yielding one value of a, two of 8, and 


Determination of Refractive Indices of Rubidiwm Magnesium Sulphate. 


Rain | Mean | : 

of Crystal 1, | Crystal 2,| Crystal3, Crystal 4,| refrac- Perrot’s 

light. | 3 prisms.| 1 prism. | 1 prism. | 1 prism. tive values, 
- | index. | 


1:4646 
1°4650 | 
1-4672 

1°4695 | 
1°4724 
1-4762 | 


1°4664 
14668 | 
1-4689 | 1 
1:4713 | 
1°4748 | 
14782 | 


| 


Li 


a 
Vibs. par. : ‘ 


2nd me- < 
dian line || 2! 
a 


_B 
Vibs. par. j 
symmetry 
axis 5 (b) 


2 SeEae 
met ed fem bet fat fe ed et et 


hid SRSBes 


1°4'755 
1°4759 
1°4779 
1°4805 
1°4835 
1°4876 


4 
Vibs. par. 
lst me- < 
dian line 
c 
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three of , and the other three being ground upon three other sepa- 
rate crystals, The results are as follows. 

The intermediate index 8, reduced to a vacuum, is exactly ex- 
pressed, for any wave-length ) as far as F, by the formula 


B = 14592 + — 4. 1.105 200 000 000 , 


vf 

The @ indices ‘are also very closely reproduced by the formula if 
the constant 1°4592 is diminished by 00018, and the y indices if it is 
increased by 00091, the 8 indices being thus nearest to the a values, 
in accordance with the positive sign of double refraction. 

It will be observed that the indices given by Perrot agree very 
closely with the numbers now given. 

Alteration of Refraction by Increase of Temperatuwre.—Measurements 
with two prisms at 70° indicated that the indices are lowered by 
about 0°0015 for an increase of 50° of temperature, the dispersion 
remaining sensibly the same. 

Ratio of Axes of Optical Velocity Ellipsoid—The calculated values 
of these ratios are‘ 

a:b: ¢ = 10012: 1 : 09989. 
Molecular Optical Constants.—T hese are as follows. 

Axis of optical ellipsoid... ........eeeesececees a. b. ft. 
at. - ‘- 01161 01165 0°1185 
(n? + 2)d G. 01185 01190 01210 

. 7—1M C. 5742 5761 58°57 

Molecular refraction, ” 5 my 

gee da "LG, 5860 5882 59°80 
Specific dispersion, tg — Ng .....e.ee 0°0024 0°0025 0°0025 

Molecular dispersion, mg — Mc 118 1-21 1°23 


Molecular refraction, ” " lMe.... C9660 9697 98:86 


Specific refraction, 


These values will hold good for all temperatures at which the salt 
is capable of existing, as the refraction and density are similarly 
affected by change of temperature. 


Cesium Magnesium Sulphate, Cs,3Mg(SO,).,6H20. 


Among the large number of crops of cesium magnesium 
sulphate obtained for the purposes of the volume and optical 
work, several were observed to consist of crystals exhibiting well- 
developed faces of the orthodome 7(201) — 2Rco, a form not included 
in the list given for this salt in the previous communication con- 
cerning the morphology of the series (loc. cit., 350). There is a 
good cleavage parallel r'{201}, the fractures yielding well-defined 
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single images of the goniometer signal at exactly 180° to the 7’ face 
remaining on the part of the crystal examined. 


Volume. 


Relative Density —The following are the results of four determina- 
tions made with different crops of excellent clear crystals of this salt. 
Weight of salt employed. Sp. gr. at 20°/4°. 
44357 2°6694 
41772 2°6728 
4°5400 
3°0734 


Mean .... 


M 589°4 

Molecular Volume.— 7 = 367 

Distance Ratios—The axial angle 8 was previously shown to be 
72° 54’, and 


= 220°75. 


a:b:c¢ = 07279: 1 : 04946. 
Combining these with the molecular volume, we obtain 
xX: W:w = 62778 : 86246 : 42657. 


Optics. 

Cesium magnesium sulphate exhibits most interesting and excep- 
tional optical properties, including the phenomenon of crossed axial 
plane dispersion, accompanied by great sensitiveness of the optic 
axial angle to change of wave-length in the illuminating light and to 
temperature, together with remarkable refraction phenomena. It is 
very similar indeed to the case of normal rubidium sulphate described 
in the communication on the jnormal sulphates (loc. cit., 680), and 
the reason for these exceptional properties will be subsequently 
shown to be equally interesting and important when the three salts 
containing magnesium are compared. 

Orientation of Axes of Optical Ellipsoid.—The directions of extinc- 
tion in the symmetry plane were determined on two sections ground 
parallel to the symmetry plane 6{010}. Extinction occurs much 
further removed, forwards and downwards in the upper front octant, 
from the normal to the basal plane than in the rubidium and potas- 
sium salts, as represented in Fig. 3. The two sections indicated 
respectively extinction angles of 29° 40’ and 29° 35’ with the normal 
to c{001}. The mean value 29° 37' may be taken as representing the 
true extinction angle. 

On proceeding to grind section-plates perpendicular to the direc- 
tions of the two axes of the optical ellipsoid indicated by the extinc- 
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tion determination, it was found that the one nearest the normal to 
c{001} is, as in the other magnesium salts, the second median line, 
the other at right angles to this, also lying in the symmetry plane, is 
the first median line. This statement, however, as regards the second 


median line will be shown to hold only for light ranging from the 
red end of the spectrum to a wave-length in the blue between F and 
G; for rays beyond this, the symmetry axis }, the intermediate axis b 
of the optical] ellipsoid is the second median line. With this reserva- 
tion, the orientation of the axes may be stated in a similar manner to 
that of the potassium and rubidium salts. 


The double refraction is of positive sign, determined by the quarter 
undulation mica plate, and subsequently confirmed by the relations 
of the refractive indices. The axial angle, ac, was previously given 
(loc. cit.) as 72° 54’. The orientations are therefore as follows. 


The first median line ¢ lies in the acute angle of the morphological 
axes a and c, and makes an angle of 29° 37’ with the axis a. 

The second median line a lies in the obtuse angle ac, and makes an 
angle of 46° 43’ with the vertical axis c. 

The first median line is also inclined 119° 37' to the normal to 
c{001}, and 46° 43' to the normal to a{100}. 


Optic Axial Angle.—Section-plates perpendicular to the first: median 
line require to be very thick in order to afford well-defined inter- 
ference figures, owing to the extremely small double refraction. Three 
were ground of respectively 2, 44, and 5 mm. thickness, ‘the latter 
being about a suitable thickness. It may be usefal to briefly men- 
tion, as an example of how the section-plates were prepared during 
the whole of this work, the manner in which the crystals of cesium 
magnesium sulphate were adjusted upon the grinding instrument for 
the purpose of preparing the sections perpendicular to the first 
median line. The crystal was cemented upon the rotatable crystal 
holder, so that the well-defined zone of faces bgc (see previous memoir 
for figure, p. 350) was approximately vertical, and the face c about 
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parallel to the lower tangent screw of the graduated adjusting appa- 
ratus. The zone of faces was then adjusted by use of the gonio- 
metrical telescope and collimator, exactly perpendicular to the grind- 
ing plane, and the face c{001} exactly parallel to the lower tangent 
screw by adjustment of the rotatable cylinder of the crystal holder, 
Both these adjustments being perfected, the upper tangent screw, 
which was parallel to the normal to c{001}, was rotated for the 
extinction angle 29° 37' in the direction required by the foregoing 
data to bring the first median line perpendicular to the grinding 
table. The first surface of the section-plate was then ground, and 
the second surface subsequently, either by use of the arrangement for 
grinding a parallel surface or in a like manner to the first. 

The interference figure afforded by such a section of cesium mag- 
nesium sulphate in convergent polarised white light is quite different 
to that of the corresponding potassium and rubidium salts, and very 
similar to that of normal rubidium sulphate. It exhibits evidence of 
large dispersion of the optic axes; the hyperbolic brushes are broad 
spectrum bands with dark centres. When the monochromatic 
illuminator is used, it is observed that the brushes are separated 
about 25° for the extreme red, and approach each other more and 
more as the wave-length is diminished, until for a colour in the blue 
between F and G they unite in the centre, and the uniaxial cross and 
rings are produced ; further reduction of the wave-length then causes 
the brushes to separate in the direction at right angles to their former 
one, the second median line changing from the other axis of the ellip- 
soid lying in the symmetry plane to the morphological symmetry 
axis normal to the symmetry plane. 

In the photographic reproduction of the interference figures of 
normal rubidium sulphate, given opposite p. 691 of the communi- 
cation concerning the three normal sulphates (loc. cit.), Nos. 1, 2, 
3, 4, 5, 6, and 7 represent almost exactly what was observed. 
No. 1 resembles the figure for Li light when the small-angle polari- 
scopical goniometer used for exact measurements is employed, No. 2 
that for C light, No. 3 for Na, No. 4 for Tl, No. 5 for F, No. 6 for 
the wave-length in the blue for which the uniaxial cross is produced, 
and No. 7 the figure for G light, with the axes separated in the 
vertical plane. 

The following measurements of the apparent angle in air were 
obtained (p, 369). 

The measurements for G were carried out with the plate rotated 
90° in its own plane from the position occupied while making the 
measurements as far as F. The determination of the wave-length for 
which the uniaxial cross was produced was made by taking the read- 
ing of the prism circle of the monochromatic light apparatus for the 
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Determination of apparent Angie in Air of Cesium Magnesium 
Sulphate. 
Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
i 25° 50’ 
25 30 
22 50 


19 10 
13 15 


Wave-length 450. Coincident. Coincident. Coincident. Coincident. 
In plane 
ks =< soneseeee 12 O 13 O 14 30 13 10 | aire 
angles. 


coincident position of the optic axes, and ascertaining the corre- 
sponding wave-length from the curve referred to in the memoir 
describing the monochromatic light apparatus. The readiness with 
which this determination may be made is one of the great advan- 
tages of that apparatus. The prism circle reading was taken in each 
case first while the plate was arranged for the measurements in the 
symmetry plane, and again when arranged in the position at right 
angles, after the measurements for G light had been carried out. 
The mean of each pair was then taken, and as the three means were 
all very close together, the limiting wave-lengths being 446 to 454, 
the mean 450 is given as the wave-length for coincidence. 

The optic axial angle is too small to enable the obtuse angle to 
be seen through a plate perpendicular to the second median line, even 
in monobromonaphthalene. Hence the same plan has been adopted 
as was used in the case of rubidium sulphate of determining the true 
angle by observations of the apparent angle when immersed in two 
liquids whose refractive indices are very nearly, and the mean exactly 
equal to the mean refractive index of the crystal. Such liquids are 
turpentine (up = 1°48) and toluene (up = 1°491). 

The interference figures as seen in white light while immersed in 
these liquids are very beautiful. When the monochromatic illuminator 
is employed, the brushes are sharp and clearly separated for red light, 
with a section 5 mm. thick, and surrounded by several rings; as the 
light is changed through orange and yellow to green, they approach 
each other, and eventually coalesce for a shade of blue, forming a sharp 
uniaxial cross surrounded by several circles, and as violet is approached 
they again separate in the plane at right angles, as in case of the 
apparent angle in air. 

The measured angles are given in the following table. Sections 2 
and 3 were employed, Section 1 not being so thick, and the figures, 
therefore, not so clearly defined. 
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Determination of the true Optic Awial Angle of Cesium Magnesium 
Sulphate by Immersion in Turpentine and Toluene. 


Nature of No.of In tur- In Mean value 
light. section. pentine. toluene. Mean. of 2Va. 


i) 18°20’ 18°10’ 18° 15 agate, 

i Lise severe 8 1820 1760 °# 18 3} 18° 10 

HE 2 18 5 18 5 is 5 

ik Ci... 1% 18 10 17 40 17 55 18 0 

ny ty 

ie 2 16 50 16 30 16 40 In sym- 
i Pan °809 {3 16 20 1610 16 15 ahead Bo 4 
ii ' 2 14 50 14 30 14 40 ee 
Hi aah 3 14 20 13 50 14 5 14 20 

iz 2 12 10 12 0 12 5 

i Fie {3 1040 1020 10 90f 2 val 
Wave-length ; 

i i in blue. 2 and 3. Coincident. Coincident. 

i l 6 C) , te) , ) , In plane 
| 2 6° 20 6° 40 6° 30 wnteF 
i sede bi di {3 7 20 q 40 7 30 ¥ .¢) at right 
H | angles. 
ht 


| The readings of the prism circle for the wave-length in the blue 
Ht for which the axes coincided with the first median line were as 


| follows. 

i Mean 

i prism cirele 

| \ In In reading for 

i turpentine. teluene. Mean. coincidence. 
| Section 2.... 6° 35’ 6° 45) 6° 40’) > 9) 
Section 3 .... 6 10 6 0 6 5 


| The reading 6° 22' of the prism circle corresponds to the passage 
! of light of the wave-length 450 through the exit slit of the mono- 
; chromatic light apparatus, the same as was found for the production 
! of the uniaxial figure in air, and for this wave-length the crystals of 
cesium magnesium sulphate simulate the optical properties of uniaxial 
crystals. 

Dispersion of the Median Lines.—As is the case with the optic axial 
angle, the order of dispersion of the median lines is exceptional for 
b this salt. The differences between the readings for each axis indicate 
that the first median line is nearer to the crystallographic axis a for 
b lithium light by about 20’ than it is for F light. The dispersion of 


each axis is large, and is largest for the one lying nearest to the 
crystallographic axis a. 

i Effect of Rise of Temperature on the Optic Axial Angle.—The optical 
behaviour of the crystals of this salt when their temperature is raised 
i i is particularly-interesting. Both plates 2 and 3 were heated, and the 
phenomena carefully followed. As soon as the temperature begins to 
rise, the axes commence to approach each other. At 50°, with both 
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lates, the axes coalesced and the uniaxial cross was produced for F 
light, At 70°, the cross was produced for Tl light, the axes being 
dispersed for F light in the vertical plane at right angles, while for 
Na light they were still separated in the horizontal plane by 12° 40’, 
for C light by 17° 5', and for Li light by 18° 0’. At 85°, the axes 
were united to form the cross for Na light, The valuable section 3 
of 5 mm. thickness was not heated higher, but section 2 was further 
studied. At 100°, the axes were crossed for C light, and finally at 
103° the uniaxial cross was produced for Li light, the dispersion of 
the axes occurring now entirely in the vertical plane. For the short 
time at which the temperature was maintained so high the crystal 
was not perceptibly injured. On cooling, the phenomena recurred in 
the reverse order, but it was found, on again measuring the angles at 
the ordinary temperature some days afterwards, that the separation 
of the axes had been permanently diminished by about 40’, and on 
heating again the cross was produced for the various colours at 
slightly lower temperatures than on the occasion of the first heating. 

Refractive Indices.—The exceptional optic axial angle phenomena of 
cesium magnesium sulphate, resembling the phenomena presented by 
rubidium sulphate, although a more extreme case, is due to a similar 
cause to that obtaining in the case of the latter salt; namely, 
double refraction so feeble that one of the extreme axes of the 
optical ellipsoid falls nearly coincident with the intermediate axis 
b. The double refraction being positive, and the first median 
line consequently being ¢, the minimum axis of the optical ellip- 
soid, it is the maximum axis a which is nearly coincident with 
b. The similarity of the cases of Rb,SO, and the salt now under 
discussion indicated the probability of this, and that it is the fact 
was at once revealed on examination of a prism ground so as to 
furnish the two refractive indices a and A, corresponding to the two 
axes aand. Such a prism, asin the case of Rb,SQ,, exhibited only 
one refracted image of the slit instead of two as usual. This image, 
however, had the peculiarity shown by the analogous one of rubidium 
sulphate that it remained visible in all positions of the nicol prism 
carried in front of the eyepiece of the spectrometer. It was, in fact, 
acase of two overlapping images, one extinguishing at 0° and the 
other at 90°. On replacing the ordinary eyepiece by the higher 
power eyepiece and illuminating with C light, two images were 
distinctly seen, differing in position by one minute of arc, correspond- 
ing to a difference of 0°0002 in refractive index. This difference dimi- 
nished with the wave-length of the illuminating light, and for F light 
the two images were absolutely coincident as far as observation could be 
carried. This is in accordance with the optic axial angle phenomena, 
for beyond F, for wave-length 450, a and 6 are coincident and the 
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crystal] is apparently uniaxial. Beyond this the directions of a and b 
are reversed, the symmetry axis b is no longer 6 but a, and gives the 
least refractive index «. Unfortunately, G light is relatively so weak 
in luminosity that an observer cannot be quite sure of a difference of 
l’ in position of the G images, but there can be no doubt whatever 
that the two images will be again separated, and that the one which 
was formerly right will now be left, and vice versa. 

Three such prisms were ground, and the phenomena were identical 
. with each. They were ground so that the refracting edge in each 
| t case was parallel to the symmetry axis b, and the faces equally 

i] 


inclined to the plane containing this axis b (optical ellipsoidal axis h) 
and the axis a of the optical ellipsoid. Hence the image which ex- 
tinguished at 0° of the nicol was that affording 2, and that extinguish- 
ing at 90° gave 8. Three other prisms were likewise ground affording 
A and ¥. 

In order that there should be no doubt whatever about the relative 
values of a and £, calculations have been made of the value of 2, 
assuming the accuracy of 8 which was afforded six times by the 
|| prisms and the mean value of which is therefore indubitable, from 
Hf || the measured values of f, +, and the optic axial angle 2Va by means 
He | of the formula 


ie || a= 
i iJ 
| cos Va = f 


= 
—T- 
a + 


| Such a calculation, as shown in the case of rubidium sulphate, affords 
| accurate information. 

The results of the calculations, assuming A, = 1°4830 and By, = 
| 1°4912, are 

Til a, = 1°48286 and ay = 149122. 

Hence « and £ differ by between 0°0001 and 0:0002 for lithium light, 
and the amount of difference diminishes until the two values become 
identical for F light. For G light a and A in the reverse positions 
it differ by about 0°0001. This is in accordance with what was actually 
| observed for C, Na, Tl, and F light. 

The following (p. 373) is the table of refractive indices embodying 
the results of the measurements, confirmed as regards « by the 
above calculations. 
if The intermediate index f, reduced to a vacuum, may be expressed 
my || for any wave-length as far as F by the following general formula. 
i 8 = 14706 + oe _ 4 793 aed 000 600 , 
i The @ index is given by diminishing the B value by 0°0002 as far as 
C,0°0001 between C and T', and is identical with 8 beyond this up to 
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F. The y index is given by increasing the constant 1°4706 by 0°0058. 
This is thus an extreme case of positive double refraction, the a and 
f indices being so close together as to actually coincide for certain 
wave-lengths. 


Determination of Refractive Indices of Cesium Magnesium Sulphate. 


| Direction of Nature Crystal 1, Crystal 2, | 


| 
AT 0 : seg 
| vibrations. | light. 2 mend 1 prism. | 2 prisms. | 1 prism. 


| Mean 
Crystal 3, Crystal 4,) refractive 


| index. 


Index. 


| 
r Li | 1°4833 | 1° | 174823 | 14828 
| Parallel a ‘10 4837 | 1° | 1°4827 “i 1°4832 
| median line |4.Na | 1°4861 | 1° | 14853 | 14857 
lying in sym- | ; re | 3 -aa77 | 
pow lane Tl 4883 4877 | 14880 
4 yP F 1°4916 | 1: | 14906 1-4912 
Parallel sym-| 


metry axis, b, | 4964 | | 1°4950 14956 


now 2nd 
| median line | 


| 
| 


{| | (Li *4835 | 1° *4825 . 1°4830 

| Parallel s C | 14889 | 1°483: . ‘ 1°48384 
ym- ARRS ; ane ' ; 

‘metry axis, 6.) NO | 1 “480° 14858 


{1 ‘4885 (1° : . | 1°4881 
| F °4917 | 1° : ’ | 1°4912 
In symmetry 
plane at right 
angles to Ist 

| (Li 

I 

4 


(| median line 


4962 | “495 14957 


| ‘4889 | 4887 | 1-4888 | 14888 
, 4893 / 14892 © 1-4892 
Been 4916 (14915 = 14916 

Y yg tome "4942 | 1°4938 | 14940 
7 4972 ‘4970 | 1°4969 | 1.4970 

| 15020 | 1°5011 | 15015 

| 


Alteration of Refraction by Increase of Temperature.—Measurements 
at 70° indicated that the indices are lowered by about 0°0016 by an 
increase of 50° in temperature. The prisms affording the values of 
a and f exhibit coincident images at 70°, even when examined with 
the high power eye-piece, as would be expected from the optic axial 
angle phenomena at this temperature. For wave-lengths beyond the 
green thallium line the a vibrations are parallel to the symmetry 
axis b and the # vibrations oscur in the symmetry plane. 

Ratios of Axes of Optical Velocity Ellipsoid.—These ratios calculated 
for sodium light are 


a: 6: ¢ = 10001 : 1: 09961. 
The closeness of the relative values of the first two axes is very 


clearly manifested by these ratios. 
VOL. LXIX, 2D 
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Molecular Optical Constante.—The following are the calculated 
values of these constants. 


Axis of optical ellipsoid... ........seseeees a. b. t. 
, , oe | C. 01071 01071 0:1082 
srefraction, —” = es { 
wiemiogecmes IE * ie G. 01094 01094 01105 
nt — 1 8. 6311 6315 63:78 
n+2° G. 6449 6450 65:14 
Specific dispersion, %g — Ng .-+e-.eeee+e 00023 0°0023 0:0023 
Molecular dispersion, mg — 1°35 1°36 
a C. 106-76 106-80 108-08 
These values will be independent of temperature as the refraction 
diminishes with the density. 


Molecular refraction, m 


_—-t 
Molecular refraction, — 


SALTS CONTAINING ZInc. 
Potassium Zinc Sulphate, K,Zn(SO,)2,6H,0. 


There is a perfect cleavage parallel r’'{201}, ‘the cleaved surfaces 
affording sharp single images of the goniometer slit, at precisely 180° 
to the r’ face present on each fragment. 


Volume. 


Relative Density.—The following four determinations were made. 


Weight of salt employed. Sp. gr. at 20°/4°, 
4°1195 2°2399 
3°7180 2°2426 
46208 2°2402 
4°3405 2°2426 


Mean ...... 2°2413 
Perrot obtained 2°245 at 16°; Joule and Playfair gave 2°24. 
, M = 58 — 19768 


Molecular Volume.—— at Vuh 
Distance Ratios—The axial angle B was previously shown to be 
75° 12’, and 
a:b: ¢= 07418: 1; 05044. 


Combining these with the molecular volume, the calculated distance 
ratios are 


xr%:w = 60618 : 81773 : 41247, 


Optics. 
Orientation of Azes of Optical Ellipsoid.—Two section-plates, 
ground parallel to the symmetry plane, exhibited the following ex- 
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tinction angles with respect to the normal to the basal plane c{001}, 
the direction being behind the normal nearer to the vertical axis ¢ of 
the crystal, as indicated in Fig. 4. 


Murmann and Rotter gave 4° 43’, 

The axis of the optical ellipsoid nearly normal to the basal plane 
is again the second median line, and as the sign of double refraction 
is positive, this axis is a; the direction of extinction at right angles 
to this in the symmetry plane is the minimum axis of the ellipsoid 
¢, and is the first median line. The symmetry axis b is again the 
intermediate axis 6. As the axial angle ac was shown in the former 
communication to be 75° 12’, the orientation of the axes is as follows. 


The first median line ¢ lies in the obtuse angle of the axes ac, and 
is inclined 4° 30' to the axis a. 

The second median line a lies also in the obtuse angle ac, and is 
inclined 10° 18’ to the vertical axis c. 

The first median line is also inclined 85° 30’ to the normal to 
c{001} and 10° 18’ to the normal to a{100}. 


Optic Axial Angle——The following measurements of the apparent 
angle in air were made with three excellent sections ground perpen- 
dicular to the first median line. 


Determination of apparent Angle in Air of Potassium Zine Sulphate. 


Nature of light. Section 1. Section 2, Section 3, Mean 2E. 
kena ehss oes 112° 14’ 112° 24 112° 14’ 112° 17’ 
112 16 112 26 112 16 1i2 19 
112 24 112 36 112 26 112 29 
112 33 112 46 112 36 112 38 
112 45 112 58 112 48 112 50 

202 
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The angle given by Murmann and Rotter is 114° 14’, and by 
Perrot 114°. 


Determination of true Optic Axial Angle of Potassium Zinc Sulphate. 


No. of Observed No.of Observed Calculated 
section values section values value 
Nature perp. Ist of perp. 2nd of 

of light. medianline. 2Ha. wmedianline. 2Ho. 
11’ la 
|S ae 60 25 Qu 
26 3a 
9 la 
22 2a 
24 3a 
54 la 
7 2a 
10 3a 
39 la 
51 2a 
51 3a 
21 la 
59 30 2a 
59 3l 3a 
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Monobromonaphthalene was the immersion liquid employed. 

Very accurate measurement is required, using sections of sufficient 
thickness (2 or 3 mm.) to afford very small rings and fine brushes, in 
order to be certain of such a small amount of dispersion. A most 
valuable indication of the true order of dispersion of this salt is 
afforded by observations of the angle in turpentine and in toluene, 
whose refractive indices are only slightly lower and higher respec- 
tively than the mean refractive index of the crystal. As measured in 
toluene, the angle for red is indubitably larger than for blue, and 
by about 20’. 'n turpentine scarcely any difference is perceptible. 
Hence the true angle is certainly largest for red light,and the crder 
of dispersion given in the table is confirmed. 

Murmann and Rotter give 69° 5', without stating the order of 
dispersion. Perrot gives 69° 3' for C, 68° 20’ for Na, and 68° 37' for 
F, the tendency being for red to be greatest. 

The angles calculated from the three refractive indices of the crystals 
are not trustworthy unless the indices are absolutely correct to the 
fourth decimal place, as shown in the communication concerning the 
simple sulphates. As this cannot be guaranteed, and in all prob- 
ability the possible error amounts to 0°0002 after the most elaborate 
precautions, such calculations are useless for the purpose in view. 

Dispersion of the Median Lines.—In turpentine, the optic axes both 
exhibit dispersion in the same direction, the hypobolic brushes being 


POTASSIUM, RUBIDIUM, AND CESIUM. 377 


fringed with colour in the following order, assuming the obtuse 
angle of the morphological axes, ac, to be on the left hand, 


red | blue lst M.L. red | blue. 


The axes being dispersed inversely as the order of the fringes, the 
first median line is evidently slightly on the left of the central line 
for blue and on the right for red. As regards the relative amount 
of dispersion of each axis, there is no appreciable difference. In 
toluene, the axis on the left exhibits no coloured fringes, the other 
being as in turpentine ; thus 


no colour | no colour Ist M.L. red | biue. 


Here again, however, the first median line for blue is evidently 
left of its position for red. Hence there can be no doubt that this 
represents the order of dispersion of the median lines. The true dis- 
persion at each axis will be intermediate between the two cases, and 
nearer to the arrangement for toluene, whose refractive index is 
nearer the mean index of the crystal. 

The first median line is consequently dispersed so as to lie a few 
minutes nearer to the crystallographic axes a for red than it does for 
blue, and the optic axis lying in the obtuse angle of the morpho- 
logical axes ac is nearly coincident for all colours. 

It is worth noticing the considerable difference between the in- 
dications as regards the latter optic axis in turpentine and in toluene, 
showing, as it does, how misleading the observations in either alone 
might be, and the care required in the choice of immersion liquids 
for this purpose. 

Effect of rise of Temperature on the Optic Axial Angle.—Section 3 
was heated to 90° and measurements of 2E were made at this 
temperature. The angle for sodium light was 115° 12’. Hence the 
optic axial angle increases nearly 3° for 70° rise of temperature. 

Refractive Indices.—The results of the determinations of refractive 
index with six prisms ground upon five different crystals are given 
on p. 378; in the last column the values obtained by Perrot are 
given. 

lt is satisfactory to note the close agreement of Perrot’s values 
with those now given. Murmann and Rotter give somewhat different 
values, for C they are « 1°476, 8 1-480, and y =1°489; the y value is 
particularly incorrect. 

The mean refractive index of potassium zinc sulphate, corrected to 
a vacuum, is accurately expressed by the following formula for any 
wave-length \ as far as F. 

609 571 _ 3 444 700 000 000 


B , 1°4690 + — 


2 rt ~ . . 
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As the dispersion differs appreciably for the three indices, the a and 
q values are not so closely reproduced as usual by the same formula 
by diminishing and increasing the constant 1°4690 by fixed amounts ; 
they are, however, on the average less and greater respectively than 
the 8 values by 0:0058 and 0°0136, the 8 indices being nearer to the 
a in accordance with the positive nature of the double refraction. 

Alteration of Refraction by Rise of Temperature—From measure- 
ments carried out at 70° with a pair of prisms, it appears that the 
indices are diminished by about 0°0018 for 50° rise of temperature. 

Ratio of Axes of Optical Velocity Ellipsoid.—The calculated values of 
these ratios are 


a: 6: ¢ = 1:0039 : 1 : 0°9909. 
Molecular Optical Constants.—These are as follows— 


Axis of optical ellipsoid ...........005 0000 a. b. t. 
, . m—1l _ C. 01258 01271 01301 
Specific refraction, 7g =" ++ 1G. 01283 0-1298 0-1328 
_ w@—1l M_ C. 55°72 5629 57°61 
Molecular refraction, Jaa'a" n { G. 5686 57-48 5884 
Specific dispersion, tg — Ng . 0:0025 0°0027 0:0027 
Molecular dispersion, tg — Mc 1°14 119 1:23 


Molecular refraction, ™ . C. 9402 95:14 97°77 


As rise of temperature affects density and refraction in like manner, 
these values will be independent of temperature. 


Rubidium Zinc Sulphate, Rb,Zn(SO,)2,6H,0. 


There is a good cleavage parallel, r'{201}. The fractures were 
found to yield clear reflections of the goniometer signal at exactly 
180° in each case to the remaining 1’ face. 


Volume. 


Relative Density.—The following are the results of four determina- 
tions of the density with different crops belonging to two entirely 
independent preparations, containing rubidium sulphate from the 
two different sources previously alluded to. 


Weight of salt employed. Sp. gr. at 20°/4°. 
4°7593 2°5817 
4°5051 2°5839 
51428 2°5817 
5°1740 2°5888 


Mean.... 2°5840 
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Perrot obtained values ranging from 2°573 to 2°610, and gives the 


mean as 2°595. 
Molecular Volume —* = =e 
Distance Ratios —It was shown in the former communication that 
the axial angle f is 74° 7’, and 
a:b:c = 0°7373:1:0°5011. 
Combining these with the molecular volume we obtain 


xX: Ww: w = 61596 : 83543 : 41863. 


Optics. 
Orientation of Axes of Optical Ellipsoid.—The extinctions on two 
sections parallel to the symmetry plane with respect to the normal 
to the basal plane were 


Section 1 
Section 2 


The direction is forwards as shown in Fig. 5. 

The axis of the optical ellipsoid which is nearly normal to c{001} 
is again the second median line, and the axis at right angles to this 
in the symmetry plane is the first median line. 

The sign of double refraction is positive, as usual for the series, a 
fact confirmed by the quarter undulation mica plate, and by the 
relations of the refractive indices. Hence the orientations may he 
stated as follows, having regard to the fact previously shown that the 
axial angle ac is 74° 7’. 

The first median line ¢ lies in the acute angle of the morphological 

axes ac, and makes an angle of 0° 50’ with the axis a. 
The second median line a lies in the obtuse angle ac, and makes an 
angle of 16° 43' with the vertical axis c. 
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The first median line is also inclined 90° 50’ to the normal to 
c{001} and 16° 43’ to the normal to a{100}. 


Perrot gives 90° 30' as the inclination of the first median line to 
{001}. 

Optic Axial Angle-—Three admirable pairs of plates were obtained 
by grinding, perpendicular to the first and second median lines. 
The angle in air is very large, and accurate measurements are only to 
be obtained with large and perfectly transparent sections. The 
following are the results. 


Determination of the apparent Angle in Air of Rubidium Zine Sulphate. 


Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Ta coccceccccce 125° 44’ 125° 34’ 125° 36’ 125° 38’ 
125 45 125 35 125 38 125 39 
125 50 125 42 125 45 125 46 
ones 125 55 125 50 125 53 125 53 
$00.00 00 0-08 1606 126 5 126 0 126 5 126 3 


Perrot gives 128° for the angle in white light. 


Determination of true Optic Axial Angle of Rubidium Zine Sulphate. 
No. of Observed No. of Observed Calculated 


section values section values values 
Nature perp. Ist of perp. 2nd of of 
of light. medianline. 2Ha. wmedianline. 2Ho. 2Va. 
la 91° 52’ 
Bd. e ccs 2a 92 1 
3a 91 56 


la : 46 
re 2a 91 57 
3a 50 


la 24 
Mess i. 2a 33 
3a 29 


la § 1 24 
en) a 26 } 73 27 
3a 4 30 
la 32 12 
2a 27 18+ 78 18 
3a 90 30 24 i 

Monobromonaphthalene was employed as the immersion liquid. 

Perrot indicates an optic axial angle of 74—75°. 

Dispersion of the Median Lines.—The interference figure in toluene, 
whose index of refraction is identical with the mean index of the 
crystal, indicates that the optic axis which emerges between a}100} 
and 7{201}, is nearly coincident for all colours, whilst the other axis 
not far from normal to’ r'{201} is dispersed about half a degree 
between Li and F, and for red is further removed from the crystal- 
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lographic axis a than for blue, which agrees with the amount of dis- 
persion indicated in the above table of measurements. Hence the first 
median line is dispersed about 15' between Li and F, and lies for blue 
nearer to the crystallographic axis a than it does for red. 

Effect of Rise of Temperature on Optic Axial Angle.—Section 1 was 
heated to 70°, and the angle for sodium light found to be 127° 0’, 
Hence the apparent angle in air increases about 1}° for 50° rise of 
temperature, 

Refractive Indices.—The following are the refractive indices, de- 
termined by means of six prisms ground upon fonr crystals. 


Determination of Refractive Indices of Rubidium Zinc Sulphate. 


Mean 
Crystal 1, | Crystal 2, | Crystal 3,| Crystal 4,| refrac- |Perrot’s 
1 prism. | 2 prisms.| 2 prisms.} 1 prism. | tive | values. 
index. 


1°4807 _ 
1°4811 | 1°4806 
1°4833 | 1°4833 
1°4857 
1°48386 
1°4929 


a 
Vibs. par. 
2nd me- 
dian line 
a. 


bed et ed et 
eee 


4855 i 1°4856 
*4860 436: 1°4860 
“4883 . ‘ 1°4884 
“4907 % : 1°4908 
*4936 . ? 1°4938 
4978 1°4980 


B 
Vibs. par. 
symmetry 
axis 5 (b) 


tt et et 


*4948 . 1°4947 
"4952 1°4951 
“4976 . 1°4975 
“5002 1°5001 
"5034 15033 
“5078 1°5078 


Y 
Vibs. par. 
1st me- 
dian line 
c 


et 


The intermediate index f, corrected to a vacuum, is expressed for 
any wave-length \ as far as F by the formula 


p= 14742 + = __ 8 323 = 000 4 

The a indices are reproduced by the formula to within one or two 
units in the fourth decimal place if the constant 1°4742 is diminished 
by 0°0051, and the indices if it is increased by 0°0092. The smaller 
amount of the former difference determines the positive nature of 
the double refraction. 


Alteration of Refraction by Increase of Temperature-—The indices 
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were determined upon two prisms at 70°, and found to be about 
0:0012 lower at this temperature than the values above given. 

Ratio of Axes of Optical Velocity Ellipsoid.—The values calculated 
from the refractive indices are as follows. 


a:b: ¢ = 1:0034: 1: 09939. 


Molecular Optical Constants—The calculated values of these con- 
stants are as under. 


Axis of optical ellipsoid .........00eseeeee a. b. c. 
eal “~ a 01102 01112 01130 
(n? + 2)d “LG. 01125 01135 01154 
v=) M —— a 59°02 59°53 60°48 
n>+2 d G. 60°25 60°78 61°79 
Specific dispersion, ng — m¢ 0°0023 0°0023 0:0024 
Molecular dispersion, mg — ttc 1:23 1°25 131 
Molecular refraction, a! M © 99:77 100-78 10267 


C 


Specific refraction, 


Molecular refraction, 


These values will be independent of temperature, as the refraction 
has been shown to diminish as the temperature rises, and the density 
is similarly affected. 


Cesium Zinc Sulphate, Cs,Zn(SO,)2,6H,0. 


There is a well-defined cleavage parallel to the orthodome r'{201}, 
The cleaved surfaces afford sharp images of the goniometer signal at 
180° in each case from the residual 7’ face. 


Volume. 


Relative Density.—The following four determinations were made 
with crystals belonging to different crops of the two independent 
preparations. 

Weight of salt employed. Sp. gr."at 20°/4°. 
4°4625 2°8668 
5°1008 2°8707 

* 36943 2°8652 
3°5480 2°8652 


Mean.... 2:86'70 


Perrot obtained numbers varying from 2°826 to 2-888, and ascribes 
2°88 as the true density. 
Molecular Volume—" = con = 219°88. 
Distance Ratios.—The axial angle ac was shown in the former com- 
munication to be 72° 59’, and the axial ratios 
a:b:c¢ = 07274: 1: 0°4960. 
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Combining these with the molecular volume, we find 
X: Ww: w = 62598 : 86058 : 42684. 


Optics. 
Orientation of Azes of Optical Ellipsoid.—The extinctions on two 


section-plates ground parallel to the symmetry plane with respect to 
the normal to the basal plane were 


Section 1 12° 50’ 
Section 2 


Mean.... 13 15 


Fia. 6. 


ae 


The direction is forwards, as clearly represented in Fig. 6. 

The axis near the normal to c{001} is, as usual in the series, the 
second median line, the other axis of the optical ellipsoid which lies 
in the symmetry plane being the first median line. 

A quarter undulation mica, and the relations of the three refractive 
indices, indicate a positive sign of double refraction, and with the 
knowledge of the axial angle ac, previously shown to be 72° 59’, the 
orientations work out as follows. 


The first median line ¢ lies in the acute angle of the morphological 
axes ac, and is inclined 13° 15’ to the axis a. 

The second median line a lies in the obtuse angle ac, and is in- 
clined 30° 16’ to the vertical axis c. 

The first median line is also inclined 103° 15’ to the normal to 
c{001}, and 30° 16’ to the normal to a{100}. 


Perrot gives 112° as the inclination of first median line to {001}, a 
much larger angle than that exhibited by the author’s crystals. 

Optic Axial Angle.—The following measurements were obtained with 
three pairs of sections ground perpendicular to the first and second 
median lines. The angle in air is so large that only two of the sec- 
tions exhibited it sufficiently clearly. 
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Determination of apparent Angle in Air of Cesium Zine Sulphate. 


Nature of light. Section 1. Section 2. Mean 2E. 
Li cecccoccccccvces 131° 20’ 131° 16’ 131° 18’ 
131 10 131 10 131 10 
130 3 130 40 130 35 
129 52 130 8 130 O 
129 10 129 20 129 15 


Determination of true Optic Axiul Angle of Cesium Zine Sulphate. 


No. of Observed No. of Observed Calculated 
section values section values values 
Nature perp. lst of perp. 2nd of of Mean 
of light. median line. 2Ha. median line. 2Ho. 2Va. 
66° 59’ la 92° 45’ 
66 42 2a 92 55 74° 30’ 
57 3a 106 14 
55 la 92 43 
38 2a 92 52 74 27 
51 Ra 106 18 


15 la 92 24 

] 2a 92 32 
37 3a 106 25 
37 la 92 12 
33 2a 92 17 
11 3a 106 38 


la 91 55 


2a 91 50 7 — 73 31 
8a 106 54 73 34 


to 
for) 


74 il 


to D 


BS & 


73 52 


| 
ra 


The two first pairs of sections were measured in monobromonaph- 
thalene, and the third pair in toluene, the results confirming each 
other admirably. Perrot gives for the angle 78° for white light, but 
it was not determined directly. 

Dispersion of the Median Lines.— Additional observations of the in- 
terference figures were made in cedar oil (up = 1520) and benzene 
(#p = 1:507). The mean of the indices of toluene and cedar oil is 
approximately equal to the mean refractive index of the crystal, and 
the index of benzene is also about the same mean value. The 
phenomena in the latter liquid are consequently, and were actually 
observed to be, the mean of the phenomena exhibited in the two 
former liquids, and may be taken as representing the true character 
of the dispersion of the two optic axes, and hence of the first median 
line. 

In benzene the two axial brushes are observed to be about equally 
friuged with colour in the following symmetrical order. 


blue | red Ist M.L. red | blue 


Moreover, the differences of the readings for red and blue light at 
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each axis were found to be each about 25’. Hence the median lines 
in this salt exhibit no appreciable dispersion. 

Effect of Rise of Temperature on the Optic Axial Angle.—The appa- 
rent optic axial angle in air was determined at 70° with Section 1 in 
sodium light, and found to be 128°, Hence 2E decreases about 24° 
for 50° rise of temperature. 

Refractive Indices.—The following are the results of the measnre- 
ments with six prisms ground upon four different crystals. 


Determination of Refractive Indices of Cesium Zine Sulphate. 


Nature Mean 
~~ of Crystal 1, Crystal 2, | Crystal 3, | Crystal 4,| refrac- | Perrot’s 
; liol 2 prisms. | 2 prisms.| 1 prism. | 1 prism,| tive | values. 
ight index. 
’ 

(| Li 1°4993 | 1°4989 | 174999 — |1-4904; — 

Vibs. par.|| © 1°4997 | 1°4993 | 1°5008 — |1-4998| 1-4997 
hc a | Na 15022 | 1°5019| 1°5026 — |1-5022 | 15020 
dian line || 2 1°5046 | 1°5042| 1°5053 — |1:5047; — 
Tr iG 15079 | 1°5076| 1°5083 — |1°5079 | 1-5080 
- 6h 1°5127 | 1°5123| 1°5124| — |18125/ — 
Li 15020 | 1°5016 — 1°5023 |1°5020; — 

[ C 1°5024 |. 1°5020 _ 1°5027 | 1-5024 | 1 -5025 

Vibs. par.}| Na 1°5049 | 15045 _ 1°5050 | 1-5048 | 1°5049 
symmetry)| Tl | 1:5073| 1°5069,; — | 1°5076|1-5073| — 
axis  () || F 1°5105 | 1°5100 _ 1°5107 | 1°5104 | 1°5107 
U G 1°5154 | 1°5147 — 1°5153 }1°5151 | 1 — 

| Li 1°5063 | 1°5060| 1°5068| 1°5066|1°5064| — 

Vibs.. ned 1°5067 | 1°5064 | 1°5073 | 1°5070 | 1°5068 | 1°5070 
ot ; Na 1°5092 | 1°5089 | 1°5098 | 1°5093 | 1-5093 | 1-5095 
dian line || 2 1°5118 | 1°5114| 1°5124] 1°5120|1-5119| — 
—e si 2 1°5150 | 1°5147 | 1°5158| 1°5153 | 1°5152 | 1°5154 
. (| @ | 15199 | 1°5195 | 175208 | 1°5198|1-5199 | = — 


The intermediate axis 8, reduced to a vacuum, is accurately repre- 
sented as far as F’, for any wave-length \, by the formula 


stink + Se _ Se ae 


The a indices are reproduced if the constant 1:4914 is diminished 
by 0°0026, and the values if it is increased by 0°0045. The former 
difference being the smaller, determines the positive nature of the 
double refraction. 

Alteration of Refraction by Increase of Temperature.—Measurements 
with two of the prisms at 70° indicated that the indices are diminished 
about 0°0016 for 50° rise of temperature, the limits being 0'0013 to 
00018 


+ eerece 
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Ratio of Axes of Optical Velocity Ellipsoid.—The refractive indices 
lead to the following ratios. 
‘a:b:¢ = 10017: 1: 0°9970. 


Molecular Optical Constants.—These are as follows, 


Axis of optical ellipsoid ........eeeeeees a. b. t. 
Pak C. 0:1026 01031 0°1038 
fraction, ——__—— = n.. 
Specific refraction, Tog" 1G. 0:1048 01053 01061 
_. mt—1 M_. fC. 6469 6498 65:46 
Sa a takes ca 66-88 
Specific dispersion, tg — My....-.+-- - 00022 00022 0:0023 
Molecular dispersion, mg, — Mc....-.. 1°39 1°38 1:42 
Molecular refraction ” — a C 10998 11056 111°52 


These values are independent of temperature, refraction diminish- 
ing with density by rise of temperature. 


SaLTs CONTAINING IRON. 
Potassium Ferrous Sulphate, K,Fe(SO,)2,6H,0. 
There is an excellent cleavage parallel to the orthodome r'{201}, as 
stated by Topsée and Christiansen. 
Volume. 


Relative Density The following four determinations were made 
with different crops of clear crystals, freshly recrystallised and quite 
free from traces either of oxidation or effloresence. 


Weight of salt employed. Sp. gr. at 20°/4°, 


3°3358 2°1707 
2°8228 2°1724 
3°7412 2°1664 
3°2737 2°1680 


Mean.... 2°1694 
Schiff gave 2°18 as the density of this salt. 


M 434 
Molecular Volume.—; = 216) = 200°09. 
Distance Ratios.—The axial angle ac was previously shown to be 
75° 28', and the axial ratios 
a:b:c¢ = 0°7377: 1: 0°5020. 
Combination of these with the molecular volume yields the follow- 
ing values for the distance ratios, 


xX: 2: w = 60739 : 82336 : 41332. 
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Optics. 

Orientation of Axes of Optical Ellipsoid—The direction of extinction 
in the symmetry plane was given by each of two section-plates 
ground parallel to the symmetry plane 6{010} as 2° 35’ behind the 
normal to the basal plane c{001}, as indicated in Fig. 7. 


Fie. 7. 


Murmann and Rotter found 2° 46°. Topaée and Christiansen give 
3° 44’, 

As usual in the series, this direction is the second median line, the 
first median line being the direction at right angles in the symmetry 
plane. 

The sign of double refraction being again positive, determined as in 
the cases of the salts previously described, the orientations may be 
stated as follows, knowing the axial angle ac to be 75° 28’. 


The first median line ¢ lies in the obtuse morphological axial angle 
ac, and is inclined 2° 35’ to the axis a. 

The second median line a also lies in the obtuse angle ac, and is 
inclined 11° 57’ to the vertical axis c. 

The first median line is also inclined 87° 25’ to the normal to 
c{001} and 11° 57’ to the normal to a{100}. 


Optic Axial Angle.—Three excellent pairs of sections exhibiting 
small rings and clearly defined brushes were ground perpendicular to 
the first and second median lines, and the following measurements 
obtained with them. 


Determination of Apparent Angle in Atr of Potassium Ferrous Sulphate. 


Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
La .ccccvccccscce 109° 45’ 109° 35’ 109° 30’ ‘109° 37’ 
© nde cece ce ccesce 109 50 109 40 109 34 109 41 
DD 0400600600 004% 110 20 110 9 110 O 110 10 
BE hiss eese ve 0000 110 50 110 30 110 25 110 35 
DF Sihbbe csceoe tees 111 20 lll O 110 55 lll 5 
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The apparent angle in air is given by Murmann and Rotter as 
111° 56’ for sodium light. 


Determinations of true Optic Axial Angle of Potassium Ferrous 
' Sulphate. 


No. of Observed No. of Observed Calculated 
section values section values values 
Nature perp. 1st of perp. 2nd of 
of light. median line. 2Ha. median line. 2Ho. 
1 la 111° 36’ 
er ‘ 2a 114 32 
5 3a 1ll 46 


la lll 34 
2a 114 
3u 111 


la 111 
2a 114 
3a 111 
la 111 
2a 114 
3a 1ll 
fl la 110 ; 
2 : 2a 114 
3 26 3a 1ll 


on 
bo 


~ uo — oO 
ans CDOr WR O 


67 12 


_ 
@ 


67 19 


The immersion liquid employed with the pairs 1 and la, 3 and 


3a was toluene; in the case of 2 and 2a turpentine was used. One 
pair of sections (3 and 3a) were remeasured in monobromonaphtha- 
lene, and the values of 2Va obtained found to be practically identical 
with those obtained in toluene. . 

Murmann and Rotter found 68° 4’ for the true angle for sodium 
light, and Topsée and Christiansen 67° 18’. 

Dispersion of the Median Lines.—The observations of the interfer- 
ence figures in white light, in toluene and turpentine, whose indices 
of refraction are respectively higher and lower than the mean index 
of the crystals, together with a knowledge of the orientation of the 
sections during measurement of the optic axial angle in monochro- 
matic light, and observations of the circle readings for each axis, 
indicate that the first median line is dispersed in such a manner that 
for Li light it lies nearer to the crystallographic axis a by about 10’ 
than it does for F light. Both axes show dispersion, the one lying in 
the acute angle of the morphological axes ac only very slightly, as 
stated by Murmann and Rotter. 

Effect of Rise of Temperature on the Optic Axial Angle.—The appa- 
rent angle in air was measured with Section 2 at 70°. The angle 
was found to be increased by about 2° for this rise of 50° of tempera- 
ture. The section became opaque immediately after the reading was 
obtained, owing to decomposition. 

VOL. LXIX. 2E 
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Refractive Indices.—The following determinations were obtained 
with six prisms ground upon four different crystals. 


Determination of Refractive Indices of Potassium Ferrous Sulphate. 


Values 
Mean 
Crystal 1, | Crystal 2, | Crystal 3, refrac- 
2 prisms. | 2 prisms.| 1 prism. tive 
r index. | Chris- 
epee 


| Nature 
Index. 


-4729 

4732 
4757 
-4780 
4810 
4852 


°4731 
°4735 
*4'759 
‘4782 
‘4811 

"4852 


a 
Vibs. par. 
2nd me- 
dian line 

a 


i et 


*4792 
“4796 
*4820 | 
| : 4845 | 
*4876 
"4917 


‘4795 
‘4799 | 
‘4821 | 
‘4847 
‘4877 
‘4920 


8 
Vibs. par. 
symmetry 
axis } (b) 


SP Aeon 
tt et et 


4938 | *4941 
4945 
4969 
‘4995 
5028 | 


1°5071 | 


7 i| oC ‘ 
Vibs. par. ; | be 


lst me- 
dian line 
c 


ee ee 


*5025 
*5067 


"4993 | 
| 


Murmann and Rotter give the following values for 8: for red 
1°478, for yellow 1-480, for green 1°484, and for violet 1:489. The 
values obtained by Topsde and Christiansen, of which only those for 
f were directly determined, are given in the last column, and differ 
considerably from the values now given. 

The intermediate index 8 (in a vacuum) is represented, for any 
wave-length \ as far as F, by the following formula. 


B = 14728 + 266 439 + 2 437 900 000 000 
” a 

The « values are closely reproduced by the formula if the constant 
14728 is diminished by 0°0064, and the + values if it is increased by 
0:0147. The closer approximation of the a and f values than the 3 
and + values determines the positive nature of the double refraction. 

Alteration of Refraction by Increase of Temperature—The prisms 
were found incapable of withstanding a heat of 70° unimpaired, so 
the observations were limited to 55°. At this temperature the in- 
dices were about 0°0010 lower than at the ordinary temperature. 


+ eeeeee 
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Ratio of Axes of Optical Velocity Ellipsoid.—The above indices of 
refraction furnish the following ratios. 
a:b: ¢ = 10042: 1: 09901. 
Molecular Optical Constants.—Following are the calculated values 
of these constants. 


Axis of optical ellipsoid ........0+.0ee0008 a. b. ft. 
Specific refraction, 1 a y,,, {C- 91296 01310 o-1344 
neeeoceiie | tes . 01323 01339 0-1373 
rae Oe oe . 56-22 5687 58:34 
Molecularrefraction, ae M- 4G 57-4] 58-09 59°60 


Specific dispersion, tg — 1%, 00027 0:0029 0°0029 


Molecular dispersion, nt; — my ...-+---- 1:19 1°22 1:26 
Molecular refraction, ” —— . 9482 9610 99:03 
0 


As refraction and density diminish together for rise of tempera- 
ture, the above values are practically constant for all temperatures at 
which the salt is capable of existing. 


Rubidium Ferrous Sulphate, Rb,Fe(SO,).,6H,0. 
There is a perfect cleavage parallel 7/{201}. The cleaved surfaces 
yield single images of the collimator slit of the goniometer, at 180° to 
the r’ face left on each fragment. 


Volume. 


Relative Density—The following four determinations were made 
with different crops. 
Weight of salt employed. 
43513 
3°9436 
3°4670 
34734 


Mean 


Perrot gives the density at 15° as 2°51. 

M 526-4 
Molecular Volume.—— = = 

if - 
Distance Ratios —The axial angle ac was given in the previcus 

memoir as 74° 16’, and the ratio of the axes 
a:b:¢ = 07377: 1: 05004. 
Combination with the molecular volume affords the ratios 
x: W:w = 61832 : 83817 : 41942. 
282 
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Optics. 

Orientation of Axes of Optical Ellipsoid.—Extinction in the sym- 
metry plane occurs nearly normal and parallel to the basal plane 
c{001}. Two sections, ground parallel to the symmetry plane b{010}, 
afforded the following extinction angles with respect to the normal to 
c{O0L}. 

Section 1 ........0006 1° 55’ 
Section 2 .... 


The direction is forwards, as indicated in Fig. 8. 

This axis is again the second median line, the direction at right 
angles in the symmetry plane being the first median line. 

The sign of double refraction is, as usual in the series, positive, a 
fact demonstrated by use of the quarter undulation mica, and by the 
relations of the refractive indices. 

As the axial angle ac is 74° 16’, the orientations are as under. 


The first median line ¢ lies in the acute angle of the morphological 
axes ac, and is inclined 1° 25’ to the axis a. 

The second median line a lies in the obtuse angle ac, and is in. 
clined 17° 9’ to the vertical axis c. 

The first median line is also inclined 91° 25' to the normal to 
c{001}, and 17° 9' to the normal to a{ 100}. 


Perrot states that the first median line is inclined 91° 30’ to the 
normal to {001}, practically agreeing with the value now given. 
Optic Axial Angle.—The following measurements were obtained 


with three pairs of section-plates ground perpendicular to the first 
and second median lines. 
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Determination of apparent Angle in Air of Rubidium Ferrous Sulphate. 


Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Li cose 18R' 124° 5’ 124° 51’ 124° 42’ 
125 j 124 12 58 
125 124 47 
126 125 28 
126 126 20 


Determination of true Optic Axial Angle of Itubidium Ferrous Sulphate. 


No. of Observed No.of Observed Calculated 
section values section values values 
Nature perp. Ist of perp. 2nd of of Mean 
of light. median line. 2Ha. median line. 2Ho. 2Va. 2Va. 
7 §6§ la 54’ 73° 27’ 
73 2a 5 58 73 } 73° 24’ 
6+ 3a 2 2 73 
73 la 5° 50’ 73 
73 2a 5 56 73 
64 38a ¢ 5s 73 


24 
21 
27 
23 73 «#23 
20 
72 la 5 73 26 
21 
16 
24 
19 
1l 


cc ae 2a 73 73 «21 
64 3a ¢ 73 
72 la t y 73 
72 2a f 73 
64 f 3a 73 
72 la f 73 


73 «#18 


20] 
72 3: 24 5S 73 144 78 18 
64 3a ¢ 73 64 


The immersion liquid was toluene for the first two pairs of sections, 
and monobromonaphthalene for the third pair. | 

The order of the colours fringing the hyperbolic brushes of the 
interference figures in toluene, using white light, confirms the order 
of dispersion ; one brush was nearly colourless, that corresponding to 
the optic axis emerging between a{100} and r{201}, whilst the other 
was clearly fringed with red on the side nearest the colourless brush 
and blue on the outer side, proving that the true angle for red is 
greater than the angle for blue. The fringes, when the observation 
is made in air, confirm the measured values, one brush being only 
very faintly coloured, while the other was brightly tinted red outside 
and blue within, proving that the apparent angle in air is greatest 
for blue. 

Perrot estimated the true angle to be 73° 2' for sodium light by 
observation with one plate in oil and utilisation of the medium index 
of refraction f of the crystal. 

Dispersion of the Median Lines——The phenomena and measure- 
ments in toluene prove that the first median line lies nearer to the 
morphological axis a for blue light than for red, the amount of dis 
persion between Li and F being about 10’. 
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Liffect of Rise of Temperature on the Optic Axial Angle——One of the 
section-plates perpendicular to the first median line was examined at 
70°, and the angle for sodium light was found to be 126° 0’. Hence 
the angle appears to increase about 1° for 50° rise of temperature. 

Refractive Indices—Six prisms were ground upon five different 
crystals. The results are given in the table, p. 395. 

The § index in a vacuum is accurately expressed, for any wave- 
length \ as far as F, by the formula 


508 396 _ 1 868 100 000 000 | 
» Ya 


p= 14747 + 5 


The a indices are reproduced if the constant 1°4747 is diminished 
by 0°0059 and the values if it is increased by 0°0103. The smaller 
amount of the former difference again determines positive double 
refraction. 

Alteration of Refraction by Rise of Temperature.—Determinations 
of refractive index at 60°, beyond which the observations cannot 
satisfactorily be carried on account of decomposition, indicate that at 
this temperature the indices are lower by about 0°0014 than they are 
at the ordinary temperature. 

Ratio of Axes of Optical Velocity Ellipsoid.—The indices of refrac- 
tion lead to the following ratios. 


a:b: ¢ = 10040: 1 : 09981. 
Molecular Optical Constants.—These are as under. 


Axis of optical ellipsoid... .......00.. 000 a. b. t. 
ttt. C. 01128 01140 01160 


Specific refraction, i sated} se ; en 

(0? ad 2)d G. 01153 01164 0°1186 
—1l1M 7" o 59°40 60°02 61:09 
G. 60°70 61:30 62°41 

Specific dispersion, ng — mg 00025 0°0024 0°0026 
Molecular dispersion, mt, — My ......--- - 130 1°28 1°32 


Molecular refraction, ” > . C. 10036 10158 103-71 


Molecular refraction, ” vat 7 = 


These values will be substantially permanent for all temperatures 
at which the salt is capable of existence, as refraction and density 
vary together. 


Cesium Ferrous Sulphate, Cs,Fe(SO,)2,6H,0. 


There is a good cleavage parallel 7/{201}. The cleaved surfaces 
were found to yield excellent images of the goniometer signal precisely 
at 180° to the r’ face on the fragment examined. 
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Volume. 
Relative Density.—F¥our determinations with excellent clear crystals 
of this salt from two preparations gave the accompanying numbers. 
Weight of salt employed, Sp. gr. at 20°/4°. 
40813 2°7886 
3°4243 2°7918 
3°8732 2°7902 
3°5673 2°7931 


Mean ..ovce 2:7909 


ROT. 
Molecular oe 621'4 = 222°64. 


d~ 2791 
Distance Ratios.—The axial angle ac was previously shown to be 
73° 8' and the morphological axial ratio 


a:b:e = 0°7261: 1 : 0°4953. 


The distance ratios obtained by combining these with the molecular 
volume are as under. 


xX: W:w = 62799 : 86487 : 42837. 
Optics. 
Orientation of Axes of Optical Ellipsoid.—The extinction angle in 


the symmetry plane with respect to the normal to the basal plane was 
determined on two section-plates ground parallel to the symmetry 
plane b{010}, the results being as follows. 

Section 1 11° 10’ 

Section 2 


The direction is forwards, as represented in Fig. 9. 

This axis is, as usual in the series, the second median line, and the 
other axis at right angles to this in the symmetry plane is the first 
median line. . 
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The sign of double refraction is again positive, as determined by the 
relations of the three refractive indices, and demonstrated by means 
of the quarter undulation mica. 

The monoclinic angle being 73° 8’, the orientations are : 


The first median line ¢ lies in the acute angle ac of the morpho- 
logical axes, and is inclined 11° 25’ to the axis a. 

The second median line a lies in the obtuse angle ac, and is 
inclined 28° 17’ to the vertical axis c. 

The first median line is also inclined 101° 25’ to the normal to 
c{001} and 28° 17' to the normal to a{100}. 


Optic Axial Angle——The apparent angle in air is very large and 
difficult to measure. Only one of the three section-plates, which 
were ground perpendicular to the first median line, afforded trust- 
worthy readings. The mean angle obtained for sodium light was 
132° 47’, The dispersion is very small, the angle being slightly 
larger for blue than for red, one of the brushes being almost free 
from colour when examined in white light, whilst the other is tinted 
blue on the side nearest the first median line and red outside. 


Determination of the true Optic Axial Angle of Cesium Ferrous 
Sulphate. 


No. of Observed No.of Observed Calculated 

section values section values values Mean 
Nature perp. Ist of perp. 2nd of of value of 

of light. medianline. 2Ha. medianline. 2Ho. 2Va. 2Va. 
67° 10’ la 92° 5’ r 

67 2a 92 10 

67 2 3a 92 20 

67 la 92 0O 

67 2a 92 7 

67 3a 92 15 

la 91 45 

2a 91 44 

3a 92 0 


la 91 25 
2a 91 20 
3a 91 45 
la 90 58 
2a 90 50 
3a 91 20 
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The three pairs of plates ground perpendicular to the first and 
second median lines were immersed in monobromonaphthalene for the 
determinations of 2Ha and 2Ho. The order of dispersion was con- 
firmed by observations of the interference figures afforded by the 
plates perpendicular to the first median line when immersed in 
benzene, whose refractive index is almost identical with the mean 
index of the crystal, The brushes were observed in white light to be 
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each fringed with red on the side nearest the first median line and blue 
outside, indicating a larger angle for red than for blue. Actual 
measurement showed a difference of 17’ between C and TI, confirming 
the above values. 

Dispersion of the Median Lines.—The observations in benzene 
further showed that the axis emerging between a{100} and 7{201} 
was slightly less dispersed than that on the other side of the median 
line, hence the first median line is nearer to the morphological axis 
a for blue than it is for red, the amount of difference being only a 
very few minutes. 

Effect of Rise of Temperature on the Optic Awial Angle.—The section- 
plate which afforded the determination of 2E was heated to 70°, 
when the angle for sodium light was found to be 131° 20’. Hence 
the apparent angle in air diminishes about 14° for 50° rise of tem- 
perature. 

Refractive Indices.—These were determined by means of six prisms 
ground upon four different crystals. The results are as follows. 


Determination of Refractive Indices of Cesium Ferrous Sulphate. 


~ — Crystal 1, | Crystal 2, | Crystal 3, | Crystai 4, | em 

: light. 2 prisms. | 2 prisms. 1 prism. | 1 prism. | ;) gex. 

| 

( | Li 1°4977 | 1°4973 | 1°4978 | 1°4976| 1°4976 

Vibrati I} c 1°4981 | 1°4977| 1°4981 | 1°4981 | 1:4980 
allel 2nd 4| N® | 1°5004] 1°5001 | 1°5005 | 1-5002 | 1-5008 
ee ten 4] om 1°5031 | 1°5026| 1°5028| 1°5026| 1°5028 
soe 1°5062 | 1°5057 | 1°5063| 1°5061| 1°5061 
Ul 4G 1°5107 | 15108 — 1°5104 | 1°5105 

(| Li 1°5009 | 1°5005 | 1°5008 _ 1 ‘S007 

rans Cc 1°5013 | 1°5009 | 1°5011 oe 15011 
Vibrations || Na | 1:5035| 1-5035| 1-5036; — | 1-5085 
vvetry anes || ZL | 15061 | 15060} 1°5068| — | 1-5061 
_ = F 1°5092 | 1°5093 | 1°5094 — | 1°5093 
(9). @ | 15135] 15140] — — | 1°8187 

(| Li 1°5070 | 1°5061 _ 1°5065 15065 

in tt © 15074 | 1-3065| — | 1-5069/ 1:5069 
arallel ist 4| Na | 1-5098] 15000) — 1°5093 | 1°5094 
y olien — tt = 1°5125| 1°5117| -- 1°5120 | 1°5121 
: F 1°5159| 15148; — 1°5153 | 1°5153 

‘ [ G 1°5203| 1°5193) — 1°5198 | 1°5198 

| | 


The f£ index reduced to a vacuum is accurately represented, for 
any wave-length \ as far as F, by the formula 


g= 14911 + mae _ 645 800 000 000 


eeeee 


rt 


i a i ee: | 
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The « indices are closely reproduced if the constant 14911 is 
diminished by 0:0032 and the + values if it is increased by 0°0059. 
The smaller amount of the former difference determines the positive 
nature of the double refraction. 

Alteration of Refraction by Rise of Temperature.—Determinations 
of refractive index were made at 70°, and the mean results indicate 
that the indices are lower at this temperature by about 0°0017 than 
they are at the ordinary temperature. The prisms appeared capable 
of withstanding this temperature for some little time before opacity 
ensued, affording another indication of the greater stability of the 
cesium salts than those of rubidium and potassium, 

Ratio of Axes of Optical Velocity Ellipsoid.—The foregoing refrac- 
tive indices afford the following ratios. 


a:b: ¢ = 1:0021:1:0°9961. 
Molecular Optical Constants —The calculated values of these con- 
stants are as under. 


Axis of optical ellipsoid .........000:- a. b. . 
Specific refraction ct a n a CHS Oster Oiler 
I 'G+2)ad ‘** LG. 01073 01079 01090 
ae aN lal M _ 65°31 - 65°65 66°29 
Molecular refraction, Tro’ d ™ 1G 66-69 67-04 67°71 
Specific dispersion, tg — Ng ....eeeeeeee 00022 0:0022 0-0023 
Molecular dispersion, Mg — My ...e-eee+s 1:38 1:39 1-42 
Molecular refraction, —s re C.111°01 111°70 112-99 
c 


These values will be sensibly constant for all temperatures at which 
the salt is able to exist, as refraction and density are altered in the 
same direction by change of temperature. 


SaALts CONTAINING MANGANESE. 


Further efforts to prepare the potassium salt of this group have 
been unavailing. 


Ttubidium Manganous Sulphate, Rb,Mnu(SO,)2,6H,0. 


An excellent cleavage is developed parallel 7'{201}; the cleaved 
surfaces exhibit sharply defined images of the goniometer signal at 
180° to the 7’ face left on each fragment. 


Volume. 


Relative Density.—The following four determinations were carried 
out with different crops of clear crystals. 
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Weight of salt employed. Sp. gr. at 20°/4°, 
5°6872 2°4542 
45172 2°4561 
43798 2°4637 
42636 2°4618 


Mean 


Perrot gives the density at 15° as 2°49. 
M 525-4 ; 
Molecular Volume.—7> = 9.459 = 213°66. 
Distance Ratios,—The axial angle having been shown to be 74° 3’, 
and the axial ratio 


a:b:c = 0°7382:1: 0°4950, 
the distance ratios obtained by combination of these constants with 
the molecular volume are 
xX: sw = 62542 : 84723 : 41938. 
Optics. 

Orientation of Axes of Optical Ellipsoid—Some difficulty was ex- 
perienced in determining the extinction angle in the symmetry plane 
by means of sections ground parallel ‘to that plane, on account of 
slight surface alteration which interfered with the sharpness of the 
extinction. Four section-plates were ground as rapidly as possible 
consistent with due care, but only approximate determinations of ex- 
tinction could be carried out with each. The mean, however, is 
probably very near the trath, and was 1° 0’ forward from the normal 


to c{001} as shown in Fig. 10, the limits being about a degree each 
side of this position. 


Fie. 10. 


qo e 


This direction is again the second median line, the other axis of the 
optical ellipsoid at right angles to this in the symmetry plane being 
the first median line. 

The sign of double refraction is likewise positive, a fact which was 
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proved by means of the quarter undulation mica, and by the mutual 
relations of the three refractive indices. 

The axial angle being 74° 3’, the orientations may be stated as 
follows. 


The first median line ¢ lies in the acute angle of the morphological 
axes ac, and is inclined 1° 0’ to the axis a. 

The second median line a lies in the obtuse angle ac, and is inclined 
16° 57’ to the vertical axis c. 

The first median line is also inclined 91° 0’ to the normal to c{001} 
and 16° 57’ to the normal to a{100}. 


Perrot gives the inclination to {001} as 91° 20’. 

Optic Axial Angle.—The following determinations were carried out 
with three pairs of section-plates ground perpendicular to the first 
and second median lines. They afforded clear interference figures, 
the surface alteration so inconvenient for the determinations of ex- 
tinction being too slight to materially affect the interference figures 
when the sections were freshly prepared. 


Determination of apparent Angle in Air of Rubidium Manganous 
Sulphate. 

Nature of light. Section 1. Section 2, Section 3. 
Li cecccpccccccce 109° 40’ 109° 50’ 109° 48’ 
D skccepanecennae 109 42 109 52 109 
re rere 109 52 110 0O 110 
|) SA nee 110 3 110 10 110 § 
P aeieidswaanbons 110 22 110 18 110 1i 19 


Determination of true Optic Axial Angle of Rubidium Manganous 
Sulphate. 
No.of Observed No.of Observed Calculated 

section values section al values Mean 
Nature perp. Ist of perp. 2nd of value of 

of light. median line. 2Ha. median line. . 2Va. 2Va. 
1 59° 12’ la dD 67° 

2 59 2a 2 67 

3 59 3a 96 67 
59 la ¢ 3 67 
59 2a 6 1: 67 
59 3a ¢ 67 

58 la > 932 67 

59 2a ¢ 67 

58 3a 
58 la 

5 2a 
3a 
la 
2a 
3a 
Monobromonaphthalene was the immersion liquid employed in the 


67° 10 
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measurements of 2Ha and 2Ho. The order of dispersion was con- 
firmed by observation in white light of 2Ha in turpentine. Whilst 
one optic axial brush was almost free from a trace of colour, the other 
was brightly tinted red inside nearest the first median line, and blue 
outside, thus indicating a larger angle for red than for blue. An 
observation in toluene afforded confirmatory evidence. Perrot gives 
67° 38’ for the angle in yellow light, deduced from an observation 
with one plate in oil. . 

Dispersion of the Median Lines.—In conducting the observation in 
turpentine the position of the section was carefully noted with refer- 
ence to the crystal faces upon its broad edges, and it was found that 
the immovable optic axis was the one which emerges between a{100} 
and r{201}, hence the first median line is dispersed in such a manner 
that for blue light it lies nearer by about 10’ to the morphological 
axis a than it does for red. . 

Effect of Rise of Temperature on the Optic Axial Angle.—One of the 
section-plates perpendicular to the first median line was heated to 
70°, at which temperature the angle for sodium light was found to 
be 110° 50’. Hence the apparent angle in air increases about a 
degree for 50° rise of temperature. 

Refractive Indices.—Six prisms were employed, ground upon four 
different crystals. The following table represents the results. 


Determination of Refractive Indices of Rubidium Manganous Sulphate. 


| Nature C o - i a 
ee a rystal 1, Crystal 2, Crystal3,| Crystal 4, refrac- | Perrot’s 
| hieht, | 1 Prism. | 2 prisms. | 2 prisms. | 1 prism. tive | values. 
_ | index. 
(| Li — 1°4737 1-474. | 1°4746 1°4741/  — 
Vibs. } — | 1°4741 | 1°4745 | 1°4749 1°4745 | 1-°4741 
eed eee. J 8 — | 1°4764  1:4767 | 1°4770 1°4767 | 1-4764 
dian line i Tl — | 1°4787 1°4791 | 1°4796 1°4701| — 
ee Ts oe — | 1°4814) 1:4823 | 1°4826 1°4821 | 1-4818 
a ta — | 14859 _ 1°4868 1°4864, — 
(| Li 1-4770 | 1°4782 | 1°4784| 1°4788 1°4781| — 
p !| Cc 1°4775 | 1°4787 | 1-4787 | 1°4792 1-4785 | 1-4785 
Vibs. par.} | Na 1°4797 | 1°4807 | 174809 | 1°4816 1°4807| 1-4809 
symmetry}, Tl 1°4818 | 1°4833 , 1°4835 | 1°4839 1°4831 ~- 
axis b (b) || F 1°4850 1°4860 1°4863 | 1°4869 1°4860 | 1-4864 
Li G@ — |, 14901 | 1:4910, 1°4910 1°4907; — 
(| Li 1°4872 | 174882 | 1°4886 — (14880) — 
oh ta 1) 2 1°4877 | 1°4887 | 1°4889 — | 1°4884| 1-4886 
ws. par.) | Na | 1°4899/ 1°4910 |) 1-4911 — °|1:4907| 1-4910 
Istme- 4/ 1-4926 | 1°4935 | 1°4939 — |1-4983) — 
dien line || » 1°4958 | 1:4969 1.4967| — | 14965 | 1-4970 
7 At — | 15012 | 15019) — (15015 | — 


cc 
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The f index reduced to a vacuum is accurately represented, for any 
wave-length \ as far as F, by the formula 


= 14694 4+ we _ 491 ore qe atest 


The @ indices are closely reproduced by the formula if the constant 
1:4694 is diminished by 0°0040 and the y values if it is increased by 
00100. The positive nature of the double refraction is evident from 
the smaller amount of the former difference from £. 

Effect of Rise of Temperature on Refraction.—The indices were 
determined at 70°, and found to be about 0°0018 less at this tem- 
perature than the numbers given in the preceding table. 

Ratio of Axes of Optical Velocity Ellipsoid.—T he foregoing refractive 
indices lead to the following ratios. 

a:b: ¢ = 1:0027: 1 : 09933. 

Molecular Optical Constants——The indices also afford the following 

constants when combined with the density and molecular weight. 


Axis of optical ellipsoid ..........s0eee8 a b c 


een” -*" SRE TS (3 01145 01153 0-1173 
iegmemmeed <= 5 ike G. 01169 0-1178 01200 
me pe ee C. 6014 60:58 61-65 
Molecular refraction, "-—+.™ = 4 
ce eee +2 a "1G. 61-48 6189 68:04 
Specific dispersion, tg — Ng ....eeeees 0°0024 0°0025 0:0027 
Molecular dispersion, tg — Mg .....e ee 1°29 131 1°39 
*~T ye ..... GC. 101-47 «102-32 104-44 


¢ 


. 7 
Molecular refraction, 


As in the case of the salis previously described, refraction and 
density vary together for change of temperature, and therefore the 
above constants will remain sensibly constant for all variations of 
temperature within whose limits the crystallised substance is capable 
of existing. 


Cesium Manganous Sulphate, Cs,.Mn(SO,)2,6H,0. 


In addition to the faces described in the previous memoir as being 
observed upon the crystals of this salt, many of the crystals specially 
prepared for the optical work exhibited well-defined small faces of 
the primary hemipyramid o{111} —P. 

There is a perfect cleavage parallel *’{201}. The fractured surfaces 
afford sharp single images of the goniometer signal, and at precisely 
180° to the +’ face left on each fragment. 


Volume. 


Relative Density—Four determinations with different crops of 
perfectly clear, transparent crystals yielded the following results. 
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Weight of salt employed. _— Sp. gr. at 20°/4°. 


4°4329 2°7365 
4°4677 2-7393 
3°2177 2°7385 
2°4249 2°7356 
Mean.... 2°7375 

M _ 6204 


Molecular Volume.— d = 2738 = 226°59, 


Distance Ratios Combining the above molecular volume with the 
morphological constants given in the previous memoir, B = 72° 53' 
and 

a:b:¢ = 07274: 1: 04913, 
we obtain for the distance ratios the following values. 


xX: W:w = 68441 : 87217 : 42850. 


Optics. 

Orientation of Axes of Optical Ellipsoid.—Two excellent sections 
were obtained by grinding, parallel to the symmetry plane b{010}, 
exhibiting no tendency to deterioration as in case of rubidium man- 
ganous sulphate. The extinction angles afforded by them with 
respect to the normal to c{001} were in each case precisely 8° 20’, the 
direction being forwards, as indicated in Fig. 11. 


Fie. 11. 


This direction is the second median line, and the first median lin 
is, as usual in the series, perpendicular to it in the symmetry plane. 

The sign of double refraction is positive, determined as in the cases 
of the salts previously described. As the morphological axial angle 
ac is 72° 53’, the orientations are as under. 


The first median line ¢ lies in the acute angle of the morphological 
axes ac, and is inclined 8° 20’ to the axis a. 

The second median line a lies in the obtuse angle ac, and is inclined 
25° 27’ to the vertical axis c. 
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The first median line is likewise inclined 98° 20’ to the normal to 
c{001}, and 25° 27' to the normal to a{ 100}. 
Optic Axial Angle.—Three pairs of sections afforded the following 
values. 


Determination of apparent Angle in Air of Cesium Manganous 


Sulphate. 
Nature of light. Section 1. Section 2. Section 3, Mean 2E. 
Li eeeeeeeeeeeeee ad 26’ 97° 20’ 97° 21’ 97° 22’ 
© rccccccccccvecs 97 21 97 15 97 17 97 18 
M@sesscvcccccece 97 «(1 96 54 96 55 96 57 
Tl ccccccesccccce 96 41 96 28 96 30 96 33 
FP cccccccccccccs 96 10 95 54 95 55 96 0 
Determination of true Optic Axial Angle of Casiwm Manganous 
Sulphate. 
No. of Observed No.of Observed Calculated 
section values section values values Mean 
Nature perp. Ist of perp. 2nd of of value of 
of light. medianline. 2Ha. medianline. 2Ho. 2Va. 2Va. 
1 53° 48’ la 102° 55° _(«60"_—s«@ 
Li... 00 oe 2 53 49 2a 102 46 60 10 60° 10’ 
3 54 0 38a 102 59 60 15 
1 53 43 la 102 50 60 3 
© cesepses 2 53 42 2a 102 42 60 5 60 7 
3 53 56 3a 102 55 60 12 
1 53 26 la 102 33 59 54 
Na . 2 53 21 2a 102 21 59 54 59 57 
3 53 38 3a 102 36 «660 «44 
1 53 6 la 102 13 59 44 
Tl... ose 2 52 57 2a 102 0 59 41> 59 46 
3 53 16 3a 102 12 59 53 
1 52 30 la 101 50 59 21 
F .. cee 2 52 30 2a 101 35 59 26} 59 28 
3 52 45 3a 101 40 59 38 


The immersion liquid was monobromonaphthalene in each deter- 
mination of 2Ha and 2Ho. The order of dispersion was confirmed 
by observation of the interference figures in white light afforded by 
the sections perpendicular to the first median line, both in toluene 
and in cedar oil, the mean of whose refractive indices is near the 
mean index of the crystal. 

Dispersion of the Median Innes.—The observations in toluene and 
cedar oil in white and in monochromatic light indicate that the optic 
axis which emerges not far from normal to a{100} is only slightly 
dispersed, for blue being nearest to the first median line, whilst the 
other axis exhibits considerable dispersion, being again for blue 
nearest the median line. Hence the first median line is dispersed so 
that for blue it lies nearer to the morphological axis a than for red, 
VOL. LXIX. 2 F 
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the amount indicated by the observations in monochromatic light 
being about 15' between Li and F. 

Effect of Rise of Temperature on the Optic Axial Angle.—Section 1 
was heated to 70°, and at this temperature the apparent angle in air 


’ measured 94° 35' for sodium light. Hence 2E diminishes about 2}° 


for 50° rise of temperature. 
Refractive Indices.—The following values were obtained from six 
prisms ground upon three different crystals. 


Determination of Refractive Indices of Cesium Manganous Sulphate. 


| Nature Mean 
Index. | of | Cry stal 1, | Crystal 2, | Crystal 3, refractive 
light. | ? prisms. | 2 prisms. | 2 prisms. ales 
a | sais 

t Li | 1°4619 1°4920 1 -4916 1-4918 

Vibrations ai of C | 1°4923 | 1°4923 | 1-°4919 1-4922 
aa S| (Ne | 1-4948 | 1-4947 | 1-4944 | 1-40946 
median ine (| 2! | 1°4974 | 1°4972 | 1°4970 14972: 
~ { F 1°5006 | 1°5003 | 1°5000 1-5003 

| «4 1°5050 | 1°5046 | 1°5041 1 ‘5046 

P (| Li 1°4933 | 1°4938 | 1°4937 | 1-4936 

a. owes | 1°4938 | 1°4942 | 1°4941 1:4940 
“ati |. 2 1°4962 | 1°4968 | 1°4968 14966 
Pept hy Sy ie A 14988 | 1°4991 | 1-4993 1-4991 
: i , 15020 | 1:5022 | 1°5023 15022 

L @ | -1°5064 | 1°5066 | 1°5068 15066 

| 

(| Li | 14994 | 14997 | 1-4995 | 1:4995 

i; Cc 1°4998 | 1°5001 | 1°4999 1-4999 

Vibrations par- | | Na | 1°5025 | 1°5027 1 *5024 1°5025 
allel lst median } | Tl 1°5050 | 1°5052 1 5051 1°5051 
line e. || ¥ | 1°5082 | 1°5084 | 1°5083 | 1:5083 

U @ | 25128 | 15180 | 15128 1°5129 


The intermediate axis 8 in a vacuum is expressed, for any wave- 
length \ as far as F, by the formula 


8 = 1-4803 + a _ 4& 944 st Peas 000 

The « indices are reproduced very closely if the constant 1:4803 is 
diminished by 0°0019, and the y indices if the constant is increased 
by 0°0059. The former being the smaller difference, determines the 
positive nature of the double refraction. 

Effect of Rise of Temperature on Refraction.—The indices afforded 
by determinations at 70° indicate a lowering of about 0°0018 by 50° 
rise of temperature. 

Ratio of Axes of Optical Velocity Ellipsoid.—The foregoing refractive 
indices yield the following ratios. 


a:b: ¢ = 1:0013: 1: 09961. 
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Molecular Optical Constante-—Benetth are given the calculated 
values of these constants. 


Axis of optical ellipsoid .........0..4- a. b. t. 

ve-—i . cs 01061 0°1064 01075 
"" LG. 0°1083 01087 0°1098 

n—1 M _ - Fs 65°81 66°01 66°65 


ano © 
Molecular refraction, 


m+2d— G. 6721 6743 6814 
Specific dispersion, tg — MWg ......+e00.- 0°0022 06023 00023 
Molecular dispersion, Mg — Mig .......-. 1°40 1°42 1°45 
Molecular refraction, ” =e ea C. 11162 112°03 113°36 
A) 


These values are again practically independent of temperature, as 
the refraction diminishes along with the density on increase of tem- 
perature. 

SaLTs CONTAINING NICKEL. 
Potassium Nickelous Sulphate, K,Ni(SO,)2,6H,0. 

The crystals exhibit a perfect cleavage parallel to 7'{201}. The 
fractures yield clearly defined single images of the goniometer signal 
at exactly 180° in each case from the 7’ face left on the fragment. 


Volume. i 
Relative Density.—Four determinations were made with excellent 
crystals of different crops belonging to two independent preparations. 
The numbers obtained were as under. 
Weight of salt employed. Sp. gr. at 20°/4°. 


31592 2°2305 
30850 2:23.44 
4:2979 2°2314 
45574 2°2357 


Mean.... 2°2330 


The value of Kopp, 2°123, quoted by Perrot, is certainly incorrect. 

M _ 4369 - 
Mole ° —————$. SS ae == 195°65. 
Molecular Volume 7 5933 ) 

Distance Ratios —The data given in the previous memoir, B = 

75° O' and 

a:b:c = 0°7379 : 1 : 0°5020, 
when combined with the molecular volume, afford the following 
distance ratios. 

xX: W:w = 60342 : 81775 : 41051. 
Optics. 


Orientation of Axes of Optical Ellipsoid.—Three sections were 
2Fr2 
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ground parallel to the symmetry plane, as the indications afforded by 
the first two differed somewhat from those of Murmann and Rotter ; 
they exhibited the following extinction angles with respect to the 
normal to c{001}. 


Section 1 ...... edecs OO oe 
Section 2 eeeeneeeeoeveese 6 25 
Section 3..... “aa€€ - 


Mean...... 6 18 


Fia. 12. 


The direction is behind the normal, nearer to the vertical axis of 
the crystal, as represented in Fig. 12. Murmann and Rotter give 
5° 26'. 

This direction is again the second median line, the first median 
line being at right angles to this, also in the symmetry plane. 

The sign of double refraction is again positive. The crystallographi- 
cal axial angle ac being 75° 0’, the following statement represents 
the orientations of the axes of the optical ellipsoid. 


The first median line ¢ lies in the obtuse angle of the morphological 
axes ac, and is inclined 6° 18’ to the axis a. 

The second median line a also lies in the obtuse axial angle ac, and 
is inclined 8° 42’ to the vertical axis c. 

The first median line is also inclined 83° 42’ to the normal to 
c{001}, and 8° 42’ to the normal to a{100}. 


Optic Aaial Angle-——The observations were carried out with six 
excellent section-plates, three perpendicular to each median line as 
usual. Owing to the deep green colour of the crystals, a consider- 
able amount of absorption occurs at the red end of the spectrum, so 
that very intense monochromatic light is necessary for measurements 
with the thick plates rendered imperative by the feebleness of the 
double refraction, the receiving slit of the monochromatic illuminator 
being required to be somewhat more widely opened than usual. 
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Determination of apparent Angle in Air of Potassium Nickelous 


Sulphate. 

Nature of light. Section 1. Section 2. Section 3. Mean 2K. 
Li cecccccccocee 180° 18’ 130° 30’ 130° 10’ 130° 18’ 
Oecvcccccrccece 180 20 130 35 130 15 130 28 
Mbscesccesys<ss: TM: 3 131 5 130 45 130 57 
Tl cevocccccoee. LBL 42 131 40 131 20 181 34 
Fwccsccccevese 1382 30 132 22 132 14 132 22 


Murmann and Rotter state that the apparent angle in air is less for 
red than for blue, which agrees with the above, and give 131° 45’ as 
the angle, presumably for sodium light. 


Determination of true Optic Axial Angle of Potassium Nickelous 


Sulphate. 
No. of Observed No. of Observed Calculated 
section values section values values Mean 
Nature perp. Ist of perp. 2nd of of value of 
of light. medianline. 2Ha. wmedianline. 2Ho. 2Va. 2Va. 
1 66° 50’ la 91° 0’ 75° 2)’ 
_! Se 2 67 O 2a 91 15 75 22 75° 21’ 
3 66 50 3a 91 4 75 19 
1 66 43 la 90 52 75 20 
© ewes 2 66 53 2a 91 7 75 20 75 19 
3 66 45 3a 90 58 75 18 
1 66 22 la 90 27 75 16 
Na ee 2 66 32 2a 90 42 75 16 75 #16 
3 66 25 3a 90 35 75 16 
1 66 1 la 90 O 75 13 
2 eee 2 66 11 2a 90 15 75 13 75 #13 
3 66 6 3a 90 5 75 14 
1 65 30 la 89 24 75 8 
_ re 2 65 40 2a 89 39 75 8 75 9 
3 65 40 3a 89 30 75 12 


The immersion liquid employed was monobromonaphthalene. 

The order of dispersion was confirmed by observations in toluene, 
whose refractive index is exactly the same for sodium light as the 
8 index of the crystal, and only very slightly less than the mean 
index of the crystal; also in benzene whose index is slightly higher 
than the mean index of the crystal. In both cases the angle for red 
was clearly larger than for blue. 

Murmann and Rotter represent the true optic axial angle as 
75° 36. 

Dispersion of the Median Lines.—The observations in toluene and 
benzene indicated that the optic axis which emerges nearly perpen- 
dicular to the possible face r{201} remains almost constant for all 
colours, whilst the other axis which emerges nearly normal to r' {201} 
is clearly dispersed, being nearer to the stationary axis for blue than 


i 
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for red. Hence the first median line is dispersed so that it lies 
nearer to the morphological axis a for red than it does for blue, the 
amount indicated in toluene being about 10’ between Li and F. This 
order of dispersion of the median lines agrees with the observation 
of Murmann and Rotter, but the dispersion of the axes is the inverse. 
‘he observations above given were repeated and confirmed with each 
of the three sections. 

Effect of Rise of Temperature on the Optic Axial Angle—Section 3 
was heated to 70°, and the angle for sodium light found to be 
133° 25’. Hence the apparent angle in air increases by about 23° 
for 50° rise of temperature. 

Refractive Indices—The following table represents the results 
obtained with six prisms, ground upon four different crystals. 


Determination of Refractive Indices of Potassium Nickelous Sulphate. 


| | } 
Nature | | Mean 
Telex. of — Lee 2, ae 3, | oo S| scleastive 
light. prism. prisms. 2 isms. prism. | index. 
. ( Li aon | 1:4809 | 1°4807 | 1°4812 | 1°4809 
i a. 1°4813 | 1°4812 1°4815 | 1°4818 
piece ! Na — | 1°4836/| 1°4884| 1°4889| 1°4836 
ein line | 2 — | 1°4861 | 1°4857 | 174862 1-4860 
- 1| ¥F | 1-4889 | 1-4886| 1°4893 | 1°4889 
, \| @ — | 1:4933| 1°4931 | 1°4934 | 1°4988 
(| Li 1-888 | 1:4889 | 1°4889| 1°4889 | 1°4889 
a a I 1°4892 | 1°4893 | 1°4895| 1-4893| 1°4898 
Hel eym- 3 NS 1°4915 | 1°4914| 1°4919| 1°4917| 1°4916 
parane tb T) 1°4988 | 1°4941 | 1°4942| 1°4942| 1°4941 
a? |) oF 1°4970 | 1-4971| 1-4974| 1-4973| 1°4972 
Ul «@ 1°5014 | 1°5015| 1°5017| 1°5013 | 1-°5015 
( Li 15024 | 1°5025| 1°5017 4d 1 ‘5022 
Vib * I Cc 1°5028 | 1°5029]| 1°5021 _— 1-5026 
ae | = =Na | 1°5053| 1°5052| 1°5049 im 1 ‘5051 
poet ie 1; 1 1°5077 | 13078 | 1°5075 = 1:5077 
median line || 15111 | 1°5110 | 1°5107 sis 1'5109 
¢ | @ 1°5155 | 1°5154| 1°5151;| — | 1-6158 


There was a considerable amount of absorption at the red end of 
the spectrum produced by each of the prisms, but the lime-light 
afforded ample illumination of the refracted images of the spectro- 
meter slit for Li and C light, even when the openings of the re- 
ceiving and exit slits of the monochromatic illuminator were as fine 
as usual. 

Three rough values of the indices for the middle portion of the 
spectrum are given by Murmann and Rotter, 2 = 1°483, 8 = 1°490, 
and y = 1°502; they also state that B for red = 1°487, for yellow = 
1:489, for green = 1°492, and for violet = 1°495. 
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The intermediate index 8, in a vacuum, is accurately expressed, 

for any wave-length \ as far as F, by the formula 
p = 1798 + 497 765 _ 496 200 000 000 

The @ index is closely reproduced by the formula if the constant 
14798 is diminished by 0:0080, and the values if it is increased by 
00135. The positive nature of the double refraction is evident from 
the fact that the former is the smaller difference from f. 

Effect of Rise of Temperature on Refraction——The indices were 
found to be lower by about 0°0012 at 70° than they are at the ordinary 
temperature. 

Ratio of Axes of Optical Velocity Ellipsoid —The refractive indices 
furnish the following ratios. 

a:b: ¢ = 1:0054: 1: 09910. 

Molecular Optical Constants—The calculated values of these con- 

stants are given below. 


H owecss ; 


Axis of optical ellipsoid ..........00.- a. 

_ kt ta 01276 0 
(n? + 2)d """ LG. 0:1303 01321 01352 
Molecular refraction 3 ; en nt. ta oS oN ow 

"nt? +25 d G. 56°93 57°73 59°06 
Specific dispersion, Ng — Mg. ....eeeees 0:0027 0:0027 0°0028 
Molecular dispersion, tg — Mg ....++- ° 118 119 1:22 
ae >  eeeeery ©. 9425 9581 98-42 
As refraction and density vary together with change of tempera- 
ture, these values will be independent of temperature. 


Rubidium Nickelous Sulphate, Rb,Ni(SO,)2,6H,0. 


The crystals of this salt exhibit a perfect cleavage parallel to 
r' {201}, in common with the other salts of the series. It was proved 
to be exactly 180° from r’ by goniometrical measurement, the fractures 
yielding sharp images. 


bh. t. 
1294 01324 


Specific refraction, 


e nN 
Molecular refraction, 


Volume. 
Relative Density —The following four determinations were made 
with beautifully clear crystals of this salt, derived from different 
crops. 


Weight of salt employed. Sp. gr. at 20°/4°. 
5°1109 2°5817 
44324 2°5833 
3°8084 2°5807 
35450 2°5848 


Mean.... 2°5826 
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Perrot attributes a density of 2°56 to the salt. 
Molecular Volumeiae = SS L 20492. 
d 2°583 
Distance Ratios—The axial angle ac being 78° 57', and the axial 
ratio 
a:b:¢ = 0°7350: 1 : 0°5022, 
as previously given, the distance ratios obtained by combination with 
the molecular volume are 


xX: W:w = 61214: 83224 : 41825, 
Optics. 
Orientation of Awes of Optical Ellipsoid.—Two sections ground 
parallel to the symmetry plane b{010} afforded identical extinction 


angles in the stauroscope, namely, 3° 25’, with respect to the normal to 
e{001]}, the direction being backwards, as represented in Fig.13. This 


axis of the optical ellipsoid is, as usual] in the series, the second median 
line, and the other at right angles in the symmetry plane is the first 
median line. 

The sign of double refraction is positive, determined as before. The 
morphological axial angle ac being 73° 57', the orientations are as 
under. 


The first median line ¢ lies in the obtuse angle of the morphological 
axes ac, and is inclined 3° 25’ to the axis a. 

The second median line a lies also in the obtuse angle ac, and is 
inclined 12° 38’ to the vertical axis c. 

The first median line is also inclined 86° 35' to the normal to 
c{001}, and 12° 38’ to the normal to a{100}. Perrot gives 
85° 45’ for the former value. 


Optic Axial Angle.—Six section-plates were ground, three per- 
pendicular to the first, and three to the second median line. The 
angle in air is very large and difficult to observe properly, but the 


by 
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following trustworthy measurements were obtained for the three 
brighter colours. 


Determination of apparent Angle in Air of Rubidium Nickelous 


Sulphate. 

Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Rl edges bens ve sess 155° 55’ 156° 15’ 156° 0’ 156° 3’ 
BOs cH cv cece es 156 45 157 25 156 50 157 O 
_: ee 157 30 158 40 158 5 158 5 

Determination of true Optic Axial Angle of Rubidium Nickelous 
Sulphate. 
No. of | Observed No. of Observed Calculated 
section values section values values Mean 
Nature perp. Ist of perp. 2nd of of value of 
of light. medianline. 2Ha. medianline. 2Ho. 2Va. 2Va. 
] 72° 55’ la 86° 12’ 2° 2’) 
Bissix 2 73 12 2a 86 0 82 20 f 82° 5 
3 72 56 3a 86 32 81 52 
1 72 62 la 86 9 82 2 
© rccece 2 73 «3 2a 85 51 82 18 82 4 
3 72 48 3a 86 22 81 52 
1 72 32 la 85 47 82 0 
Na 2 72 37 2u 85 34 82 10 82 90 
3 72 28 3a 85 58 8L 50 
1 <j la 85 22 81 56 
Ti... ccs 2 72 5 2a 85 5 82 4 81 56 
3 72 8 3a 85 386 81 48 
1 71 38 la 8 3 81 46 
_ ere 2 71 30 2a 84 35 81 &6 81 48 
3 71 34 3a 85 6 81 42 


The immersion liquid for 2Ha and 2Ho was in every case mono- 
bromonaphthalene. The order of dispersion was confirmed by 
observation with white light in toluene, whose refractive index is 
near the mean index of the crystal. One brush was practically 
devoid of colour, while the other was brightly fringed with red 
inside (nearest the first median line), and blue outside, indicating a 
larger angle for red than for blue. 

Perrot gives 81° 43’ as the true angle for yellow light. 

Dispersion of the Median Lines.—The optic axis which remains 
nearly constant for all wave-lengths is the one which emerges nearly 
normal to 7{201}, the other, which is furthest removed from the 
stationary axis for red, is that emerging about 10° from 7'{201}. 
Hence the first median line is dispersed in such order that it lies 
nearer the morphological axis a for red than it does for blue, the 
amount of dispersion being about 10’. 

Effect of Rise of Temperature on the Optic Axial Angle.—Section 2 
was heated to 70°, when the apparent angle in air was found to be 
158° 55’. Hence 2E increases 14° for 50° rise of temperature. 
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Refractive Indices.—Six prisms were employed, ground upon three 
crystals, a complementary pair upon each. The results are as 
follows. 


Determination of Refractive Indices of Rubidium Nickelous Sulphate. 


| | 
| | | 
| » | | | | 
) ae Nature Crystal 1,| Crystal 2, Crystal 3, ae Perrot’s 
| light. | 2 prisins. ween ope: | index. | values. 
| | | 
. (| Li 1:4870 | 1°4869 1-4864 | 14868 | — 
Vibrations || C | 2°4874| 1°4872} 1-4871/ 1:4872 | 1:4874 
arallel 2nd J) 1°4894  1°4897 | 1°4894 1°4895 | 1:°4896 
ee ji) 2 1°4922  1°4922| 1°4917| 14920) — 
vs aaa SS 1°4950 | 1°4951 | 1°4947| 14949 | 1°4951 
= \| G | 14999 | 1°4995 | 1:4993| 14996 | = — 
| | | } 
(| Li | 1°4935| 14938 | 1-4932| 149388 | — 
Vibeations ||..© 1:4939 | 1:4987 | 1°4936 | 14987  1°4943 
aaiiien,A 1.20 1°4962 | 1:4961 | 1°4961 | 1:4961 | 1°4967 
P i y , || Tl | 1:4989 | 1°4986 | 1°4986 | 1:4987 —_ 
—— | F | 1°5020| 1°5017| 1°5015| 1:5017 | 1°5022 
| G@ | 175063 | 1°5062| 1°5060 1°5062 — 
A Li | 1-5023| 1°5023| 1-5022| 15028 _ 
Whentens | C | 1°5027! 1°5027; 1°5026| 15027 | 1:°5033 
ile! let | Na 1°5054 | 1°5051 | 1°5051| 1:5052 | 1°5058 
Laer i Tl  1°5080|} 1°5079| 1°5075| 1:5078 — 
aetee tine ||» 1°5112 | 1°6111 | 1°5108| 18110 | 1°5118 
sa \| G@ | 16157) 1°5154| 1°5158| 15166 ; — 


The intermediate axis 8, corrected to a vacuum, is accurately ex- 
pressed, for any wave length \, by the following formula. 


B = 1:4838 + ee __ 486 ae 000 


The « indices are given by the formula very closely if the constant 
1:4838 is diminished by 00066 and the y values if it is increased by 
00091. The former being the lesser difference determines the sign 
of double refraction to be positive. 

Effect of Rise of Temperature on Refraction.— Determinations of 
refractive index at 70° indicate that the indices are lowered about 
0°0015 for 50° rise of temperature. 

Ratio of Axes of Optical Velocity Ellipsoid.—The indices just given 
lead to the following values of these ratios 

a:b: c = 1:0044:1: 0°9940. 


+ eeeee 


Molecular Optical Constants —The indices when combined with the 
density and molecular weight yield the following numbers for these 
constants, 
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Axis of optical ellipsoid ........seseeeeees Me b. f. 
n® — 1) - 01115 01127 01145 


ific refraction, ~— + _ — 
Specific retraction, (s+ aa ° 1G. 01189 01151 o-1169 


fi ttt Pim 1 M _ 59°00 59°67 60°59 
Molecular refraction, wa3' a m G. 60°27 60-94 61-90 
Specific dispersion, ng — Ng...... -see 070024  0°0024  0°0024 
Molecular dispersion, tq — Mg ....--. «1°27 1:27 131 
Molecular refraction" =*M...... C. 99°92 10125 108-09 


These values are independent of temperature, as density and 
refraction vary in the same direction on change of temperature. 


Cesium Nickelous Sulphate, Cs,Ni(SO,)2,6H,0. 


A well-defined cleavage parallel 7'{201} is exhibited by the crystals 
of this salt in common with the rest of the series. Its direction was 
proved to be precisely 180° from r’ by measurement on the gonio- 
meter, the cleaved surfaces reflecting sharp images of the signal. 


Volume. 


Relative Density—Four determinations were made with different 
crops derived from two independent preparations. The results are 
as under. 

Weight of salt employed. Sp. gr. at 20°/4°. 


3°5401 2°8645 
3°1240 2°8701 
41118 2°8617 
4°9850 2°8649 
Mean.... 2°8653 
oS M _ 6243 a 
Molecular Volume. 7 = 3865 = 21791. 


Distance Ratios.—The axial ratio was previously shown to be 
a:b:c = 0°7270: 1 : 04984, 
and the axial angle 8 72° 58’. Combining these with the molecular 
volume, we obtain the following distance ratios. 
X: YW: w = 62289 : 85680 : 42703. 


Optics. 

The crystals of cesium nickelous sulphate exhibit optical properties 
of a particularly interesting nature. The sign of double refraction is 
negative, the reverse of what usually obtains in the series, and this 
is accompanied by a reversal of the median lines. Moreover, this 
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exceptional optical character will be subsequently shown, when a 
comparison of the potassium, rubidium, and cesium salts containing 
nickel as the second metal is made, to have an important bearing on 
the object of this investigation. 

Orientation of Axes of Optical Ellipsoid.—Two sections ground 
parallel to the symmetry plane 6{010} exhibited the following ex- 
tinction angles in the stauroscope with respect to the normal to 
c{001}. 

Section 1 ......00... 7 10 
Section 2 ....00.0... 7 O 


Mean.... 7 5 


Fie. 14. 


The direction is forwards, as indicated in Fig. 14. 

This direction is, however, the first median line, the second median 
line being the direction at right angles lying also in the symmetry 
plane, the usual order of first and second median lines for the series 
being thus reversed. 

That the sign of double refraction is negative is indicated both by 
the phenomena which are produced when a quarter undulation mica 
plate is introduced while observing the interference figure afforded 
by a section-plate perpendicular to the first median line, and by the 
relations of the maximum and minimum refractive indices to the 
intermediate index, as will hereafter be shown. 

The morphological axial angle being 72° 58’, the orientations may 
be stated as follows. 


The first median line, in this case a, lies in the obtuse angle of the 
morphological axes ac, and is inclined 24° 7’ to the vertical 
axes C. 

The second median line ¢ lies in the acute axial angle ac, and is 
inclined 7° 5' to the axis a. 

The first median line is also inclined 7° 5' to the normal to c{001} 
and 65° 53’ to the normal to a{100}. 
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Optic Axial Angle.—Three pairs of section-plates were ground 
perpendicular to the two directions of extinction in the symmetry 
plane, and it was on measuring the apparent optic axial angle in 
monobromonaphthalene exhibited by the first pair of sections, that it 
was found that the angle afforded by the plate perpendicular to what 
is generally the first median line in the series, was larger than the 
angle indicated by the section ground in the direction at right angles 
to this, and that therefore the median lines are reversed. Both angles 
are very large, so much so that none of the sections exhibited the optic 
axial brushes in air, only portions of rings. The following are the 
measurements with the various sections in monobromonaphthalene. 


Determination of true Optic Axial Angle of Coesium Nickelous Sulphate. 
No.of Observed No.of Observed Calculated 


section values section values values Mean 
Nature perp. Ist of perp. 2nd of of value of 
of light. medianline. 2Ha. medianline. 2Ho. 2Va. 2Va. 
1 78° 20’ la 82° 51’ 87° 4 
Ti... 2 78 16 2a 83 0 87 87° 15’ 
3 78 24 3a 83 5 87 4 
1 78 15 la 82 45 87 21 
Cc. 2 78 12 2a 82 54 87 14> 87 17 
3 78 18 8a 82 57 87 16 
1 78 2 la 82 28 87 22 
Na eece 2 ri f 59 2a 82 24 87 22 87 21 
3 78 «(1 3a 82 30 87 20 
1 77 42 la 81 54 87 29 
Tl. cece 2 77 44 2a 81 53 87 31 > 87 29 
3 77 42 3a 82 1 87 26 
1 77 23 la 81 10 87 43 
F.. 2 77 «15 2a 81 10 87 38 > 87 40 
3 77 «18 3a 81 13 87 38 


The order of dispersion was confirmed by observation of the 
interference figures afforded by Sections 1, 2, and 3 in cedar oil, 
whose refractive index is very nearly the same as the mean index of 
the crystal. Both the order of the colours in white light, and actual 
measurements for C and T! light, indicate a larger angle for blue 
than for red light. One of the axial brushes was practically immov- 
able for all changes of wave-length, whilst the other axis was con- 
siderably dispersed, being farthest from the immovable axis for blue 
light. 

Dispersion of the Median Lines.—The observations in cedar oil were 
supplemented by similar ones in benzene, whose refractive index is 
only slightly different from the mean index of the crystal but on the 
other side of that mean to cedar oil. Hence the mean of the two 
series of observations will probably be very near the truth. In cedar 
oil, the immovable axis was the one which emerges between a{100} 
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and r{201}, the axis which showed considerable dispersion being 
approximately normal to s'{101} (vide spherical projection, previous 
memoir, 463). In benzene, both axes showed dispersion, but only 
a very small amount, apparently the axis normal to s'{101} least. In 
both cases, the first median line was nearer to the vertical axis ¢ for 
blue than for red. The true dispersion of the axes themselves would 
appear to be that the axis emerging between a{100} and r{201} is 
very slightly dispersed and the other normal to s'{101} more so, the 
order for the two ends of the spectrum being as follows. 


ved | blue lst median line red | blue 

seer sammeael | | ~ v . 
axis between for for axis normal 
a{100} and r{201 }. red. blue. to s'{101}. 


From the readings in monochromatic light, the first median line 
would appear to be nearer the vertical morphological axis c by about 
15' for F than it is for Li light. 

The effect of rise of temperature could not be determined as the 
optic axes did not emerge in air owing to their large internal angle. 

Refractive Indices.—These were determined with six prisms, ground 
upon three different crystals, a pair upon each. The results are 
given in the accompanying table. 


Determination of Refractive Indices of Cesium Nickelous Sulphate. 


Ind Nature | Crystal1, Crystal 2, | Crystal 3, Mean refrac- 
respon of light. | 2 prisms. 2 prisms. | 2 prisms. | tive index. 
a (| i 1°5067 | 1°5060 | 1°5056 | 1°5061 
Vibrations par- | Cc 1°5070 | 1°5064 1 -5060 | 15065 
allel 1st 37 Na 1°5093 1 -5086 1 *5082 1°5087 
line a. (7° 5’ 5 Tl 1°5118 1°5110 1°5109 | 1°5112 
from normalto || =F 15150 | 1°5145 | 1°5143 | 1°5146 
e{001 }). L G 1°5198 1 °5190 1 °5189 1:5192 
( Li 1°5103 1 +5097 1°5101 1°5100 
C 1°5106 1°5101 1 °5105 1°5104 
Vibrations J Na 1 5130 1 °5125 1°5131 1°5129 
parallel symmetry Tl 1°5156 1°5151 1°5156 1°5154 
exisb (5). || F 1°5189 | 1°5185 | 1°5187 | 1°5187 
( G 1°5229 15238 1 °5238 1°5235 
(Lis | «15184 | 15180 | 1°5135 1:5183 
7 C | 1°5138 1°5134 1°5139 1°5137 
Vibrations J Na 1°5164 1 5161 1°5162 1°5162 
parallel 2nd Tl 1 °5189 1 ‘5189 1 °5189 1°5189 
median line ¢. F 1 5221 1°5221 1°5221 1°5221 . 
a G | 1°5263 1°5261 1°5273 1'5266 


It will be observed that the directions of vibration for the three 
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indices are as usual in the series, the direction for a, however, 
usually the second median line, is, in this salt, the first median line, 
and for 7 the second median line instead of the first median line as 
usual, 

The intermediate index f, corrected to a vacuum, is accurately 
expressed, for any wave-length \ to near F, by the formula 

B = 1:4980 + = _ 3 582 a 000 000 #4 

The « indices are closely reproduced if the constant 1°4980 is 
diminished by 00041, and the y values if it is increased by 0°0033. 
The former difference being greater than the latter, instead of less as 
usual throughout the series, determines the sign of double refraction 
to be negative. 

Effect of Rise of Temperature on Refraction.—Determinations at 70° 
indicate that the indices are lowered about 0°0016 by 50° rise of tem- 
perature. 

Ratio of Axes of Optical Velocity Ellipsoid.—The indices of refrac- 
tion furnish the following ratios along the three rectangular direc- 
tions of vibration. 


a:b:c¢ = 1:0028:1:09978. 
Molecular Optical Constants.—The calculated values of these con- 
stants are as under. 


Axis of optical ellipsoid.. .........+00++ a. b. t. 
Specific refraction, a tm 2 a Pe 01089 01045 0'1051 
(a? + 2)d x 01061 0°1068 0-1073 
7—1 M_ in be 6484 65°26 65°61 


» ° n 
Molecular refraction, 
10 


re tar ow G. 66°20 66°66 66°99 
Specific dispersion, ig — Ng ...eeseeeeces 0°0022 0°0023 0:0022 
Molecular dispersion, ittg — Mg .-+--eeees 1:36 1:40 1°38 


Molecular refraction, n M...... C. 11046 111°31 112°03 


These values will, as in the cases of the previous salts, be for the 
same reason independent of temperature. 


SALTS CONTAINING COBALT. 
Potassium Cobaltous Sulphate, K,Co(SO,)2,6H,0. 


Cleavage occurs readily parallel r’{201} ; the position of the cleaved 
surfaces was goniometrically verified to be 180° from the +’ faces, the 
images of the signal being sharply defined. 


Volume. 
Relative Density.—Four determinations with good crystals yielded 
the following results. 
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Weight of salt employed. Sp. gr. at 20°/4°, 
4°2793 2°2096 
42476 2°2123 
4°2982 2°2127 
4°4105 2°2142 


Mean eeee 2°2122 
Schiff obtained 2°154. 


M 4376 
Molecular Volume.—— = 5910 
Distance Ratios.—The axial angle B was previously shown to be 


=O 


7)° 5’, and the axial ratio 
a:b:c¢ = 07404: 1: 05037. 
Combination of these with the molecular volume affords the follow- 
ing distance ratios. 
Ww: x: w = 60625 : 81881 : 41243. 


= 197°83. 


Optics. 

Orientation of Aves of Optical Ellipsoid—Two sections were ground 
parallel to the symmetry plane b{010}, and were found to exhibit 
extinction angles in each case of 4° 50’ with the normal to c{001}, 
the direction being backwards, as represented in Fig. 15. Murmann 
and Rotter found it 4° 49’. 


This direction is as usual in the series the second median line, the 
first median line being at right angles to it in the symmetry plane. 

The sign of double refraction is positive, determined by the relations 
of the three refractive indices and confirmed by the quarter undula- 
tion mica. As the morphological axial angle ac is 75° 5’, the follow- 
ing are the orientations. 


The first median line ¢ lies in the obtuse angle of the mor- 
phological axes ac, and is inclined 4° 50’ to the axis a. 


=——e _ -_— —— 


n 


POTASSIUM, RUBIDIUM, AND CESIUM. 421 


The second median line a lies also in the obtuse axial angle ac, 
and is inclined 10° 5’ to the vertical axis c. 

The first median line is also inclined 85° 10’ to the normal to 
c{001} and 10° 5’ to the normal to a{100}. 


Optic Axial Angle.—Six section-plates were ground, three perpen- 
dicular to the first, and three to the second median line. Owing to 
the large amount of absorption at the blue end of the spectrum by the 
deep brownish-red crystals of this salt, measurements of the apparent 
optic axial angle in air and in monobromonaphthalene for F light are 
more difficult to obtain than usual, and require a powerful source of 
light ; it was consequently necessary to open the receiving slit of the 
monochromatic illuminator more than usual for the observations with 
F light. 


Determination of the apparent Angle in Air of Potassium Cobaltous 


Sulphate. 

Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
BE aside cv an ctcoes 114° 50’ 113° 12’ 113° 46’ 118° 56’ 
© rcccccccecccces 114 54 113 16 113 51 114 (OO 
NB oc cccccccccces 115 26 113 40 114 8 114 25 
eee 1146 7 114 12 114 28 114 56 
Fo ees eccccecees 117 0O 115 O 115 O 115 40 


Murmann and Rotter give 110° 10’ as the apparent angle in air; 
they further state that both axes are nearer to the median line for 
red than for blue, hence the angle was larger for blue, which agrees 
with the above measurements. 


Determination of true Optic Azial Angle of Potassiwm Cobaltous 


Sulphate. 
No.of Observed No.of Observed Calculated 
section values section values values 

Nature perp. 1st of perp. 2nd of of Mean 

of light. medianline. 2Ha. medianline. 2Ho. 2Va. 2Va. 
1 61° 82’ la 96° 1’ 69° 5’ 

ae 2 60 48 2a 96 16 68 24 68° 38’ 
3 60 52 3a 96 21 68 25 
1 61 30 la 95 48 69 8 

C. on 2 60 46 2a 96 ll 68 24 68 39 
3 60 4y 3a 96 15 68 25! 
1 61 21 la 95 23 69 12 

euiée « 2 60 34 2a 95 45 68 26 68s 41 
3 60 37 3a 95 51 68 26 
1 61 14 la 94 55 69 18 

2 60 21 Za 95 15 68 28 68 44 
3 60 25 3a 95 23 68 28 
1 6l O la 94 20 69 22 

i sx . 2 60 3 2a 94 35 68 31 6s 48 
3 60 10 8a 94 50 68 30 

VOL. LXIX. 26 
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The immersion liquid employed was monobromonaphthalene. 
Different crops of this salt appear to exhibit somewhat greater 
differences of optic axial angle than usual. The crystals investi- 
gated were from the same preparation as that used for the morpho. 
logical work, and shown by analysis to be pure. 

Murmann and Rotter give the true angle as 66° 56’, but only one 
plate was employed, and the true angle calculated by use of the mean 
refractive index of the salt, and the index of the immersion oil 
employed. They further state that the true optic axial angle is less 
for red than for blue. 

The order of dispersion was confirmed with Sections 1 and 3 by 
measurements while immersed in toluene, whose refractive index is 
almost exactly the mean of the crystal indices. The amount of dis- 
persion indicated was very small, which agrees with the calculated 
amount shown in the table of results, but the angle for blue was 
decidedly larger than that for red. 

Dispersion of the Median Lines.—The observations in toluene indi- 
cated clearly that the first median line is dispersed so that for red it 
lies nearer to the morphological axis a than for blue. This agrees 
with the observation of Murmann and Rotter. The amount indicated 
was 10—15’. Both axes exhibited slight dispersion in the same direc- 
tion, the one near the normal to r'{201} least. 

Effect of Rise of Temperature on the Optic Axial Angle.—Measure- 
ment of the apparent angle in air with Section 1 at 70° indicated that 
2E increases about 2° 15’ for 50° rise of temperature. 

Refractive Indices.—The six prisms employed were ground upon 
five different crystals, and the results are given in the accompanying 
table. The readings for F light were quite trustworthy, the absorp- 
tion in the crystal not being very material. 

As was observed with respect to the optic axiai angle, different 
crops exhibit slight differences of refractive index. 

Murmann and Rotter ascribe the values to # for red 1°482, for 
yellow 1-487, and for green 1°490. 

The intermediate axis f, corrected to a vacuum, is expressed, for 
any wave-length as far as F', by the formula 


B = 1°4737 + == _ 1 962 a 000 eee 


The « indices are closely reproduced if the constant *14737 is dimi- 
nished by 00058, and the values if it is increased by 0:0138. The 
former difference being the smaller, determines that the sign of double 
refraction is, as previously stated, positive. 
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Determination of Refractive Indices of Potassium Cobaltous Sulphate. 


| | Mean 

Crystal 1, | Crystal 2,| Crystal 3, Crystal 4, | Crystal5, | refrac- 

2 prisms. | 1 prism. | 1 prism. | 1 prism. | 1 prism. tive 
index. 


' 


*4789 ; | 1°4780 
*4793 . | 1°4784 
‘4817 | 1° /1°4807 
: | “4850 | ‘4971 : '1°4861 
bal -4892 | 1°4916 4904 


4849 . "4836 | : ‘4838 
| 1°4853 . 4840 | 1° "4842 
Vibs. par. | N . | 1°4877 . 4866 | 1°48 *4865 
symmetry ; | 1°4900 . 4889 | 1° ‘4889 
axis b (b) . | 1°4932 *493 °4919 *490% "4919 
. | 1°4972 "4964 ie ‘4961 


: ae ‘4973 | 1° ‘4973 

7 iM. we 4977 | 1° 4977 

oe : ‘5004 | 1° -5004 
- | , | } “5028 | . . 

dian line aan 3 "5028 : "5028 

/ _— 5038 5059 

a ‘5111 5097 1°5105 


Effect of Liise of Temperature on Refraction.—Determinations of 
refractive index at 70° indicated a lowering of the indices by about 
0-0020 for 50° rise of temperature. 

Ratio of Axes of Optical Velocity Ellipsoid.—The values of these 
constants, derived from the indices, are as under. 


a:b: c¢ = 1:0089: 1 : 0°9907. 


Molecular Optical Constants —The following values were deduced 
from the indices, combined with the density and molecular weight. 


Axis of optical ellipsoid ............+ a. b. 3 
n?— 1 ce 071282 01295 01325 
G. 01309 01322 0°1354 

Molecular refraction, - _ 5° ‘ ren hoe ae 
Specific dispersion, ng — Mc <a 0:0027 0°0027 0°0029 

Molecular dispersion, mg — Mc 1°20 118 1:26 


Molecular refraction, ~— -C. 9472 95°37 98°54 
€ 


Specific refraction, 


These values will be substantially constant for all tempera-ures at 
which the crystals of the salt are capable of existing, as refraction 
and density vary in the same direction for change of temperature. 

242 
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Rubidium Cobaltous Sulphate, Rb,Co(SO,).,6H,O. 


The crystals exhibited an excellent cleavage parallel 7'{201}. The 
direction was proved to be exactly 180° from r’ by goniometrical 
measurement, the fractures affording well-defined images of the 
signal. 


Volume. 


Relative Density—Four determinations were made with different 
crops of clear crystals derived from two independent preparations ; 
the two last determinations were carried out with crystals which 
were respectively dark brownish-red and ruby-red, in order to ascer- 
tain if any difference in density were apparent. The results will be 
seen, from the table given below, to be nearly identical in these two 
cases. 

Weight of salt employed. Sp. gr. at 20°/4°. 


3°7399 2°5529 
48409 2°5571 
5°9019 2°5573 
49051 2°5591 


Mean.... 2°5566 
Perrot ascribes the density 2°56 to this salt, his individual values 
varying from 2°540 to 2°577. 
M 530 
q 2557 207-28. 
Distance Ratios——The axial angle was previously shown to be 
73° 59’, and the ratio of the axes 
a:b:c¢ = 0°7391:1: 05011. 
Upon combination of these constants with the molecular volume, 
the following distance ratios are obtained. 


x: %:w = 61718 : 83505 : 41844. 


Molecular Volume.— 


Optics. 
Orientation of Axes of Optical Ellipsoid.—Two section-plates 
ground parallel to the symmetry plane b{010} exhibited the following 
extinction angles with respect to the normal to c{001}. 


a - O° 10’ forwards. 
SS See 0 10 backwards. 


Mean.... 0 8) 


The direction of extinction is thas found to be exactly normal to 
the. basal plane, as represented in Fig. 16. This direction is the 


“Se 
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second median line, the first median line being coincident with the 
cerystallographical axis a. 


Fie. 16. 


oo 


The sign of double refraction is positive, proved as in the cases of 
the foregoing salts. The morphological axial angle being 73° 59’, the 
orientation is as follows. 


The first median line ¢ is coincident with the morphological axis a. 

The second median line a lies in the obtuse angle of the morpho- 
logical axes ac ; it is precisely normal to c{001}, and is inclined 
16° 1’ to the vertical axis c. 

The first median line is consequently inclined exactly 90° to the 
normal to c{001}, and is inclined 16° 1' to the normal to a{100}. 


Perrot states that the first median line is inclined 85° 15’ to the 
normal to {001}, which differs somewhat from the orientation of the 
principal optical directions afforded by the author’s crystals. 

Optic Axial Angle.—Three section-plates were ground perpendicular 
to the first median line. The fact that the second median line is 
exactly normal to the basal plane rendered it unnecessary to grind 
plates perpendicular to this median line, and three crystals exhibiting 
plane and large c{001} faces were consequently employed for the 
observations of 2Ho. Powerful illumination is required with F light, 
owing to absorption by the red crystals. 


Determination of apparent Angle in Air of Rubidium Cobaltous 


. Sulphate. 

Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Td ccccccyessce JOP 129° 24’ 130° 25’ 129° 46’ 
Curcrccccccccese 129 34 129 28 130 30 129 51 
re eccccce 129 54 129 48 130 51 130 10 
Ti decews segues 130 9 130 6 131 12 130 29 


Bivcsesscaccence: SO Oe 130 33 131 38 180 55 
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Determination of true Optic Axial Angle of Rubidium Cobaltous 
Sulphate. 


No.of Observed No.of Observed Calculated 
section values plate values 

Nature perp. Ist of perp. 2nd of 

of light. median line. 2Ha. - median line. 


1 J la 
ee 2 2a 
3 3a 
f? la 
[3 j 2a 
3 j 3a 
la 

2a 

3a 

la 

2a 

3a 

la 


2a 
3a 


-_ 


— 


a 


_ 
KON NED OO 


~ 


75 


or 
Deo 


The immersion liquid was monobromonaphthalene in each case for 
the observation of 2Ha and 2Ho. The order of dispersion was con- 
firmed by observations in toluene, whose index of refraction is the 


same as the § index of the crystals; the angle for red was clearly 
larger than that for blue. 

Perrot gives the angle as 75° 5’ for sodium light. 

Dispersion of the Median Lines.—The observations in toluene clearly 
indicated that the optic axis which emerges between a{100} and 
r{201} is invariable for all colours, whilst the other axis is dispersed 
so that for red it is furthest removed from the immovable axis. 
The first median line is consequently dispersed so that for blue it is 
8—10’ nearer to the immovable axis than for red. 

Effect of Rise of Temperature on the Optic Axial Angle.—Measure- 
ments with Section 1 at 70° indicate that the apparent optic axial 
angle in air increases about 2° for 50° rise of temperature. 

Refractive Indices——Six prisms were ground upon four different 
crystals ; the results obtained with them are given in the accompany- 
ing table. The absorption for F light was insufficient to cause 
material trouble in obtaining good readings for this wave-length. 

As in the case of the potassium cobalt salt, different crops are 
found to exhibit slight differences of refractive index. Perrot re- 
marked this, and convinced himself that they were not due to 
impurity, a conclusion which is fully borne out by the present work 
with preparations of undoubted purity. 

The intermediate index f, corrected for a vacuum, is accurately 
expressed, for any wave-length ) as far as F, by the formula 
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B = 1°4789 + —S- 1 841 sae 000 000 4 

The a indices are very closely reproduced if the constant 1°4789 is 

diminished by 0°0057, and the + indices if it is increased by 0-0098. 

The positive nature of the double refraction is evident from the fact 
that the former is the smaller difference from £. 


Determination of Refractive Indices of Rubidium Cobaltous Sulphate. 
| | Mean 
Crystal 1, Crystal 2, | Crystal 3,|Crystal 4,| refrac- | Perrot’s 


2 prisms. | 2 prisms. | 1 prism. | 1 prism. | tive | values. 
| index. 


} 
| 
| 
| 


-4834 | 1-4888 
4838 | 1°4887 
‘4861 | 11-4859 


isan) 
. . ° . . . 


‘4893 
‘4895 | 14896 
‘4919 | 1°4919 
"4943 | 1-4943 
‘4972 | 1°4969 
‘5015 | 1°5018 


8 
Vibs. par. 
symmetry 
axis } (b) 


4976 | 
4983 | 
5005 | 
5033 | 
15062 
| "5104 | 

Effect of Rise of Temperature on Refraction—Determinations at 70° 
indicate that the indices are lowered about 0°0016 by 50° rise of 
temperature. 

Ratio of Azes of Optical Velocity Ellipsoid—These are as follows. 

a:b: ¢ = 1:0038 : 1 : 09935. 

Molecular Optical Constants.—The calculated values of these con- 
stants, obtained by combining the refractive indices with the mole- 
cular weight and the density, are as under. 

Axis of optical ellipsoid ............- a. b. t. 

; : vw—1l _ C. 01119 01130 01149 
Specific refraction, GF + 2a +34 ~ Besse “te 01142 01153 0-1173 
= — pte 59°90 60°89 

. 6053 61:12 62:18 
Specific dispersion, ng — mg 0:0023 0:0023 0-0024 
Molecular dispersion, mg — me 1-22 1-22 1°29 


-4988 “4990 
‘4991 “4995 | 
“5018 ‘5018 | 
5040 | 1°5041 
‘5073 ‘5070 
“5119 | 1°5119 


1°4989 | 1°4985 
1°5014 | 15012 
1°5038 _ 
1°5068 | 15069 
1°5114 | _ 


7 
Vibs. par. 
lst me- 
dian line 
c 


j 
| 
j 
| 
' 
| 


llitil 188888 188 
seee2 | 2% 


a ee ee 


, 
} 
L 
( 
| 
} 
| 
L 


Molecular refraction, ~———~ 
n+ 2 


a=— 
Molecular refraction, 
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These values will again be independent of temperature, as change 
of the latter causes both refraction and density to vary in the same 
direction. 


Cesium Cobaltous Sulphate, Cs,Co(SO,).2,6H,0. 


There is a good cleavage parallel r'{201}. The cleaved surfaces 
were proved by direct measurement to be exactly 180° from 7’; this 
was rendered possible by the perfection of the reflection of the gonio- 
meter signal from the plane fracture. 


Volume. 


Relative Density—Four determinations were made with different 
crops of perfectly transparent crystals derived from two independent 
preparations. The results are given beneath. 


Weight of salt employed. Sp. gr. at 20°/4°. 
4°6173 2°8391 
4°1226 2°8372 
3°7098 2°8365 
4°4523 2°8350 

Mean...... 2°8370 


M 625 
Molecular Volume.—> = 9-237 = 220°30. 


Distance Ratios.—It was previously shown that the axial angle £ is 

72° 52’, and the axial ratio 
a:b: ¢ = 0°7270:1: 0°4968. 

When combined with the molecular volume the following distance 

ratios are afforded. 
xX: YW: w = 62595: 86101 : 42775. 
Optics. 

Orientation of Axes of Optical Ellipsoid.—Two sections were ground 

parallel to the symmetry plane 6{010}. Each exhibited an extinc- 


Fig. 17. 


a — 6h .”|l!l—— |: lO 
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tion angle with respect to the normal to the basal plane c{001} of 
9° 0’ forwards, as represented in Fig. 17. 

This direction is the second median line, as is normally the case 
throughout the series, the first median line being the other direction 
of extinction, at 90° to this, in the symmetry plane. 

The sign of double refraction is positive, proved as before by the 
quarter undulation mica and the relations of the refractive indices. 
The. morphological axial angle ac being 72° 52’, the orientation is as 
follows. 


The first median line ¢ lies in the acute angle of the morphological 
axes ac, and is inclined 9° 0’ to the axis a. 

The second median line a lies in the obtuse axial angle ac, and is 
inclined 26° 8' to the vertical axis c. 

The first median line is also inclined 99° 0' to the normal to ¢{001}, 
and 26° 8’ to the normal to a{100}. 


Optic Axial Angle.—Six section-plates were ground, three perper- 
dicular to the first and three to the second median line. The appa- 
rent angle in air is very large, and consequently difficult to observe, 
particularly in the case of such feebly doubly refractive substances «s 
the cesium salts of this series, whose section-plates require to be 
relatively very thick to yield well-defined interference figures. The 
three sections perpendicular to the first median line were very gocd 
ones, but 2E was only afforded approximately. For sodium light the 
values obtained were 157° 50’, 154° 10’, and 158° 0’. The mean angle 
156° 40’ for.2E is probably as near the truth as can be obtained for so 
large an angle. 


Determination of true Optic Axial Angle of Cesium Cobaltous Sulphate. 


No. of Observed No.cf Observed Calculated 
section values section values 
Nature perp. Ist of perp. 2nd of 
of light. median line. 2Ha. median line. 2Ho. 
93° 45’ la 87° 52’ 
py eae 2 35 2a 86 - 55 
3 8 3a 87 55 


49 la 87 47 
30 2a 86 52 
3 3a 87 52 


25 la 87 35 
5 2a 86 40 
50 8a 87 42 


10 la 87 25 
40 2a 86 23 
35 3a 87 30 
50 la 87 10 
10 24 86 3 
16 3a 87 14 


onr 
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The true angle was determined as usual by immersion in mono- 
bromonaphthalene and observation of 2Ha and 2Ho. Very intense 
light is essential in order to measure the angles for F light. 

The order of dispersion was proved by measurements with Sections 
1, 2, and 3 while immersed in cedar oil, whose index of refraction is 
near the mean index of the crystal ; the angle in each case was about 
20’ larger for red than for greenish-blue. 

Dispersion of the Median Lines.—The observations in cedar oil 
further indicated that the optic axis which emerges between a{100} 
and {201} is immovable for all colours, while the other axis is dis- 
persed so that for red it is furthest from the fixed axis. The first 
median line is therefore dispersed so that for F light it lies about 10! 
nearer to the morphological axis a than it does for Li light. 

No observations of the optic axial angle were made at higher tem- 
peratures, owing to the difficulty of obtaining exact measurements of 
2E on account of the exceptionally large angle. The error of the 
measurements was about as great as the usual alteration of the angle 
for 50° rise of temperatare. 

Refractive Indices.—Six prisms were ground upon four different 
crystals. The results are given in the accompanying table. 


Determination of Refractive Indices of Cesium Cobaltous Sulphate. 


= " ' Crystal " Crystal 2,| Crystal 3,| Crystal 4, 
| lioht, | 2 Prisms. | 2 prisms.| 1 prism. | 1 prism. 

‘Binasat | 
fi. Bs ‘5022 | 1°5028 . 1:5028 
Vihestions |} © ‘5026 | 1°5082 . 1°5082 
ian J Na 5055 | 1°5054 ; 1:5057 
P dian line ‘5077 | 1°5078 ‘ 15079 
a 5109 5111 . 1°5112 
a. "5159 ‘5160 1:5159 


Mean 
refractive 
index. 


Index. 


"5054 "5057 
5058 5061 
5086 
*5111 
5142 
5189 


1°5057 
1°5061 
1°5085 
1°5110 

1°5142 
1°5188 


Vibrations 
parallel sym- + 
metry axis } 


*5102 
¥ | "5106 
Vibrations : *5131 
parallel lst | ; "bi "5158 
median line ¢. ; “5191 
{ "5236 


1°5102 
1°5106 
1°5132 
1°5156 
1°5187 
1°5237 


Bee eee ee ee ee 


The amount of absorption in the greenish-blue is not sufficient to 
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so seriously diminish the intensity of the images of the spectrometer 
slit for F light as to render the readings untrustworthy, the lime- 
light furnishing ample light even when the slits of the monochroma- 
tic illuminator are very fine. 

The intermediate index B reduced to a vacuum is accurately ex- 
pressed, for any wave-length \ as fur as near F, by the following 


formula 
B = 14952 + —— _ 1971 — 000 000 4 

The a indices are closely reproduced by the formula if the constant 
1:4952 is diminished by 0°0029, and the y¥ indices if it is increased by 
0:0046. The former number, being the smaller, determines the 
positive nature of the double refraction. 

Effect of Rise of Temperature on Refraction—Determinations at 70° 
indicated that the refractive indices are lower at that temperature by 
about 0°0018 than they are at the ordinary temperature. 

Ratio of Axes of Optical Velocity Ellipsoid.—These are as follows 
for the crystals of this salt. 


a:b: ¢ = 10019: 1 : 0°9969. 
Molecular Optical Constants.—The refractive indices lead to the 
following constants. 


e®eee 


Axis of optical ellipsoid a. b. t. 
we ky ‘ eo 0°1043 0°1048 0°1056 
(n? + 2)d "" LG. 01065 01070 01079 
fi By m4 6519 6551 66:00 
né+2°d G. 6657 6689 67°41 
Specific dispersion, ng — Nc 00022 0°0022 0°0023 
Molecular dispersion, mg — mz 1:38 1-38 1°41 


Misicules seliaetion. nt 110°95 11158 112°57 


As in the cases of the other salts of the series these constants will 
be independent of temperature, refraction and density varying to- 
gether for change of temperature. 


Specific refraction, 


Molecular refraction, 


SALTS CONTAINING COPPER. 


Potassium Copper Sulphate, K,Cu(SO,)2,6H,0. 


The crystals of this salt exhibit cleavage parallel r'{201} in com- 
mon with the other salts of the series. Good images of the gonio- 
meter signal were obtained from the fractures at exactly 180° from 
the 7’ faces. 

It was remarked in the former memoir concerning the morphology 
of the series (p. 397) that the crystals of this salt were usnally more 
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or less opaque, and that the analytical results for SO; were slightly 
low. It was pointed out that this was certainly not due to the 
presence of any other salt crystallising isomorphically with it, and 
that, therefore, it would not affect the angles of the crystals. It was 
suggested that it was in all probability due to a minute quantity of 
foreign matter mechanically included. Further work with the salt 
confirms this supposition. When a thin crystal or a section-plate is 
examined with a high power of the microscope the opacity is seen to 
be due to myriads of small cavities containing mother liquor. 
Powdering the salt and subsequent drying for an hour at the ordi- 
nary temperature on porous porcelain, of course, removes the larger 
ones; but the finest powder still consists of particles retaining minute 
cavities. Hence the slightly low analytical results. For the gonio- 
metrical investigation this property is naturally of no consequence, 
and, even if it were, the crystals selected for measurement were the 
most transparent that could be obtained. The same applies to the 
optical investigation, which was necessarily carried out with crystals 
of the highest procurable transparency. The determinations of 
density are more liable to be affected by it, the effect being to lower 
the results. The greatest care, however, was taken to render its 
effect as minute as possible by bestowing special trouble on the 
powdering and air drying, passing the dust through a sieve of the 
finest platinum gauze in order to weed out all coarser particles. 
Evidence will be subsequently given in comparing the densities of the 
salts of the series, that the error has in all probability been reduced 
to within the limits of experimental error in carrying out density 
determinations. 


Volume. 


Relative Density.—Four determinations were carried out with the 
precautions above specified, the crystals employed being as trans- 
parent as could be obtained, of small size, and from different prepara- 
tions. The resnlts are stated below. 


Weight of salt employed. Sp. gr. at 20°/4°. 


44867 2°2228 
41229 2°2244 
4°5166 2°2227 
4°1518 2°2257 


Mean ...e6. 22239 


This mean value is considerably higher than the numbers given by 
Joule and Playfair, 2°164, and by Schiff, 2°137, and is, undoubtedly, 
very near the truth. The air-drying was not sufficiently prolonged 
to admit any source of error due to efflorescence, it being only con- 


Ps | 


a — —_ ee = | 
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tinued until the particles exhibited no tendency to adhere to a glass 


rod. 


SRR AR ee 0 
Molecular Volume. 7 sam = 198-29. 
Distance Ratios.—The axial angle 8 was previously shown to be 
75° 32’, and the axial ratio 


a:b:c = 0°7490: 1: 05088. 
The distance ratios obtained by combining these with the molecular 
volume are 


>: w = 60893 : 8:1300 : 4°1366. 
Optics. 

Orientation of Axes of Optical Ellipsoid—T wo sections were ground 
parallel to the symmetry plane b{010} upon two very emall, but well 
developed and transparent, crystals. All the sections and prisms for 
the optical investigation of this salt were ground upon very small 
crystals on account of their greater transparency; there is no diffi- 
culty in carrying this out with the new grinding instrument, delicate 
manipulation being all that is required. 

The peculiarity of the three salts containing copper, owing to the 
marked individuality of the latter metal as compared with that 
exerted by each of the dyad metals in the salts previously described, 
a phenomenon which was pointed out with respect to the morphology, 
at once begins to manifest itself in the orientation of the axes of 
optical elasticity. ‘The two sections exhibited extinctions on the for- 
ward side of the normal to the basal plane, as shown in Fig. 18, 
whereas the potassium salts of the series usually show it behind the 
normal, The angles were 


eae 4° 0 
BOOS: 6 cicdiceecoced 4 10 


Mean...... 4 5 


Fie. 18. 
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Murmann and Rotter found an extinction angle of 4° 23’ on the 
same side. , 

This direction is the second median line, the first median line being 
as usual the direction at right angles in the symmetry plane. 

The sign of double refraction is positive. The morphological axial 
angle being 75° 32’, the following is the orientation. 


The first median line, c, lies in the acute angle of the morpho- 
logical axes ac, and is inclined 4° 5’ to the axis a. 

The second median line, a, lies in the obtuse angle ac, and is 
inclined 18° 33' to the vertical axis c. 

The first median line is also inclined 94° 5' to the normal to c{001}, 
and 18° 33’ to the normal to a{100}. 


Optic Axial Angle.—Six sections were ground, three perpendicular 
to each median line, out of small, but transparent, crystals. The 
results obtained with them are given in the accompanying tables. 


Determination of apparent Angle in Air of Potassium Copper Sulphate. 


Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
TE cc cccvesvcceces 71° 40 71° 30’ 70° 46’ 71° 19’ 
© ncccccccccccees 71 47 71 37 70 50 71 25 
Wass - 006 cvccrcees 72 42 72 18 71 20 72 #7 
Bheajs9.¢9 cpcces cece 73 «(43 738 5 72 20 73 «3 
FF cccccceccsecece 75 60 74 O 73 40 74 13 


The apparent angle in air was given by Murmann and Rotter as 
76° 12’. 


Determination of true Optic Axial Angle of Potassium Copper Sulphate. 


No. of Observed No. of Observed Calculated 
section values section values values 
Nature perp. Ist of perp. 2nd of of Mean 
of light. medianlinc. 2Ha. medianline. 2Ho. 2Va 2Va. 
1 41° 20 la 111° 55’ 46° 8 
| 13 41 13 2a lll 45 46 4 } 46° 1’ 
3 41 0 3a 1ll 56 45 50 
1 41 22 la 111 50 46 12 
os. F 41 17 2a lll 37 46 10 } 46 6 
3 41 5 3a 111 50 45 56 
ry 41 32 la 110 35 46 40 
ae 3 41 33 2a 10 45 46 38 } 46 32 
3 41 15 3a 110 56 46 18 
1 41 45 la 109 35 47 8 
ise \2 41 46 2a 109 40 47 7 } 47 0 
13 41 25 3a 109 50 46 44 
1 42 0 la 108 10 47 44 
F ies 2 4z2 0O 2a 108 35 47 38 47 33 
3 41 40 3a 108 35 47 18 


Monobromonaphthalene was employed as immersion liquid in the 
measurements of 2Ha and 2Ho. 
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An indirect determination of Murmann and Rotter by use of one 
plate and the mean index of refraction, afforded the angle 48° 53’. 
The dispersion is considerable, as will be seen from the table. Its 
order and approximate amount were confirmed by observations in 
toluene, whose refractive index is very near the mean index of the 
crystal. 

Dispersion of the Median Lines.—The observations in toluene, with 
the two larger sections perpendicular to the first median line, indicated 
that the optic axis nearly normal to r'{ 201} is almost fixed for all 
colours, whilst the other axis, not far from normal to a{100}, is dis- 
persed, so that for blue it is furthest from the stationary axis. Hence 
the first median line is dispersed so that for blue it lies nearer to the 
crystallographic axis a than for red, the amount of difference between 
Li and F being a little over half a degree. 

Effect of Rise of Temperature on Optic Axial Angle——Section 1 was 
heated to 70°, and at this temperature the apparent angle in air 2E 
for C light was 80° 30’, for Na light 81° 30’, and for TI light 82° 30’: 
Hence the apparent angle in air increases by no less than 9° for 50° 
rise of temperature, an amount of change larger than has been 
observed in any other salt of the series, excepting the abnormal 
cesium magnesium salt. 

Refractive Indices.—The following are the results of the determina- 
tions of refractive index, with six prisms, whose grinding upon the 


+ 


Determination of Refractive Indices of Potassium Copper Sulphate. 


j | | 

Nature ’ ° | Mean 
Index. of _—— 1, Orytal 2, oe 3, ean 4,| refractive 

light. prism. prism. | 2 5 as. | 2 prinms, | "index. 

| 

a: — 1°4808 | 14809! 1-4803 | 1°4807 

onan C — 1°4812 | 1°4814| 1°4807 | 1°4811 
roe, Na — | 1°4836 | 1°4837| 1-4885| 148386 
parallel 2nd 4 | iq) dip 1°4863 | 1°4862| 1°4858| 1°4861 
median line F — | 1-4895| 1-4893| 1-4890| 1-4898 
” [| @ - 14945 | 14942) — 14944 
Li 1°4834 | 1°4836 | 1°4887 | 1°4830!] 1°4884 

m 3 C 1'4838 | 174840 1°4841| 1°4834| 14838 
Vibrations Na | 1:4864/| 1°4965| 1°4866| 1°4859| 1-4864 
parallel A 94 Tl 1:4890 | 1°4891 | 1°4890| 1-4886| 1-4889 
metry axis F 1-4923 | 1:4924| 1-4922| 1-4920/ 1-4922 
i| @ nes 1°4977 | eed on 1°4975 

Li 1 +4993 — | 1°4992! 1-4985 | 14990 

‘eal C 1-4997 an 1-4996 | 14989 | 1-4994 
erations 1| Nw | 1-5021 — | 1-5022! 1-5017| 15020 
oe ae eo Tl 1 °5048 abs = 1°5049 | 1°5044 | 1:5047 
median line F 1°6081 — | 1°6083 | 1-5080 | 1-081 
t G — — | 1°134/ — 1:5134 
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small crystals, which alone are sufficiently transparent, required 
unusually delicate manipulation. 

The excellent agreement of the values obtained from the four 
differeut crystals affords noteworthy testimony of what can be done 
with the new grinding instrument. Two of the crystals employed, 
chosen in preference to larger ones on account of their perfect trans- 
parency and perfection of development, were scarcely larger than the 
head of an ordinary pin, and on one of these (crystal 3) two prisms 
were ground having faces which were verified to be accurately 
orientated in the directions theoretically desirable in order to afford 
all three indices. The images of the spectrometer, ‘“‘ Websky ” slit, 
refracted through these miniature prisms, moreover, were quite 
brilliant, even up to G, using the ordinary eye-piece affording 
images apparently an inch long, and illuminating in the ordinary 
manner with the slits of the monochromatic illuminator quite fine, 
the lime-light being the source of light. 

The rough f indices given by Murmann and Rotter differ con- 
siderably from the values now presented. They are for end red, 
1-488 ; bright red, 1°489; yellow, 1°491; green, 1°493; greenish-blue, 
1°495; and blue, 1°498. 

The £ indices, corrected to a vacuum, are accurately afforded, for 
any wave-length \ to near F, by the following formula. 


B = 1-4700 + ere _ 5 063 een 000 ia 80 


The @ indices are closely reproduced (to within 0°0001) if the con- 
stant 14700 is diminished by 0°0028, and the y indices if it is 
increased by 0°0157. The former difference, being smallest, deter- 
mines that the double refraction is positive, and the relatively very 
small amount of that difference causes the optic axial angle also to 
be small. 

Effect of Rise of Temperature on the Refraction—Some difficulty 
was experienced in obtaining trustworthy determinations of refractive 
index at 70° in the case of this salt, on account of decomposition and 
the resulting opacity. The results indicated conclusively, however, 
that the indices are lowered to about the same extent as was found 
for the other salts of the series, the particular mean amount indicated 
being 0°0020, with a possible error, from the cause mentioned, of 
00005. 

Ratio of Axes of Optical Velocity Ellipsoid.—The indices given 
afford the following ratios. 


a:b:c¢ = 10019: 1: 0°9896. 


Molecular Optical Constants.—These are as under. 


<—_ -_k+} & tee 
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Axis of optical ellipsoid .......... esse a. b. c. 
, , z7—] ‘C. 01281 01287 01322 
‘ Cc fi f t 9 - «nah. = ee { 

Bpeciio retraction, (ad " °° 1G. 01811 01818 0-1353 
Molecular refraction, v=! ¥ =m fo =. re oe 


a+ 3° G. 5781 5811 59°68 
Specific dispersion, ty — Mg ..seeeserees 00030 0:0031 0°0031 
Molecular dispersion, tg — Mg ...0-- +s 1°33 1:36 1:38 
Molecular refraction, “— 1 ™........ ©. 9548 9601 99-11 


These values will be independent of temperature, as alteration of 
the latter evokes changes of refraction and density in the same 
direction. 


Rubidium Copper Sulphate, Rb,Cu(SO,).,6H,0. 


The common cleavage of the series, parallel ’{201}, was verified on 
this salt, which exhibits it as well developed as usual. The cleaved 
surfaces reflected sharp images of the signal, at exactly 180° to 7’. 


Volume. 


Relative Density —Four determinations were made with crystals as 
free as possible from traces of opacity, belonging to different crops 
derived from two distinct preparations. The same precautions were 
taken as in the case of the potassium salt. The results were as 
stated below. 


Weight. of salt employed. Sp. gr. at 20°/4°. 


3°4659 2°5652 
3°5799 2°5682 
49711 2°5735 
42749 2°5726 


Mean.... 2°5699 


Perrot found the density 2°58 at 15°. 
M _ 533°4 e 

Molecular Volume.—- * a = 207°55. 

Distance Ratios—The axial angle was previously shown to be 
74° 42', and the axial ratio: 

a:b:c = 07490: 1 : 0°5029. 

Combination with the molecular volume affords the following dis- 

tance ratios. 


X22: w = 62147 : 82974: 41727. 


Optics. 

Orientation of Axes of Optical Lllipsoid.—Two clear sections 
parallel to the symmetry plane {010} were obtained by grinding, 
VOL. LXIX. 2u 
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and found to yield the following extinction angles with respect to the 
normal to c{001}. 

Section l.... 

Section 2 


The direction is forwards as shown in Fig. 19, and much more 
forwards than in any other rubidium salt of the series. This direc- 
tion is, as usual in the series, the second median line; the first 
median line being the perpendicular direction in the symmetry plane. 

The double refraction is of positive sign, determined by the rela- 
tions of the refractive indices, and readily demonstrated by the use 
of the quarter undulation mica, The morphological axial angle being 
74° 42’, the orientations are as under. 


The first median line ¢ lies in the acute angle of the morphological 
axes ac, and is inclined 11° 10’ to the axis a. 

The second median line a lies in the obtuse angle ac, and is inclined 
26° 28’ to the vertical axis c. 

The first median line is also inclined 101° 10° to the normal to 
c{001}, and 26° 28’ to the normal to a{100}. 


Perrot gives the inclination to {001} as 102°. 

Optic Axial Angle.—The following measurements were obtained 
with six section-plates, ground perpendicular to the first and second 
median lines. 


Determination of apparent Angle in Air of Rubidiwm Copper Sulphate. 


Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Li cccccccccccecs 68° 56’ 68° 30’ 68° 22’ 68° 36’ 
© ceccccccccesees 69 2 68 35 68 28 68 42 
ING oc cc cccccccece 69 19 69 0 69 5 69 8 
Tl ven. cowie cccece 69 36 69 28 69 42 69 35 
F onc ccccccccvcce 70 O 70 10 70 25 70 12 
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Determination of true Optic Axial Angle of Rubidium Copper Sulphate. 
No.of Observed No. of Observed Calculated 


section values section values values 
Nature perp. lst of perp. 2nd ot of Mean 
of light. median line. 2Ha. medianline. 2Ho. 2Va. 2Va. 
g: 39° 49’ la iT s&s 44° 24’ 
ee 2 39 44 2a 112 50 44 23 44° 26’ 
3 39 51 3a 112 40 44 32 
1 39 50 la 112 55 44 28 
are F 39 45 2a 112 43 44 26 44 29 
3 39 52 3a 112 35 44 34 
Bg! 39 53 la 1i2 15 44 40 
Na 2 39 49 2a 112 0 44 40$ 44 42 
3 39 55 3a 1ll 55 44 46 
1 39 57 la 111 30 44 6541 
Tl . 3 39 54 2a lll 17 44 54 44 57 
3 39 5Y 3a 111 10 45 2 
1 40 2 la 110 40 45 12 
t4sue : 40 0O 2a 110 20 45 14 45 15 
3 40 5 3a 110 20 45 20 


Monobromonaphthalene was the immersion liquid for 2Ha and 2Ho. 
The order of dispersion was confirmed by observations in toluene, 
which clearly indicated that the angle for blue is greater than that 
for red. 

Perrot found it 44° 30' for sodium light, using a plate approximately 
perpendicular to the first median line, and knowing the f index of 
refraction. 

Dispersion of the Median Lines.—The observations in toluene 
further indicated that the optic axis which emerges between r’ {201} 
and s'{101} is almost constant for all colours, whilst the other axis 
nearly normal to a{100} is dispersed so that for red it is nearer to 
the fixed axis than it is for blue. The first median line, therefore, is 
dispersed so that for blue it lies nearer to the morphological axis a 
than it does for red; the amount of dispersion indicated between 
Li and F was about 15’. 

Effect of Rise of Temperature on Optic Axial Angle.—Section 2 was 
heated to 70°, and the apparent angle in air measured at that 
temperature. It was found to be 72° 45’ for sodium light. Hence 
2E increases about 3° 45' for 50° rise of temperature. 

Refractive Indices—The indices were determined with six prisms 
ground upon four different crystals. The results are as given in the 
accompanying table (p. 440). 

The £ indices, corrected to a vacuum, are accurately expressed, for 
any wave-length \ to beyond F, by the following formula. 


392 159 , 726 600 000 000 
fp = 14791 + “= + < Osbsws 


2n 2 
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Determination of Refractive Indices of Rubidium Copper Sulphate. 


oom Mean | 
of | Crystal 1, | Crystal 2, | Crystal 3, | Crystal 4,| refrac- | Perrot’s 
lich | 2 prisms,| 1 prism. | 2 prisms. ism. | tive | values. 
. | index. 


} 


” ( *4858 
? *4862 
vitesper |) Xa | 1486 
dian line | — 


4863 ‘ ‘4858 
“4867 5 ‘4862 
"4892 ? *4886 
4917 *4912 
4948 : 4943 
*4994 ‘ *4991 


et 


4883 *4878 

“4887 ‘4882 
*4912 ‘4906 
“4938 °4933 
*4971 *4966 
5018 *50138 


4878 
ae 


p 
Vibs. par. | 906 | 
symmetry “4982 
axis } (bh) : | 

| 


*5096 *5007 
*5010 ‘ *5011 
*5037 ‘ ‘5036 
*5064 "5064 
*5098 - ‘5098 
*5150 ‘i 1°5148 


Y 
Vibs. par. 
lst me- < 
dian line 
c 


ee ee 


XY 


The a indices are very closely reproduced if the constant 14791 is 
diminished by 0°0021, and the y indices if it is increased by 0°0130. 
The former difference being the smaller determines the positive 
nature of the double refraction ; it is even relatively smaller than in 
the potassium salt, and hence the optic axial angle is less. 

Effect of Rise of Temperature on the Refraction Determinations at 
70° indicate that the indices are lowered about 0°0015 by 50° rise of 
temperature. 

Ratio of Axes of Optical Velocity EWipsoid.—The calculated values of 
these ratios are as under. 

a:b: ¢ = 1:0013: 1: 0°9914. 

Molecular Optical Constants.—The refractive indices combined with 
the molecular weight and the density afford the following optical 
constants. 

Axis of optical ellipsoid..........+e00. a. b. c. 
, ‘ v—1l _ C. 01118 01122 01147 
Specific refraction, =? 7+" te 01143 0-1148 01174 
—1i1M — C. 59°65 59°86 61°20 
w+2da " LG. 60°99 61:22 6261 
Specific dispersion, tg — Nc... 0:0025 0:0026 0:0027 
Molecular dispersion, — Mc... sake 1:34 1°36 1°41 


— 1, .......0. 100-99 101-41 104-09 


Molecularr efraction, ~~ 


Molecular refraction, ~ ae 
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These constants are again practically independent of temperature, 
as the refraction has been shown to diminish with rise of tempera- 
ture, that is, to change in the same direction as does the density 
when the temperature is altered. 


Cesium Copper Sulphate, Cs,Cu(SO,)2,6H,0. 


There is an excellent cleavage parallel r' {201}, as usual in the series. 
Perfect reflections, at 180° from the 7’ faces, were obtained from the 
fractured surfaces. 

The crystals of this salt are readily obtained quite free from tur- 
bidity, as stated in the former communication. Both the volume 
work and the optical investigation were carried out with very perfect 
specimens. 


Volume. 


Relative Density—Four determinations were made with different 
crops belonging to two distinct preparations. The results were as 
given below. 

Weight of salt employed. Sp. gr. at 20°/4°. 
43268 2°8500 
50172 2°8561 
4°5351 2°8535 
3°4604 2°8565 
Mean.... 2°8540 

Molecular Volume—* = oes 

Distance Ratios.—The axial angle 8 was previously found to be 
73° 50’, and the axial ratio 

a:b: ¢ = 0°7429: 1 : 04946. 

The distance ratios obtained by combining these with the molecular 

volume are 


X:Y:w = 63481 : 85450 : 42263. 
Optics. 


Orientation of Axes of Optical Ellipsoid—Two sections ground 
parallel to the symmetry plane {010}, exhibited the following 
extinction angles with respect to the normal to the basal plane 
c{001}. 


Section 1 26° 45’ 
Section 2 


The direction is forwards, as indicated in Fig. 20. 
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Fria. 20. 


This is again the second median line, the first median line being at 
right angles to it in the symmetry plane. 

The sign of double refraction is positive, demonstrated and proved 
as in the cases previously considered. The morphological axial angle 
being 73° 50’, the orientations are as follows. 

The first median line ¢ lies in the acute angle of the morphological 

axes ac, and is inclined 26° 47’ to the morphological axis a. 

The second median line a lies in the obtuse angle ac, and is inclined 

42° 57' to the vertical axis c. 
The first median line is also inclined 116° 47' to the normal to 
c{001}, and 42° 57’ to the normal to a{100}, and is only 27’ 


removed from being exactly normal to r’{201}. 
Optic Axial Angle.—Six excellent sections were ground, three per- 
pendicular to the first, and three to the second, median line, and 
afforded the results given in the accompanying tables. 


Determination of apparent Angle in Air of Cesium Copper Sulphate. 

Nature of light. Section 1. Section 2. Section 3. Mean 2E. 
Mae 54.6-i0 be eed 67° 30’ 67° 25’ 67° 22’ 67° 26’ 
2 uewcécsees. . Ge De 67 32 67 28 67 32 
ie ee 68 5 68 11 68 0O 68 5 
ME eiasbeg bina ew ee 68 40 68 50 68 29 68 40 
OF aia ibave 56ige deena 69 27 69 40 69 5 69 24 


Monobromonaphthalene was used as immersion liquid in the 
measurement of 2Ha and 2Ho. The order of dispersion was con- 
firmed by observations in cedar oil, whose refractive index is very 
nearly the same as the mean index of the crystal; the angle was 
clearly larger for blue than for red. 

Dispersion of the Median Lines.—The observations in cedar oil indi- 
cated that the optic axis emerging nearly parallel to the morpho- 
logical axis a is practically immovable for all colours, whilst the other 
axis nearly normal to s'{101} is dispersed, so that for blue it is further 
removed from the fixed axis than for red.. Hence the first median 
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Determination of true Optic Axial Angle of Cesium Copper Sulphate. 
No.of Observed No.of Observed Calculated 


section values section values 

Nature of perp. 1st of perp. 2nd of Mean 
light. median line. 2Ha. medianline. 2Ho. 2Va. 2Va. 
39° la 115° $1’ 
38 2a 115 30 
39 3a 115 35 
89 la 115 22 
38 2a 115 22 
39 3a 115 27 


39 la 114 38 
39 2a 114 
39 3a 114 


39 la 113 
39 } 2a 113 
39 3a 113 
39 la 112 
39 2a 113 
39 : 3a 112 


43° 6’ 


wo 
_ 


Onofre 
_ ~ 
SESE was Son 
eee es eee Oe es ies” 


s5 


ONeK ONE WhH 
OT 
ro) 


cr 


etn) 


line is dispersed in such a manner that for red it is nearer to the 
morphological axis a than it is for blue; the amount indicated was 
about 20—25’. It isinteresting to note that the only other salt of the 
series which exhibits this order of dispersion of the median lines is 
the cesium magnesium salt, and that in both these cases this reversal 
of the usual order of dispersion for the series is accompanied by the 
exhibition of an exceptionally small optic axial angle, and near 
approach to coincidence of the « and £ refractive indices. 

Effect of Rise of Temperature on the Optic Avial Angle.—Section 2 
was heated to 70°, at which temperature the apparent angle in air 
measured 66° 40' for sodium light. Hence 2E decreases about 14° for 
50° rise of temperature. 

Refractive Indices.—Seven excellent prisms were ground upon four 
crystals, and furnished the results given in the accompanying table. 

The £ indices, corrected to a vacuum, are accurately represented, 
for any wave-length \ almost as far as G, by the formula 


a = 14940 + 417 147, 980 700 000.000, 


The a indices are very closely reproduced if the constant 1°4940 
is diminished by 0°0015, and the y indices if it is increased by 0:0091. 
The relations of these two differences from 8 determine the sign of 
double refraction to be again positive. 

Effect of Rise of Temperature on Refraction.—Determinations at 70° 
yielded refractive indices about 0°0016 lower than the values at the 
ordinary temperature. 
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Determination of Refractive Indices of Cesium Copper Sulphate. 


Mean 
refractive 
index. 


Index. Crystal 1, | Crystal 2, | Crystal 3, | Crystal 4, 
1 prism. | 2 prisms. | 2 prisms. | 2 prisms. 


5018 
*5022 
5049 
*5075 
*5109 
*5160 


5017 *5017 
5020 ‘5021 
"5047 5048 
5074 ‘5074 
*5107 ‘5108 
*5163 *5159 


a 
Vibrations 
parallel 2nd 
median line 
a 


A 
—------—_— 


ee ee ee 


*5035 
5039 
“5064 
“5091 
5126 
*5175 


5030 ‘5032 
“5034 *5036 
“5060 *5061 
“5089 ‘5089 
*5122 "5123 
*5179 *5174 


Vibrations 
parallel sym- 
metry axis } 


ee et 


15125 
‘5128 
‘5156 
‘BIS5 

“5220 

| “revue *5268 

| 


Ratio of Axes of Optical Velocity Ellipsoid.—These ratios 
follows. 


5122 *5122 
5126 5126 
5153 5153 
*5179 *5180 
"5214 ‘5216 
‘5263 5266 


Y 
Vibrations 
parallel 1st 
median line 

c 


eee ee 


ee 


cs Os 


a:b: c¢ = 10009: 1: 0°9939. 
Molecular Optical Constants ——The values of these constants are 
tabulated below. 


Ax's of optical ellipsoid ............ eee a. b. t. 
RS tt . C. 01035 01037 0°1053 
(n? + 2)d “""" LG. 01059 0:1061 0:1077 
et a ob C. 65°04 65°20 6618 
n+2 d "LG. 66:54 § 66°70 67°69 
Specific dispersion, tg — Mcg....-+++ 0-6  0°0024 0°0024 0:0024 
Molecular dispersion, ttg — Mc. ...20.- 1°50 1°50 151 


Molecular refraction, ~ = l M......-.C. 11064 11097 112°96 


Specific refraction, 


Molecular refraction, 


These values are substantially constant for all temperatures at 
which the salt is capable of existing, as refraction and density are 
similarly affected by change of temperature. 


SALTS CONTAINING CADMIUM. 


As stated in the former communication, efforts to prepare a potas- 
sium cadmium sulphate containing 6H,O have proved unavailing. 
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Rubidium Cadmium Sulphate, Rb,Cd(SO,)2,6H20. 


The crystals of this salt exhibit a perfect cleavage parallel r'{201), 
in common with the other salts of the series. Good images of the 
goniometer signal are obtained from the freshly cleaved surfaces, at 
exactly 180° from 2". 

Considerable difficulty attended the investigation of this salt, on 
account of the unfortunate property referred to in the former memoir 
(p. 407), of efflorescing and becoming perfectly opaque with extreme 
rapidity after removal from the mother liquor. 


Volume. 

Relative Density.—In order to determine the density, the device was 
adopted of weighing the salt under carbon tetrachloride, the liquid 
used in the determinations. It had previously been found that ben- 
zene and carbcn tetrachloride were both effective in preventing freshly 
grown crystals from losing their transparency for some considerable 
time, several days, as a rule. Four crops of beautifully perfect 
crystals were employed. In each case the crystals were rapidly dried 
on blotting paper as they were removed from the mother liquor, and 
then immediately placed under benzene. They were then well washed 
with several quantities of pure benzene, in order to remove the last 
traces of moisture. Two or three at a time were then removed, drained 
from benzene on blotting paper, given two minutes or so to lose the 
last traces of that liquid by evaporation, afterwards powdered as 
rapidly as possible in the agate mortar, and eventually transferred to 
the pyknometer, which already contained a known weight of carbon 
tetrachloride, sufficient to amply cover the powder; when sufficient 
had thus been introduced, the stopper and cap were replaced, the 
whole fixed in the wire spring stand, and weighed after the usual 
interval to permit of the surface equilibrium of the pyknometer being 
attained. A slight correction was made, in accordance with the 
indications of a duplicate experiment with the liquid alone, for the 
small amount of loss of carbon tetrachloride by evaporation during 
the transference of the salt to the pyknometer. The remaining small - 
errors, due to a possible trace of moisture or benzene, on the one 
hand, and to slight efflorescence during the powdering, on the other, 
affect the density in opposite directions and thus tend to neutralise 
each other. The results obtained are as follows. 

Weight of salt employed. Sp. gr. at 20°/4°. 
4°2949 
2°5409 
3°8547 
3°0104 


Mean.... 


i 
i} 
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Perrot found the density about 2°70. 
Molecular Volume.— 3 217°96. 
a 2°672 
Distance Ratios.—The axial angle B was previously shown to be 
74° 7', and the axial ratio 
a:b:c¢ = 07346: 1: 04981. 
Combination of these with the molecular volume affords the 
following distance ratios. 


X: iw = 62828 : 85526 : 42174. 
Optics. 

Orientation of Axes of Optical Ellipsoid.—The rapidity of efflores- 
cence is such that section-plates or prisms ground as quickly as 
possible are absolutely opaque by the time they are completed. It 
was found possible, however, to obtain prisms sufficiently transparent 
for the purposes of the determinations of refractive index, by a device 
which will be described in connection with those determinations. 

Five section-plates, parallel to the symmetry plane, were pre- 
pared with the greatest rapidity consistent with due care as to their 
orientation, using a cementing wax which remains soft just suffi- 
ciently long for the purpose after becoming moderately cool, in order 
to avoid hastening the efflorescence by rise of temperature; but all 
were useless when finished, haviug the appearance of white chalk. 
Attempts to obtain sections by cementing the first surface upon one 
of the glass discs intended for use with the special crystal holder 
employed for grinding a second parallel surface, by a cold viscid 
solution of hard balsam in benzene, covering the whole crystal with 
a protecting layer of the same, and then grinding the second surface 
after standing all night to harden, were also fruitless as opacity 
always supervened during the interval. 

The orientation of the optical planes was, however, determined by 
immersion of transparent crystals, freshly removed from the mother 
liquor, in toluene, whose refractive index is nearly the same as the 
mean index of the crystal, contained in the cell of a stage goniometer, 
forming one of the accessories of a Swift petrological microscope. 
The crystal was arranged so that the symmetry plane lay parallel to 
the stage, and the edge (110):(010) was focussed and brought 
parallel to one of the spider lines, in order to utilise it as reference 
direction. The extinction angle made with this edge was then deter- 
mined in the usual manner, and repeated with the crystal rotated 
180°, in order to eliminate any error of parallelism between spider 
line and nicols. It was found in each case that extinction occurred 
at about 16° from this edge, and apparently exactly normal 
to the basal plane, that is, to the edge (001):(011). Now the com- 
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plement of the axial angle (74° 7’) is 15° 53’, and this angle is the 
inclination between the reference edge and the normal to the basal 
plane. The difference between 16° and 15° 53’ is within the error of 
the determinations, so that the extinction is normal to the basal plane 
within the usual error of stauroscopical determinations. 

Perrot arrived at the same conclusion, but does not state the 
method of determining it. 

This direction is the second median line, and the first median line 
is the direction at right angles in the symmetry plane, as shown in 
Fig. 21. 


Fie. 21. 


The sign of double refraction is positive, proved by the relations uf 
the refractive indices, and demonstrated by the quarter undulation 
mica. Hence the orientation is as follows. 


The first median line ¢ is coincident with the morphological axis ¢. 

The second median line a lies in the obtuse angle of the morpho- 
logical axes ac, it is precisely normal to c{001}, and is inclined 
15° 53’ to the vertical axis c. 

The first median line is consequently inclined exactly 90° to the 
normal to c{001}, and 15° 53' to the normal to a{100}. 


The above method of determining extinctions, by immersion in a 
liquid of the same refractive index as the crystal, has lately been 
described by Klein (Sitz. Ber., Berlin Akademie, 1895, 5, 91). The 
author has long been in the habit of having recourse to measurements 
in such liquids in difficult cases, and the present instance affords a good 
example of the value of the method. The refracting edges of the 
crystal in such a medium exert no disturbing influence on the observa- 
tions, the crystal behaving like a parallel-sided plate. 

Optic Axial Angle-—The method has been further utilised, as in the 
case of rubidium sulphate described in the 1894 memoir (p. 692), and 
the case of cesium magnesium sulphate described in the present 
communication, in order to determine the true optic axial angle of 
rubidium cadmium sulphate. Two liquids were employed, very 
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slightly lower and higher respectively than the mean index of the 
crystals, namely, turpentine and toluene, as in the case of the cesium 
magnesium salt, whose indices are nearly the same as those of the 
salt now under consideration. The mean of the angles in the two 
liquids is considered as the true angle. As the second median line is 
perpendicular to the well-developed faces of the basal plane, the 
obtuse angle of the axes was actually observed. Fresh, perfectly 
transparent crystals, which had been well washed with benzene were 
taken and measured, first in toluene, which, being volatile, rapidly 
dries off the crystal after removal of the cell, and subsequently in 
turpentine. The results are presented in the accompanying table. 


Determination of trwe Optic Axial Angle of Rubidium Cadmium 


Sulphate. 
Mean Mean 
Nature No. of Angle in Angle in Mean obtuse acute 
of light. crystal. toluene. turpentine. values. angle. angle, 2Va. 
1 106° 30’ 108° 48’ 107° 39’ 
Li.. 2 106 36 108 55 107 46 } 107° 40’ 72° 20’ 
3 106 33 108 35 107 34 
1 106 28 108 48 107 38 
CS xs 2 106 35 108 55 107 45 107 39 72 21 
3 106 32 108 35 107 33 
fi 106 16 108 46 107 31 } 
(ae 2 106 27 108 54 107 10 | 107 34 72 26 
3 106 27 108 34 107 30 
1 106 8 108 44 107 26 
3... 2 106 21 108 51 107 36 +} 107 29 72 81 
3 106 21 108 32 107 26 
1 105 56 108 41 107 18 
¥: 2 106 14 108 49 107 31 107 23 72 37 
3 106 14 108 29 107 21 


Perrot determined the angle upon two natural plates parallel {201}, 
by the indirect method, and obtained the values 71°59’ and 72° 15’ for 
sodium light. 

Dispersion of the Median Lines.—The observations in both liquids 
indicated that the second median line is dispersed so that for blue it 
is nearer to the vertical axis of the crystal than for red, and that the 
first median line is correspondingly dispersed so that for blue it is 
nearer to the uormal to a {100} than it is for red. The amount of 
dispersion is about 10’ between Li and F. The indications regard- 
ing the dispersion of the axes themselves are different in the two 
liquids, but the mean of the two sets of readings shows that both 
axes exhibit dispersion, but the one emerging between r’{201} and 
s’{101} least. 

Measurements at higher temperatures were manifestly impossible 
with this salt. 
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Refractive Indices.—It happens fortunately that, in this salt, one 
of the principal planes, bc, of the optical ellipsoid is parallel 
to the basal plane, for this enables a pair of faces of the clinodome 
g{011}, which are symmetrical] to the basal plane, and whose edge is 
parallel to the first median line, the optical elasticity axis ¢, to be 
utilised for the determination of the refractive indices B and 4. 
Three such crystals were employed, fresh, transparent individuals 
with largely developed q faces being chosen. In order to prevent 
efflorescence during the measurements, and also to eliminate the 
effects of any minute imperfections of the faces, the two faces utilised 
as @ prism were in each case fitted with thin micro-cover glasses 
cemented by a solution of hard balsam in benzene. Four other 
prisms were obtained by grinding, in such directions as to afford 
the indices a and f. This was successfully achieved by choosing 
crystals of such shape that the wax of the crystal holder of the 
grinding instrument, while only slightly warm just before setting 
hard, could be attached to a part of the crystal sufficiently removed 
from the part where the prism faces were to be ground as not to 
exert any great influence in accelerating efflorescence ; also, as soon 
as the necessary adjustment of the crystal had been achieved, by 
goniometrical observation of the reference faces, the part of the 
crystal projecting out of the wax was coated with the ba!sam solution, 
which retarded materially the eflorescence. Working quickly with 
these precautions, not waiting to polish the ground surfaces, cleaning 
the crystal from wax entirely by immersion in benzene, thickly 
coating the first ground prism face with balsam svlution immediately 
on removing the crystal from the benzene, and finally, when the 
second face had been ground in like manner, without allowing 
the warm wax to approach dangerously near to the first face while 
attaching to the holder, the two surfaces were coated with 
balsam and fitted with cover glasses, and a prism thus obtained 
which, in each case, proved sufficiently transparent to afford clear 
refracted images of the spectrometer slit. One of these prisms was 
ground upon one of the three crystals previously used to determine 
Band ¥. 

The results afforded by the seven prisms are given in the accom- 
panying table (p. 450). 

The # index, corrected for a vacuum, is accurately expressed for 
any wave-length \ nearly as far as F by the following formula. 

B = 14706 + ~ _ 3 327 ~~ 000 000 ‘i 

The @ index is very closely expressed by the formula if the con- 
stant 14706 is diminished by 0°0048, and the y index if it is in- 
creased by 0°0100. The positive nature of the double refraction is 
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proved by the fact that the former is the smaller of the two differ- 
ences from £. 

Determinations at higher temperatures were out of the question. 

Ratio of Axes of Optical Velocity Ellipsoid.—The indices afford the 
following ratios. 

a:b: ¢ = 10034: 1 : 09933. 

Molecular Optical Constants.—The calculated values of these con- 

stants are appended. 


Axis of optical ellipsoid................ a. b. t. 
' : 27_— ] C. 01060 0:1068 0°1087 
f fic ref ont ee ‘ 
a Se ose = * G. 01084 01093 0-1113 
: 7—1M C. 61°71 62:23 63°31 
lecular refraction, "-— > . ~~ = { 
Molecular refraction, Ta 3" a ™ 1G 6313 6366 648] 
Specific dispersion, 1g — Mg.... eee cece. 0°0024 0°0025 0:0026 
Molecular dispersion, Mg — Mtg ...+-.---- 1:42 1°43 1°50 
Molecular refraction, ae ee C. 10421 105°23 107-39. 


Cesium Cadmium Sulphate, Cs,Cd(SO,)2,6H,0. 


There is a good cleavage parallel 7'{201}; the cleaved surfaces 
reflect perfect images of the goniometer signal at exactly 180° from". 


Volume. 

Relative Density —The crystals of cesium cadmium sulphate are 
not nearly so unstable as those of the rubidium salt, but efflorescence 
does ensue, to some extent, in the course of a day or two when freely 
exposed to the air. In order to avoid error due to this, the powdered 
substance was weighed under carbon tetrachloride, as in the case of 
the rubidium salt. Four crops of freshly grown, perfectly trans- 
parent crystals, derived from two independent preparations, were 
employed for the density determinations, and yielded the following 
results. : 


Weight of salt employed. Sp. gr. at 20°/4°. 
2°4589 2°9551 
1°8953 2°9559 
3°8114 2°9535 
3°8658 29561 


Mean.... 2°9552 
M 677°4 
Molecular Volume.— 3 = 5955 


Distance Ratios.—The axial angle 8 was previously shown to be 
72° 49', and the ratio of the axes 
a:b:c¢ = 0°7259: 1: 04906. 


= 229°24. 
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Combination of these with the molecular volume yields the 
following distance ratios. 


x: :w = 63638 : 87668 : 43010. 


Optics. . 

Orientation of Axes of Optical Ellipsoid—Transparent sections of 
this salt were successfully obtained by cementing the first ground 
face with solution of balsam upon one of the small glass discs 
furnished for use with the “ parallel surface” crystal holder of the 
grinding instrument, covering the whole of the crystal with the 
balsam in order to retard efflorescence, allowing to stand all night to 
harden, and grinding the second surface next morning. T'wo section- 
plates parallel to the symmetry plane were thus obtained, and they 
each exhibited the extinction angle of 9° 45’ in front of the normal 
to c{001}, as represented in Fig. 22. 


Fie. 22. 


The sign of double refraction is positive, as demonstrated by meaus 
of a quarter undulation mica and proved by the relations of the 
three refractive indices. The morphological axial angle being 72° 49’, 
the orientation is as follows. 


The first median line ¢ lies in the acute angle of the morphological 
axes ac, and is inclined 9° 45’ to the axis a. 

The second median line a lies in the obtuse angle ac, and is 
inclined 26° 56’ to the vertical axis c. 

The first median line is also inclined 99° 45’ to the normal to 
c{001}, and 26° 56’ to the normal to a{100}. 


Optic Axial Angle.—Three pairs of section-plates were obtained in 
the manner just described, and afforded the measurements given in 
the accompanying tables. Section 2 did not show the axes in air, 
being narrow in comparison with the considerable thickness required 
to afford fine brushes and small rings on account of the feeble double 
refraction. 
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Determination of the apparent Angle in Air of Cesium Cadmium 
Sulphate. 


Section 1. Section 3. Mean 2E. 
114° 20’ 114° 45’ 114° 32’ 
114 15 114 40 114 27 
113 51 114 18 114 4 
113 27 113 50 113 38 
112 55 113 20 1138 7 


Determination of true Optic Axial Angle of Cesium Cadmium Sulphate. 
No.of Observed No.of Observed Calculated 


section values section values values 
Nature perp. Ist of perp. 2nd of 
of light. medianline 2Ha. medianline. 2Ho. 
60° 58’ la 
re 60 36 2a 
60 55 3a 


60 53 la 
60 32 2a 
60 50 3a 
60 30 la 


60 10 2a 
33 38a 


4 la 

49 2a 

12 38a 

25 la 95 

15 2a 95 50 
35 8a 95 43 7 +39 


mor eh or 


SEARS oER Rew 


Monobromonaphthalene was used as immersion liquid for the 
determination of 2Ha and 2Ho. The order of dispersion was con- 
firmed by observations in benzene, whose refractive index is near the 
mean index of the crystals, the angle being over half a degree larger 
for red than for blue. 

Dispersion of the Median Lines.—The observations in benzene 
further indicated that the first median line was dispersed about 
]0—15', being nearer the morphological axis a for blue than for red. 
Both optic axes showed dispersion, the axis which emerges near the 
normal to a{100} much less than the other. The order is 


red | blue blue | red. 


No observations could be carried out at higher temperatures on 
account of the rapidity of decomposition. 

Refractive Indices—Six transparent prisms were successfully pre- 
pared on six different crystals by attaching the cementing wax of 
the crystal holder only to parts of the crystals removed from the 
portions where the surfaces were to be ground, and coating the first 
ground face thickly with balsam while the second surface was being 

VOL. LXIX. 21 


SAA RCRD ¢t te: £2 ELENA IRIE AD FEE TOM 


Le a be ASR 7 


5 SL19.1 — | SLITS T — | 8918-1 OLIc-t | _ | p \ 

n 0 a BIS. T ~- | SIIs-1 PoIS-T =| | BBIS-T ad | ‘3 ‘oury uerpeur 
= 8s09-T _ _  9608-T “ | peos-t | 1609-1 | 1809-1 | ML | ST Terreand 
° eos-t | nt | $90: T _ | 8908. T voos-T | LS0S- 1 ®N | f{  storwaqra 
tr seos.t | _ | ¢60S-T ~ | §80S-T 8609: T £808: T a & 

As pEOs-T | _ | T#OS-T - | 080S- T oe0g-£ | 6808-T VI J 

D | 

Rh 9013-1 | goms-T - 60IS-T | _ * | ~ r) 1 -(q) g srxe 
fs s909-T | 24909-T | = Z90S-T _ | _ F908. T a | smomuis 
° 9s0s-T | 920S-T ~ 0£0S- T _ — 8208-1 MW %  orfeand 

DH 000S-T  § 666%-T | ~ $008: I _ _ | L66F-T eN |  storyeaqua 
x OL6h-T (| YL6Fr-T | ? 186F- T - | -  TL6F-T | e) o 

a 460-1 | [46rT | LLO¥- ~ = | 406 T | J 

co | 

S 1809-T an 9809.1 £809. T 920¢- T 080¢- T ~ » ) 

rs $809-T 80S: T 6809: T 9808. T LZ0S- T 809-1 - a | | ‘ou aerpeut 
7 0003-T | 866F-T 1008 + T Toos-T | $66F-T 0003: T _ Ww |. pug [errered 
e GLOEF-T EL6F- T | 886F-T LL6%-T | OL6F-T SL6F- T — UN | { suo1geaqia 
= 1a6p- | 6F6F-IT | L96F-T BGP. T 9F6F-T =| OS6F-T “ @) | | » 

= LOGp-T | bOI | 8c6F-T OS6F- 1 PrOFeE | LOGE T +> " J 

oO | po 
y, *xopul | | | | 

S) OAT pe |: £ "G [RISA ‘ ¥ | *g peqsdu | *g pugs "LT peqsfa | “13tT : 

= an yor | “9 1898 IM G [BISA FRI | “EBITD | “Ss [BISAIH T [83sAaQ | Jo oanquyy xepuy 

= uBoyq 

=) 

& 


‘ayoydyng wniupog wusay fo saoypuz aarjpovifoy fo uorvurmwagag 


454 


| 
} 


ew 


Fe ee A 


POTASSIUM, RUBIDIUM, AND CESIUM. 455 


ground, The prism faces were fitted with cover glasses as soon as 
the prisms were finished. The results are given in the accompanying 
table. 

The A indices, corrected for a vacuum, are accurately expressed for 
any wave-length » as far as F by the following formula. 


a = 14876 + a Ba _ 621 ee 000 


+ wove 


The « indices are very closely expressed by the formula if the con- 
stant 1:4876 is diminished by 0°0025, and the y indices if it is 
increased by 0°0062. ‘The former being the smaller difference from 
8, determines the sign of double refraction to be positive. 

No observations at higher temperatures could be made on account 
of the rapid decomposition. 

Ratio of Axes of Optical Velocity Ellipsoid.—The indices afford the 
following ratio. 

a:b: ¢ = 1:0017: 1: 0°9959. 

Molecular Optical Constants —The indices, combined with the 

density and molecular weight, give the following constants. 


Axis of optical ellivsoid. ..........s+00e. a 4B. t. 
_w—1 _, fC. 0-:0987 (00992 0-1002 
(n?+2)d- ~~ ** LG. 01010 01014 01025 
n—1 M_, {e 6691 6719 67-91 


Specific refraction, 


Molecular refraction, 


w+2° dad G. 6839 68°67 69-42 
Specific dispersion, 1g — Mg -.++-eeeeeee 0°0023 0°0022 00023 
Molecular dispersion, Mg — Mg ....++---- 1:48 1-48 1-51 
Molecular refraction, “1M ...... ©. 11359 11416 11558 
€c 


ComMPARISON OF RESULTs. 


It will be most convenient and instructive to make the comparison 
of the results, afforded for each property, for the whole of the 22 salts 
at once, in order that a general supervision of the changes brought 
ahout by the replacement of potassium by rubidium and the latter by 
cesium in each of the eight sets may be obtained, and any modifica- 
tions of such changes due to the influence of the second metal clearly 
exhibited, 


Cleavage. 

Tt has been found that— 

The whole of the salts of the series exhibit a common cleavage direction, 
parallel to the orthodome r'{201}. The fracture is a very perfect one, 
exhibiting well-defined images of the goniometer signal at exactly 
180° to r’, 

212 
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Results of the Volume of Investigation. 


Relative Density —A comparative table of the densities found for 
the various salts is appended. The salts are arranged so that those 
containing the same alkali metal are vertically under each other, and 
with the second metals which they contain arranged in the order of 
their atomic weight. The differences between corresponding potas- 
sium and rabidium salts and rubidium and cesium salts are also 
shown. 


Relative Densities of the Salts of the Series. 


Tse a a ee ; Difference 5 Difference , 
ant: | wiles Density of | between K| Density of| between | Density of 
6 K salt. | and Rb | Rbsalt. |RbandCs| Cs salt. 
contained.| of M. | 1 
salts. salts. 
Mg 24°0 2 028 0°354 2 °382 0 *288 | 2°670 
Mn 55°0 — —_ 2 °459 0 °279 | 2°738 
Fe 56-0 2-169 0 *347 2°516 0°275 | 2°791 
Ni 58 °9 2 °233 0 °350 2°583 0°282 | 2°865 
(Winkler.) | 
Co 59 °6 2°212 0°345 | 2°557 | 0°280 2 °837 
(Winkler ) | | | 
Cu | 63:0 | 2-224 | 0-346 | 2570 | 0-284 | 2-854 
Zn | 63°0 2°241 0°313 | 2 584 0 °283 2 867 
Cd | 112-0 — — | 2672 | 0°283 2°955 


i. 


The following conclusions may be drawn from this table. 

The incrzase in density brought about by the replacement of potassium 
by rubidium, and rubidium by cesium, is approximatzly constant for the 
particular change throughout the series. The difference evoked by the 
former change is larger than that produced by the latter in the proportion 
of almost exactly 5: 4. 

An increase in density usually accompanies the replacement of the 
second metal M by one of higher atomic weight. The nickel salts, 
however, do not fall in with this rule, being higher than the cor- 
responding cobalt salts; this cannot be due to impurity in the nickel 
sulphate, for two different samples were employed in the preparation 
of each of the three salts, but no appreciab!e difference of density was 
letected; moreover, analyses of the double salts yielded almost 
theoretical results. A precisely similar fact is shown by the corre- 
~ponding selenates containing potassium investigated by Topsde and 
Uhristiansen. The sp. gr. of the potassium magnesium salt is given as 
2336, the potassium nickel salt 2°539, the potassium cobalt salt 2514, 
the potassium copper salt 2.527, and the potassium zinc salt 2°538. 
Hence it must be a real property of the nickel salts. Al] these 
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differences due to the replacement of the second metal are much less 
in amount than those due to interchanges of the alkali metals. 

The fact that the difference between the potassium and rubidium 
salts containing copper is about the average for the series, affords 
most satisfactory confirmation of the accuracy of the determinations 
of the density of the potassium salt, in connection with which 
unusual difficulties were experienced. 

Molecular Volume.—A table is next given in which the molecular 
volumes are similarly compared. 


Molecular Volumes of the Salts of the Series. 


Seater | Difference Difference Difference 
mtal M Mol. vol. | between K;} Mol. vol. between | Mol. vol. between 
contained. | Of K salt.| and Rb of Rb salt. Rb and Cs) of Cs salt. K and Cs 
— salts. | sults. salts. 

ee ees | | ae Rew 
Mg | 198°23 | 9°33 | 207 °56 13°19 | 220°75 22 52 
Mn —- | — | 21866 | 12°93 226°59 | — 
Fe | 200 *O09 9°13 | 209°22 13 *42 22264 22 55 
Ni | 195°65 9°27 204 92 12 99 217-91 | 22 26 
Co | 197°83 9°45 207 °28 13 02 | 220°30 | 22°47 
Cu 198 -29 9 26 207 *55 12 *64 220°19 21°90 
Zn 197 -68 9°F2 207 °20 12°68 21988 | 22°20 
cd | — — 217 -96 11°28 229°34 | — 


The most striking facts demonstrated by this table are tke 
following. 

An increase in volume occurs when potassium is replaced by rubidium 
or the latter metal by cesium. The amount of this increase is approzi- 
mitely constant throughout the series, the replacement of potassium by 
rubidium being invariably accompanied by an increase of about 9°3 units 
of volume, whilst the replacement of rubidium by cesium results in the 
relatively larger increase of about 13 units. 

A similar relation is shown by the atomic volumes of the alkali 
metals themselves; thus the difference between the volume of rubid- 
ium (56°3) and potassium (45°5) is 10°8, whilst the difference 
between that of cesium (70°7) and of rubidium is 14-4. 

The effect of the replacement of the second metal by another of 
different atomic weight cannot be expressed according to any such 
definite law. In the cases of the double salts containing magnesium, 
zinc, cobalt and copper the effect is almost nil, the molecular volumes 
of each set of salts containing the same alkali metal being almost the 
same. The salts containing iron and nickel, however, invariably 
exhibit molecular volames about two units higher and lower respec- 
tively than the values for the four groups of salts just mentioned. 
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Topsie and Christiansen also found that the corresponding potassium 
selenates containing magnesium, zinc, cobalt, and copper possessed 
almost identical molecular volumes, whilst the volume of the nickel 
salt was two units lower. In the cases of the members of the series 
containing manganese and cadmium, of which the double salts with 
potassium have not yet been prepared, considerably higher molecular 
volumes have been found. Indeed, it is not unlikely that this fact 
has something to do with the impracticability of bringing about the 
formation of the potassium manganese and potassium cadmium salts. 
The following statement expresses generally the facts regarding the 
influence of the second metal on the molecular volume. 

The determination of the molecular volume is pre-eminently a function 
of the alkali metal R, change of the second metal M being usually 
accompanied by a relatively small change of volume. Thus, although 
the difference between the atomic weights of magnesium and either zinc 
or copper is nearly the same as that between either potassium and 
rubidium or rubidium and cesium, yet the maximum amount of altera- 
tion produced by interchange among the first three is less than 1 unit, 
whilst the amounts produced by interchange of the latter are as stated in 
the last rule, and when potassium is replaced by cesium the change of 
volume amounts to no less than 22 units. 

The three nickel salts exhibit slightly lower and the iron salts slightly 
higher molecular volumes than do the salts containing magnesium, zinc, 
cobalt, and copper, whilst the salts containing manganese and cadmium 
exhibit abnormally large volumes, an observation which is probably con- 
necied with the fact that potassium manganous and potassium cadmium 
sulphate have not yet been fownd capable of preparation. 

Distance Ratios—We now approach the question of the relative 
distances apart, from centre to centre, of the structural units or 
groups of units of each set of three salts, along the directions of the 
three morphological axes. 

In the accompanying table of comparison, in addition to the 
distance ratios actually afforded by the formule given in the intro- 
duction, the numbers for which were given in the description of each 
salt, there are also appended, on the right hand side, the numbers 
obtained by dividing out the values for all three salts by the value of 
y for the potassium salt, as was done in the case of the simple normal 
sulphates. The simpler numbers thus obtained will, of course, express 
the same relationship as the larger numbers. 

It was shown in the communication concerning the morphology of 
the series that the morphological axial ratios are not capable of 
exhibiting very clearly the change of geometrical form on replacing 
one alkali metal by another, because of simaltaneous and mutually 
neutralising changes in the facial angles which determine those 
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Salt. x 


Diff. 

KMg 6:0881 
1060 

RbMg 6'1941 
837 

CsMg 62778 
Total diff.... 1897 


KZn 6:0618 
978 

RbZn 6°1596 
1002 

CsZn 62598 


Total diff.... 1980 
60739 

1093 
RbFe 6°1832 


KFe 


974 


CsFe 628)6 


Total diff. ... 2067 


KNi 6°0342 
872 

RbNi 61214 
1075 

CsNi 62289 


Total diff.... 1947 


KCo 6°0625 
1093 
RbCo 61718 
877 
CsCo 6°2595 


Total diff.... 1970 


KCu 60893 
1254 
RbCu 6°2147 
1334 
CsCu 6°3481 


Total diff.... 2588 


RbMn6°2542 
899 
CsMn 6°3441 


RbCd 62828 
810 


CsCd_ 6°3638 
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Comparative Table of Distance Ratios. 


y 
: 82128 
: 8'°3705 


: 8°6246 


: 8:1773 


: 8°4723 
: 8°7217 
: 8 5526 


: 8°7668 


Diff. 
: 41006 


1577 


2541 


4113 


wW 


Diff. 


637 


: 41643 


1014 


: 4°2657 


1651 


: 4°1247 


616 


: 41863 


821 


: 4°2684 


1437 


: 41332 


610 


: 41942 


900 


: 4°2842 


1510 


: 41051 


: 41825 


220 


2494 


2142 


878 


: 42703 


1652 


: 41243 


601 


: 41844 


931 


: 42775 


1532 


: 41366 


: 41938 


912 


: 4°2850 


: 42174 


826 


: 43010 


+ 


0°7510 


0°7628 


0°7379 
0°7486 


0°7617 
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ratios. It was observed, however, that in each set of three salts the 
ratios for the rubidium salt lay between those of the corresponding 
potassium and cesium salts. When, however, not only the change of 
geometrical form is considered, but also the change in the volume 
produced by the introduction of un alkali metal of greater atomic 
weight in the place of one of lower atomic weight, the differences 
exhibited are of so pronounced a character, as expressed by the . 
numbers just tabulated, that the following important rules are at 
once recognised. 

The replacement of potassium by rubidium or rubidium by cesium is 
accompanied by a marked increase in the separation of the centres of the 
structural units or groups of units along each of the axial directions, corre- 
sponding to the increase in volume. The distance ratios of any rubidium 
salt in the series are consequently intermediate between those of the potas- 
stum and cesium salts containing the same second metal. The amounts «f 
increase when rubidium replaces potassium on the one hand, and when 
cesium replaces rubidium on the other, are approximately equal along 
the forward inclined axis a, but are considerably greater along both the 
lateral axis of symmetry b and the vertical axis ¢ when cesium replaces 
rubidium than when the lalter replaces potassium. As regards the 
relative amounts of increase along the directions of the three axes, the 
exlensicn is invariably much the greatest along the axis of symmetry b, 
and least along the vertical axisc. Usually the extension along the lutter 
direction does not fall much behind that along the inclined axis, but in the 
copper salts the individuality of that metal manifests itself in a consider- 
able augmentation of the extension along the inclined azis at the expense of 
a corresponding decline of extension in the direction of the vertical avis. 

If the relative amounts of extension of the axes are considered in 
relation to the initial relative lengths of the axes, which are approxi- 
mately 0°75: 1:05, the amount along the axis of symmetry b is still 
found to predominate, being more in proportion to its length than in 
the cases of the other two directions. 


Results of the Optical Investigation. 


Orientation of the Ages of the Optical Ellipsoid.—The most con- 
venient method of comparing the positions of the variable axes of the 
optical ellipsoid, which lie at right angles to each other in the sym- 
metry plane, will be to tabulate the angles of inclination to the 
vertical morphological axis c of that axis of the ellipsoid which is not 
far removed from the normal to the basal plane c{001}. This direc- 
tion has been shown throughout the whole series to be the maxi- 
mum axis of the ellipsoid a, and it is the second median line in 
every case but that of cesium nickel sulphate, and the reason for that 
exception will presently be shown to be of a most interesting clia- 
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racter. It is not so convenient to consider the inclinations of the 
first median line to the nearest morphological axis a, as it is some- 
times on one side of that axis and sometimes on the other. 


Table of Inclinations of the Maximum Axis of the Optical Ellipsvid a 
to the Vertical Avis c. 
Diff. 
KMg sulphate . f 7° 36’ KZn sulphate... 10° 


RbMg , .. rs am; ». ee 
OMg . .. Ss 2 CsZn 0), Cti«s#gjS80 16 


KFe : es KNi c 8 42 
RbFe - 9 RbNi , « ae 
CsFe CsNi jo SS 
KCo KCu ~——_— = 


RbCo RbCu ar 
CsCo CsCu -. 42 57 


RbMn RbCd « « 2a 
CsMn és CsCd -- 26 56 

It will be apparent from this table that 

The orientation of the variable axes of the optical ellipsoid which lie in 
the symmetry plane, for every rubidium salt of the series, is intermediate 
between that for the potassium and that for the cesium salt containing 
the same second metal. The maximum axis of the optical ellipsoid a 
lies nearest to the vertical morphological axis c in the case of the potas- 
sium salt of any group, and is furthest removed for the cesium salt. 
The intermediate position for the rubidium salt is always considerably 
nearer to the position for the potassium salt than to that for the cesium 
salt, the replacement of rubidiwm by cesium being attended by a much 
greater change of orientation than in mere arithmetical proportion to the 
change in atomic weight. 

This important rule will be clearly demonstrated by the graphical 
representations of the orientations of the three salts of each group, 
given in Figs, 23—28 (p. 462). 

The rule may be stated in a more interesting manner as follows. 

The optical ellipsoid rotates about its intermediate axis b, which is co- 
incident with the morphological syu.metry axis b, when one alkali metal 
is replaced by another. For any potassium salt of the series it ts situated 
so that its major awis a is but slightly inclined to the vertical morpho- 
logical axis c, in the obluse axial angle ac; for the corresponding 
rubidium salt the inclination is greater in the same direction, and for the 
cesium salt greater still, the difference of inclination in the latter case 
being much larger than in the former. The amount of rotation is thus 
much greater when cesium replaces rubidium than when the latter metal 
replaces potassium. 

It is also observed that 

The different chemical nature of copper, as compared with the oth r 


_— 
sr 


NIT oe oO 


bo or 


42 TUTTON: CRYSTALLOGRAPHY OF SULPHATES OF 


POTASSIUM, RUBIDIUM, AND CESIUM. 4653 


second metals contained in the salts of the series, is again manifested by 
the fact that in the case of potassium copper sulphate the major axis a of 
the optical ellipsoid is inclined at so exceptionally large an angle to the 
rertical axis c as to be in front of the normal to the basal plane, whereas 
it is behind that normal in the other potassium salts of the ceries. 

It will be most convenient to consider the refraction data before 
the optic axial angle phenomena in order that the latter may be more 
perfectly understood in the light of the refraction results. 

Refractive Indices—The accompanying tables (pp. 464 and 465) 
afford a comparison of the refractive indices of each of the eight sets 
of salts. It will be immediately observed that 

The refractive indices of any rubidium salt of the series are, without 
exception, intermediate between those of the potassium and ccesium salts 
containing the same second metal, and nearer to the values for the potas- 
sium salt. 

The most accurate idea of the refraction relationships will be 
afforded by a comparison of the f indices. For the direction of 
vibration for the B indices is constant throughout the series, being 
the invariable axis of monoclinic symmetry b, whereas the directions 
within the crystals corresponding to the a and y indices vary in 
accordance with the rule just formulated. As the difference in dis- 
persion in the three salts of any set is so slight, it will be ample to 
compare the f values for sodium light, and this will be found to be 
more satisfactory than the consideration of the values for a so-called 
ray of infinite wave-length, afforded by the first constants .of the 
formule expressing the refraction for any wave-length. 


Table of B Indices for Sodium Light. 


Salt. Bna:- Difference. 
KZn .... 1°4833 


Salt. Bna- Difference. 


ae ee er i 


KMg .... 14629. 4 i 
RbMg.... 1:4689 199 p29 RbZn.... 1°4¢84 164 p215 

] CsMg.... 14858 CsZn .... 1°5048 

: KFe..... 1:4821 59 KNi .... 1°4916 45 
RbFe.... 1°4874 161} 214 RbNi.... 14961 463213 
CsFe .... 1°5085 CeNi .... 1:5199 
KCo..... 14865 55 KCu .... 14864 yo 
RbCo.... 14916 169 } 220 RbCu.... 1:4906 155 197 
CsCo .... 1°5085 CsCn.... 1°506] 
RbMn.... 1:4807 RbCd.... 14848 45, 


CsMn.... 14966 1°9 | CsCd.... 1°5000 


The following further conclusions may be drawn concerning the 
refractive indices after an inspection of the above table. 
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An increase in the atomic weight of the contained alkali metal is 
accompanied by an increase in the refractive power of the crystal, and 
the increase in refraction becomes relatively greater, as the atomic weight 
becomes higher, than in mere numerical proportion to the increase of 
atomic weight. When the indices are considered, whose corresponding 
direction of vibration is constant throughout the series, being the invari- 
able symmetry axis b, the amounts of increase due respectively to the 
replacement of potassium by rubidium, and of rubidium by cesium, vary 
slightly in the different sets, according to the nature of the second metal 
present, from 1:3 tol: 4. 

The difference between the indices for the potassium and cesium 
salts of any group is not so large as was observed between those of 
the simple sulphates of potassium and cesium. In the latter casa 
the difference of the A indices for sodium light amounted to 0°0697 
whereas the largest difference in the series under consideration is 
0:0229. 

No relation can be traced between the atomic weight of the second 
metal present and the refractive indices. For instance, although 
there is a rise in refraction when magnesium is replaced by zinc, yet 
there is a fall again when the latter is replaced by cadmium. 

Ratio of Axes of Optical Velocity Ellipsoid.cThe difference of re- 
fraction along the three axes of the optical ellipsoid in any one salt, 
the modification of that difference on replacement of the alkali metal 
by another, and the actual change of refraetion along any one direc- 
tion brought about by the same cause, are perhaps most clearly ren- 
dered evident by a consideration of the axial ratios of the optical 
ellipsoid, which are relative measures of the velocity of light vibration 
along the three rectangular axes a, b, ¢, of the ellipsoid. The ratios 
given in the description of each salt are calculated with reference to the 
value along the 6 axis as unity. Such ratios, therefore, only express 
the relative facility for light vibration along the three axial directions 
of the particular salt in question. It was shown in the memoir con- 
cerning the simple normal sulphates (loc. cit., 699) that by taking 
the value along the intermediate axis of the ellipsoid of the potassium 
salt as unity, and expressing all the other values for the set of three 
salts preportionately, the actual changes of velocity along all three 
axes on passing from a potassiam to a rubidium salt, and from a 
rubidium to a cesium salt, are exhibited. In the ratios thus obtained 
for any set of three salts, those for the potassium salt are, of course, 
identical with those given in the descriptions, and those for the 
rubidium and cesium salts are obtained in each case by dividing the 
refractive index for sodium light, corresponding to the axis in 
question. in that particular salt, into the By, index of the potassium 
salt. 
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The two series of ratios are given side by side in the accompanying 
table. 


Ratios of the Axes of the Optical Velocity Ellipsoids of the Series. 


b. : ; b. c. 
1 : O99L : : 1 : 0°9915 
41 17 
1 : 09939 0°9971 : 0°9959 : 0O:°9898 
22 124 113 90 
J) : 09961 0°9847 : 0°9846 : 0°9808 


0°9909 1°0039 : : 0°9909 
30 39 4 
0°9939 1°0000 : : 0°9905 
31 126 77 
0°9970 0°9874 : : 0°9828 


0°9901 1-0042 : : 09901 
30 33 5 
0°9931 10004 : 0° : 0°9896 
30 125 77 


09961 0°9879 : : 0°9819 


09910 1°0054 : : 0°9910 
30 49 

0°9340 1°0014 : : 0°9909 
38 127 

0:9978 0 °9887 


09969 


0°9896 . : : 0°9896 
18 10 
0°9914 0O:°9985 : : 0°9886 
25 107 7? 
0°9939 0°9878 : : @-9809 
0°9933 


28 
0°9961 


RvCd.... 00384 : 1 : 09933 
26 


CsCd.... i : 1 : 09959 


In discussing the results afforded by the comparison of these 
ratios, it will be convenient to consider first the total change repre- 
sented by the second series of ratios, and subsequently to revert to 
the effect of this change in modifying the mutual relations of the 
three axes of the optical ellipsoid of each salt, as exhibited by the 
first series of ratios. 
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The second series reveal the following facts. 

The relative velocity of light vibration along each of the three axes of 
the optical ellipsoid of the crystals of every rubidium salt of the series is 
intermediate between the velocities along the corresponding awial direc- 
tions in the crystals of the potassium and cesium salts containing the 
same second metal. Increase in the atomic weight of the alkali metal is 
accompanied by a decrease in the velocity of light vibrations, or, in other 
words, by an increase of resistance to the vibration of light, along each of 
the axes of the ellipsoid, and this alteration is relatively much greater 
when cesium replaces rubidium than when potassium is replaced by 
rubidium. In the case of the more strictly comparable direction of the 
invariable axis b, which is identical with the axis of morphological sym- 
metry b, the relative amounts are as about 3:1. The amounts of change 
along the axis a are invariably slightly larger than those along the avis 
b, and in the same proportion ; those along the axis ¢ are always much 
less, and the difference between the effects respectively of replacing 
potassium by rubidium, and the latter by cesium, is still more 
pronounced, 

It must be borne in mind that in the case of these monoclinic 
double sulphates. the optical ellipsoid is not fixed as regards its axial 
directions, as in the case of the rhombic simple sulphates, but is rota- 
table about its intermediate axis 6, coincident with the morphological 
symmetry axis b, as stated in one of the preceding rules. Hence the 
ellipsoid for a cesium salt does not contain entirely within it the 
ellipsoid for the corresponding rubidium salt, and the latter in turn 
the ellipsoid for the analogous potassium salt, as was the case with 
the simple sulphates. 

The relations of the various salts, as regards the vibration of light 
along the directions of the principal axes of the optical ellipsoid, are 
best exhibited graphically by means of curves. These are given in 
Figs. 29 to 34 for the six sets of salts whose three members are all 
capable of preparation. The atomic weight of the contained alkali 
metals is taken for ordinates and relative velocity of light vibration 
for abscisse.- 

What is most apparent is the striking similarity of the curves, in- 
dicating unmistakably how little is the influence of the second metal 
in modifying the optical properties. The second point which attracts 
attention is the fact that in every case the curve takes a more or less 
steep course between the potassium and the rubidium salt, indicating 
the relatively small amount of change in the velocity on passing from 
one to the other, then rapidly curves to the left with diminishing 
steepness as it passes to the cesium salt, indicating, in accordance 
with the rule above given, a much greater change when rubidium is 
replaced by cesium. A third preperty common to the series is the 
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fact that the three curves of each set converge towards each other 
on passing from the potassium salt through the rubidium salt to the 
cesium salt, indicating a progressive diminution in the amount of 
double refraction. Before enlarging on this last property, which 
leads to consequences of great interest, and only observing in pass- 
ing how it ends in the case of the magnesium salts in the two nearest 
curves, those for the a and 6 axes, all but meeting, it will be advisable 
to discuss the first series of ratios. 

The first series represent the relative velocities of light vibration 
along the three principal axes of the optical ellipsoid of each salt, 
compared with the value along the intermediate axis (the invariable 
axisof morphological symmetry) takenas unity, They further repre- 
sent the net effect on the mutual relations of the axes of the progressive 
changes indicated by the second series. Now these mutual relations of 
the maximum, intermediate, and minimum velocities exclusively domi- 
nate the amount and the sign of the double refraction, and the optic 
axial angle, and it is for this reason that the discussion of the results 
of the observations of the latter have been deferred to a Jater stage, 
when these relations will have been made clear. In order that rela- 
tions of such importance shonld be exhibited iu the most striking 
manner, which is necessarily not achieved by the curves of Figs. 29 to 
34 intended to demonstrate most clearly the properties referred to in 
preceding paragraphs, another series of curves are given in Figs. 35 
to 40. In these curves the velocity along the intermediate axis is 
naturally always a vertical straight line representing unity. In every 
set the convergence of the curves for the two other axes is apparent. 
The curves corresponding to the axis ¢ are in every case very nearly 
straight lines; those for the a axis exhibit more curvature, the 
amount of which varies somewhat according to the second metal pre- 
sent, but still the position of the rubidiam salt is invariably an inter- 
mediate one. These observations lead to the following rule. 

An increase tn the atomic weight of the alkali metal is accompanied by 
convergence of the values of the velocity along the three axial directions 
abe towards unity, and consequently by a diminution in the amount of the 
double refraction. This property is already avery feeble one in the potas- 
sium salts, and is extremely weak in the cesium salts, the rubidium salts 
occupying an intermediate position in this respect. T'he amounts of change 
in the velocity along the directions of the axes a and b, when potassium 
is replaced by rubidium or the latter metal by cesium, being but slightly 
different, the relations of these two velocities are only slightly altered ; 
the slower rate of change along the ¢ axis, however, has the effect of 
introducing more considerable changes in the relations of the velocity 
along this direction to the velocities along the other two directions. 
Both the former slight relative alteration and the latter more consider- 
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able: one are progressive in character, the rubidium salts invariably occu- 
pying intermediate positions. 

The bearing of this important rule on the individual refraction 
phenomena of the various salts of the series must next be discussed. 
It has been shown that the whole of the salts, with one exception, 
namely, cesium nickel sulphate, exhibit positive double refraction, 
that is, their f indices of refraction are nearer to the a values than to 
the y values, and consequently the intermediate velocity ratios for the 
b axis approach nearer to the maximum 4 values than to the minimum 
¢ values. This is evident from the table of ratios, and also from the 
curves of both series, the a and b curves lying closer together than 
the § and ¢ curves. 

In the exceptional case of cxsium nickel sulphate, the 8 and y 
refractive indices and the § and¢ ratios and curves approximate more 
closely to each other than do the ¢ and B indices and the a and § 
ratios and curves, and therefore the sign of double refraction is nega- 
tive. This apparent anomaly, instead of being an inexplicable excep- 
tion, is a direct consequence of the operation of the rule last laid down, 
and is one of the most remarkable proofs of the validity of the rule 
which could be adduced. On inspection of the curves of either series, 
Figs. 32 or 38, for the salts containing nickel, it will be observed that 
for the potassium salt the a and 6 values, forming the starting points 
of their respective curves, are nearer together than the 6 and ¢ 
values, and that at the rubidium salt the progress of the con- 
vergence of the curves still leaves them bearing similar relations, 
corresponding to a positive sign of double refraction. Now the 
potassium nickel salt presents greater divergence of the a and b values 
than any other salt of the series, as will be perhaps best seen by 
referring to the first series in the table of ratios, a being here at its 
maximum with a value of 1:0054. Remembering that the relative 
change is more considerable along the ¢ axis, represented by more rapid 
convergence of its curve in Fig. 38, it is uot surprising that, as the 
a curve starts in the potassium salt further from 6 than usual, it 
should, owing to its lesser rate of convergence, arrive at the cesium 
salt with a value further removed from 6 than does the rapidly con- 
verging ¢ curve. This is indeed the case, and the reversal of the 
double refraction is due entirely to the operation of the rule. It may 
therefore be stated that 

The preceding rule receives somewhat remarkable confirmation in the 
case of cesium nickel sulphate. With the exception of this salt, the whole 
of the salts of the series exhibit positive double refraction. Owing to the 
fact that in the potassium nickel salt the a and § values are at their 
maximum amount of removal for the series, although still nearest 
together of all the three values in accordance with positive double refrac- 
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tion, the precise operation of the rule causes it to happen that in the 
cesium salt the ¢ value, in consequence of its more rapid rate -of con- 
vergence, has approached nearest the intermediate value b, and so this salt 
ought to exhibit negative double refraction, a dui eaitits in — 
accord with actual observation. 

Just as the salts containing nickel exhibit a remarkable effect 
of the operation of the rule on account of the initial potassium 
salt exhibiting an unusually large divergence of the velocities 
along a and 6, so the magnesium salts present another extra- 
ordinary effect of the rule, on account of the potassium salt pre- 
senting a particularly low difference of the values along the same 
two directions. For the effect of still further diminution‘ in this 
difference, in accordance with the rule of convergence towards unity, 
results in the values of the velocities along the a and 6 axes actually 
arriving at unity in the cesium salt, as is graphically exhibited by 
the curves, Figs. 29 and 35. 

It has been shown in the description of the cesium magnesium 
salt that the a and A refractive indices afforded by light vibrating 
parallel to a and 6 are almost identical; they differ by about two 
units in the fourth place of decimals for the red end of the spectrum, 
by one unit for sodium light, corresponding to the difference of the 
same amount shown in the ratios, which were calculated for sodium 
light, but are identical when expressed to four places for F light, and 
are absolutely identical for the wave-length 450 in the blue. Beyond 
this they again diverge, so that for G light they differ by one unit in 
the fourth decimal place, but the direction in the crystal: which was 
formerly the maximum a axis is now the intermediate ) axis, and 
yields the intermediate refractive index 8. Hence the crystals of 
cesium magnesium sulphate yield only two refractive indices in 
blue light, simulating uniaxial optical properties; and for other 
colours it requires a spectrometer eye-piece of high power to detect 
any separation of the refracted images of the slit furnished by prisms 
affording vibrations parallel to the a and 6 axes. When such an eye- 
piece is employed, the images are observed to approach each other as 
the illuminating light changes from red towards the other end of the 
spectrum; they actually coincide when blue is reached, then pass 
each other, and again separate slightly on opposite sides of each 
other as their colour changes to violet. Moreover, the operation of 
the rule of convergeuce causes the third value ¢ to be comparatively 
near to the other values, thus rendering the double refraction 
extremely feeble. These remarkable effects of the rule in the case 
of cesium magnesium sulphate will be further followed when the 
optic axial angle phenomena, which are bound to be correspond- 
ingly extraordinary, are discussed. The facts as regards the refrac- 
tion phenomena may be summarised as follows. 
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Another eatraordinary effect of the operation of the rule is afforded by 
the refraction phenomena of cesium magnesium sulphate. The differences 
between the a and b values is at its minimum for the potassium salts of 
the series in the case of potassium magnesium sulphate, and the rule of 
convergence towards unity results in the ratio a: b actually arriving at 
unity for the cesium salt. Owing to the ewistence of the usual slight 
difference in dispersion along the axial directions, the coincidence is only 
absolute for wave-length 450 in the blue. The difference of the two 
velocities, or of the corresponding refractive indices, is about C0001 for 
Na and 0:0002 for Li light, the order being as usual throughout the 
series ; for G light the values also differ by about 0°0001, but the order 
is reversed. These amounts are so slight that the pair of images of the 
spectrometer slit refracted by a 60° prism formed by faces having the 
directions theoretically required to yield these indices, are apparently 
coincident unless an eye-piece of very high power ts employed. Hence 
for wave-length 450 cesium magnesium sulphate exhibits apparent 
untaxial optical properties. 

It is further to be remarked that the influence of the second 
metal is only appreciably perceptible in the ratio a: b, kest seen im 
the first series of ratios, the ratio ¢ : b remaining substantially con- 
stant throughout the whole series of salts. No definite relation is 
remarked between the values of a: 6 in the groups of salts contain- 
ing the same alkali metal, just as was remarked concerning the 
refractive indices themselves. As has just been shown, however, 
in the cases of the salts containing magnesium and nickel, although 
the specific effects on the ratio a: 6, due to the second metal, are 
not connected by any rule involving only the atomic weight of that 
metal, those specific modifications are of very considerable im- 
portance in determining the optical phenomena presented by the 
crystals. 

Molecular Optical Constants.—In the accompanying tables (pp. 478, 
et seq.), the optical constants, calculated by use of the formule of 
Lorenz and of Gladstone and Dale, are compared. The following 
facts are indicated by them. 

The whole of the specific and molecular optical constants for any 
rubidium salt of the series are intermediate between those of the potas- 
sium and cesium salts containing the same second metal. 

The replacement of potassium by rubidium, and of the latter metal by 
cesium, is accompanied by a diminution of specific refraction and specific 
dispersion, the amount of which is about twice as great when the former 
chemical change cccurs as when the latter substitution is effected. The 
maximum amount of diminution in specific refraction occurs in the direc- 
tion of the axis ¢ of the optical ellipsoid; the somewhat smaller amounts 
of diminution along the directions a and b are almost identical, the 
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amount along the axis b being invariably, however, slightly the larger of 
the two. 

The same chemical changes, involving an increase in the atomic weight 
of the alkali metal, are attended by an increase of molecular refraction 
and dispersion, the amount of which is greatest when cesium replaces 
rubidium, the proportions for the two changes in molecular refraction 
being as 3:5. The amounts of increase of molecular refraction are 
nearly the same in the directions of the axes a and §, that along the 
former direction is slightly the greater, and is the maximum inerease ; 
the minimum increase occurs in the direction of the axise. This rule 
is equally valid whatever may be the wave-length for which the com- 
parison is made, and whether the constants are calculated by the for- 
mule of Lorenz or of Gladstone and Dale; moreover, as refraction and 
density are similarly affected by change of temperature within the limits 
between which the salts are capable of existing, it is independent of 
temperature. 

With regard to the latter statement, it may be remarked that the 
main object of the determinations of refractive index at higher tem- 
peratures, recorded in the descriptions of the various salts, was to 
prove this point. In every case a rise of temperature was found to 
be accompanied by a lowering of the refractive index, the amount for 
50° rise of temperature varying from 0°0012 to 0°0020. 

The relations just established concerning the molecular refraction 
are in complete accordance with those set forth in a previous rule 
regarding the relative velocity of light vibration, as deduced from the 
second series of velocity ratios. 

It is to be remarked that similar relations are exhibited by the 
refraction equivalents of the alkali metals themselves. The differ- 
ence between the refraction equivalents of rubidium (10°5) and 
potassium (7°8) is 2°7, whilst that between the equivalents of 
cesium (15°3) and rubidium is 48. The values taken for the 
equivalents are those deduced by the author from the comparison 
of the results of the two investigations concerning the simple and 
double sulphates, as described in the next communication. 

The influence of the second metal in bringing about changes in the 
molecular optical constants is but slight compared with that due to the alkali 
metal. It is, however, perceptible in the case of the three more intimately 
related metals magnesium, zinc, and cadmium. If the rubidium or the 
cesium salts containing respectively these three second metals are 
compared, it will be observed that: The specific refraction diminishes 
when magnesium is replaced by zinc, and again when zinc is replaced by 
cadmium, whilst the molecular refraction increases under the same circum- 
stances. The amount of the change is greatest, in the case of the specific 
refraction, when magnesium is replaced by zinc, and, in the case of the 
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Table of Specific Refractions and Dispersions (Lorenz). 
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Table of Molecular Refractions and Dispersions (Lorenz). 
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molecular refraction, when zinc is replaced by cadmium, just as was 
observed on replacement of the alkali metal. 


Table of Molecular Refractions (Gladstone and Dale), ~ = : M, 


for Ray C. 


Salt. a. iff. b. iff. c 
KMg.... 90°97 : 91°40 ‘ 93 86 
RbMg... 96°60 ; 96 -97 : 98 *86 
CsMg... 106°76 106 80 108 -08 


KZn.... 94°02 ’ 95°14 ; 97°77 
RbZn... 99°77 4 100°78 ‘ 102 67 
CsZn.... 109°98 110 56 111 52 


KFe.... 94°82 x 96 10 , 99 -03 
RbFe... 100°36 6 101 *58 3 103°71 
CsFe.. . 111°01 111 °70 112-99 


KNi.... 94°25 i 95°81 ‘ 98 °42 
RbNi... 99°92 t 101 °25 : 103 ‘09 
CeNi.... 110°46 111 ‘31 112 °03 


KCo.... 94°72 ; 95°87 ; 98°54 
RbCo... 100°34 101 *50 ; 108 -49 
CsCo.... 110°95 111 ‘58 112 °57 


KCu..ce 95 *48 = 96°01 ° 99-11 
RbCu... 100°99 101 °41 “ 104 ‘09 
CsCu ... 110°64 110°97 112 96 


RbMn .. 101 °47 E 102 *32 : 104°44 
CsMn... 111°62 112-03 113 °36 


RbCd... 104-21 ' 105 +23 107 °39 
CsCd ... 113 °59 . 114°16 115 ‘58 


Optic Axial Angle.—Having ascertained the facts concerning the 
refraction of the various salts of the series, and the relations of the 
velocity of light vibration along the principal axes of the optical 
ellipsoid of each salt, the study of the optic axial angle phenomena 
may now be approached with greatest advantage. In the accompany- 
ing table are set forth the values of the true optic axial angle, 2Va, 
within the crystal, for the various salts of the series, arranged so 
that the potassium, rubidium, and cesium salts containing the same 
second metal may be readily compared. The following facts wiil be 
apparent. 

Excluding the three salts containing magnesium, the cesium salt of 
which is not strictly comparable with the other two salts owing to the 
extraordinary conditions, previously described, following the operation 
of the rule regarding the velocity ratios, the optic axial angle of any 
rubidium salt of the series is intermediate between the optic axial 
angles of the potassium and cesium salts containing the same second 
metal, whatever wave-length of light is chosen for the comparison. 

This rule is connected with the second rule established in connection 
with the velocities along the uxial directions of the optical ellipsoid, the 
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progressive nalure of the change there referred to leading to a progressive 
change in the optic axial angle, which varies in character in the different 
groups according to the relative rates of convergence of the extreme values 
of the velocity towards the intermediate value on passing from the potassium 
salt to the cesium salt of any group. 

This variation in the character of the progressive change in the optic 
axial angle is due to the influence of the second metal. 


Comparison Table of true Optic Axial Angles, 2Va. 


CsMg salt 
(not compar- 
able, special 
of circum- 
light. KMg salt. RbMg salt. stances). KZn salt. RbZn salt. CsZn salt. 
caw. eo C.. &.¢ 18° 10’ ri) a ae 74° 30’ 
49 2 18 0 8 16 73 40 74 27 
48 46 16 25 5 14 73 33 74 11 
48 29 14 20 12 73 27 73 52 
48 10 ae 73 18 73 31 


RbFe salt. Cs¥Fe salt. . RbNi salt. CsNi salt. 
73° 24’ 7 2 82° 5’ 92° 45’ 
73 23 55 0 82 4 ¢ 43 
73 21 74 51 82 0 c 39 
73 18 74 42 81 56 2 31 
73 13 74 31 81 48 g 20 
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KCo salt. RbCo salt. CsCo salt. KCu salt. RbCu salt. CsCu salt. 
68° 38’ 81° 42’ 46° 1’ 44° 26’ 43° .6’ 
68 39 81 49 46 6 44 29 43 9 

41 81. 34 46 32 44 42 43 24 
A+ 81 29 47 0 44 57 43 40 
48 81 22 47 33 45 15 44 3 


. CsMn salt. RbCd salt. CsCd salt. 
60° 10’ 68° 4’ 
ee 68 2 
E9 57 : 67 53 
59 46 p G7 44 
59 28 67 28 


It will be interesting to follow the variation just referred to with 
the aid of the curves of Figs. 36 to 40. In the case of the zinc salis 
(Fig. 36), the more rapid convergence of the ¢ curve compared with 
that of t'- ~ -"rve causes a progressive diminution of the relative 
separation of b and ¢ compared with a and 6, and therefore an in- 
crease in the optic axial angle on passing from the potassium to the 
rubidium salt; the fact that the a curve converges more rapidly as 
the cesium salt is approached tends to diminish the effect, and so 
the increase of angle exhibited by the cesium salt is not so large as 
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was the former increase. The same applies to the iron salts 
(Fig. 37). In the case of the cobalt group (Fig. 39), the difference 
between the optic axial angles of the potassium and rubidium salts is 
almost the same as that between the rubidium and cesium salts, as 
the ¢ curve also converges more rapidly as the cesium salt is ap- 
proached. The different chemical nature of copper is again illus- 
trated by the much smaller optic axial angle, due to the fact that the 
¢ velocity is at its maximum removal from the b value in each of the 
copper salts, as shown in Fig. 40, while the a value is exceptionally 
close to the intermediate value; moreover, the a curve is concave, 
whereas in all the other groups it is convex. 

The nickel group is specially interesting, as exhibiting, in the case 
of the cesium salt, a reversal of the median lines. It will be 
observed in the table that the optic axial angle given is over 90°, 
This of course is the obtuse angle, but it is this angle which is com- 
parable with the others because its median line (the second) is the 
analogous direction to the directions of the first median lines of the 
other two salts. The relations of the velocities along the axial 
directions of the optical ellipsoid which determine this have already 
been fully stated with reference to Fig. 38, and it only remains to 
point out that the optic axial angle phenomena are precisely what 
would be expected from those relations. The following statement con- 
cerning it should be included in the general conclusions to be drawn 
from this investigation. 

The first nredian line is the minimum axis of the optical ellipsoid ¢ in 
every sult of the series eacept cesium nickel sulphate, and the sign of 
double refraction is consequently positive. In the case of cesium nickel 
sulphate a reversal of the median lines occurs, the first median line being 
the maximum axis a and the sign of double refraction negative. This is 
a direct consequence of the operation of the second rule concerning the 
velocity ratios as explained in the general statement concerning this salt 
which follows the rule. In accordance with these relationships, the optic 
avial angle is already unusually large in potassium nickel sulphate, and 
the operation of the rule of progressive change in the optic axial angle 
renders it so large when the cesium salt is reached that it exceeds 
90°, and the median line which had hitherto been the first becomes the 
second, 

It now remains to discuss the optic axial angle phenomena of the 
magnesium group of salts. Cesium magnesium sulphate exhibits 
one of the most interesting cases of crossed axial plane dispersion yet 
known in connection with monoclinic symmetry. Its extraordinary 
refraction phenomena have already been fully discussed, and have 
been shown to be another direct consequence of the operation of the 
rule concerning the velocity of light vibration. In view of the pre- 
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vious experience with normal rubidium sulphate, where extremely 
feeble double refraction was combined with the very near approach to 
coincidence of two of the velocity values, it appeared most probable that 
a similar state of matters in the case of cesium magnesium sulphate 
would be accompanied, as in the former case, by great sensitiveness 
of the optic axial angle to change of wave-length of the illuminating 
light and to change of temperature. The results given in the detailed 
description of this salt show in how interesting a manner this 
supposition proves to be correct. The main facts may be briefly 
summarised in the following terms. 

In the case of the three salts containing magnesium the progressive 
alteration of optic axial angle proceeds according to the rule from the potas- 
sium to the rubidium salt. Owing, however, to the remarkable relation- 
ships of the velocities along the three axial directions when the cesiwm 
salt is reached, brought about by the operation of the rule previously 
enunciated and described in the general statement concerning this salt 
following the enunciation, quite extraordinary optic axial angle phe- 
nomena are exhibited by crystals of cesium magnesium sulphate, in- 
cluding very large dispersion of the optic axes for different wave-lengths 
of light, a crossing of the optic axial planes, and great sensitiveness to 
change of temperature. Owing, moreover, to the exceptionally close 
approximation of the extreme values of the velocity, corresponding to 
extremely feeble double refraction, section-plates require to, be 5 mm. 
thick in order to afford sharply defined interference figures. For 
Li light the optic axes are separated about 18° in the symmetry 
plane. As the illuminating light is changed through yellow towards the 
blue, the axes approach each other more and more until for blue light of the 
wave-length 450, they unite in the centre of the field and an apparently 
uniaxial figure is produced. On still further diminishing the wave- 
length, the axes again separate, but in the plane at right angles to their 
former one, and for G light the separation in this plane amounts to 
about 7°. These values refer to the true angle 2Va; the separation for 
2K, the apparent angle in air, is about 26° in the symmetry plane for Li 
light and 13° in the plane at right angles for G light. On warming the 
erystal, the axes in the symmetry plane also approach each other, and at 
50° the uniaxial cross and circular rings are produced for F light, at 70° 
for Tl light, at 85° for Na light, at 100° for C light and 103° for Li light, 
when the dispersion occurs entirely in the plane at right angles to the 
symmetry plane. If allowed to cool immediately, the section-plate is not 
injured, and the phenomena recur in the reverse order. The separation 
of the axes, however, is permanently slightly reduced by the experiment. 
These beautiful phenomena are the direct resulé of the operation of the 
rule connecting the atomic weight of the contained alkali metal with the 
velocity of light vibration, 


434 TUTTON: CRYSTALLOGRAPHY OF SULPHATES OF 


Tn connection with the alteration of the optic axial angle brought 
about ly change of temperature, a further interesting fact has 
been revealed, connecting the nature of the change with the relative 
atomic weights of the contained alkali metals. The following 
tabular statement shows the order and the amounts of change 
observed in the apparent optic axial angle in air, produced by a rise 
of 50° of temperature, in the cases of those salts for which such 
observations were practicable. 


Alteration of apparent Angle in Air, 2E, for 50°. 


Second Alkali metal contained 
metal co A ~ 
contained x. Rb. Cs. 


Increase of 24°... No appreciable altera- | Decrease of exceptional 
tion nature 
Increase of 14°,.......| Decrease of 2}° 
” 1} 

..| Angle too large to mea- 
| sure 
| 
| 


” 
Decrease of 1}° 


| . 2k 


It will at once be apparent that 

Rise of temperature causes an increase in the optic axial angles of the 
potassium salts usually amounting to about 2}° for a rise of 50°; the 
effect of a similar change of temperature on the rubidium salts is to 
provoke a smaller increase of angle, inappreciable in the case of rubidium 
magnesium sulphate but usually amounting to about 14°. In the case of 
the cesium salts, a decrease of optic axial angle is always observed under 
like circumstances, averaging 2°, but eaceptionally large in the case of 
cesium magnesium sulphate as previously stated. The copper salts again 
exhibit the individuality of that metal in exhibiting larger increases, of 
9° and 332° respectively, in the cases of the potassium and rubidium salts 
of that group. In all cases, however, it is observed that the rubidium 
salt of any growp occupies an intermediate position with an optic axial 
angle exhibiting but slight change on rise of temperature between the 
corresponding potassium salt exhibiting a larger positive change and the 
cesium salt of the same group which exhibits a negative change. 

This fact, illustrating the perfection with which change of atomic 
weight of the alkali metal dominates even minutest details of the 
optical properties of the crystals, suggests the question as to what 
are the corresponding changes brought about by rise of temperature 
in the velocities of light vibration along the three axial directions. 
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For the reasons stated in the introduction and in connection with 
the refractive indices of the first salt described (K Mg sulphate), the 
refractive indices could not be so accurately determined at 70° with 
this series of salts containing water of crystallisation, as to enable 
{ull reliance to be placed upon the individual values for the different 
wave-lengths and fur the different axial directions, as indicative of 
slight changes in dispersion or in the relations of the three indices, the 
mean lowering of the refraction being all that could be determined 
with certainty. ‘The changes in optic axial angle, however, indicate 
that the increase of velocity brought about by rise of temperature is 
greatest along the ¢ axis and least along’the a axis. The more rapid 
approach of ¢ to 6 would account for the angle increasing in the 
potassium and rubidium salts, but, owing to the much closer approxi- 
mation of the a and 6 values in the cesium salts, the smaller change 
along the former axis would be relatively most important in effecting 
alteration in the relations of the three values, particularly in the cace- 
of cesium magnesium sulphate, and hence a decrease of angle would 
occur. That this is so was clearly proved in the case of the salt just 
mentioned, for the two images of the slit refracted by the prisms. 
affording the indices « and f were observed, on warming, to 
approach, coincide, pass each other, and separate on opposite cides, 
indicating the approach and interchange of the a and b values. It is 
quite evident that any large change of ¢ short of actual approach to b 
would be incompetent to prevent the approach to apparent uniaxial 
properties, both as regards refraction and optic axial angle phenomena. 
The other groups undoubtedly behave similarly as regards relative 
changes of velocity, although their cases are not so extreme. 

The order of dispersion of the median lines is the same throughout 
the series with the exception of two salts. These are the cesium 
magnesium and cesium copper salts, and both are cases in which. 
there is very near approach to coincidence of the a and £ refractive: 
indices. The amount of the dispersion is very small, rarely approach- 
ing half a degree between Li and F, and usually not more than a 
quarter of a degree. Hence it is much too small to enable differ- 
ences between the potassium, rubidium, and cesium salts of any one 
set to be determined. 

One further fact remains to be noticed, concerning the salts con- 
taining manganese and cadmium. 

Although the potassium salts of the groups containing manganese and 
cadmium have not yet been prepared, the results afforded by the rubidium 
and cesium salts containing manganese and cadmium are so similar to 
those yielded by the other rubidium and cesium salts of the series that 
there can be no reasonable doubt that, if the potassium salts could be 
prepared, they would cxhibit relationships to the respectively analogous 
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rubidium and cesium salts similar to those which have been found to 
_ evist in the six groups whose members have all been studied. 

It may be worth while to indicate the probable morphological and 
physical constants of these two possible salts of the series, in case 
they should ever be prepared. Taking into consideration all the 
facts presented in the foregoing discussion of the results of this 
investigation, there can be little doubt that the following values will 
not be very far removed from the truth. 


Potassium manganous sulphate, K.Mn(SO,).,6H,O — 
Axial angle B, 75° 13’. 
Ratio of axes, a: b : c, 0°739 : 1 : 0°497. 
Relative density, 2°110. 
Orientation of axes of optical ellipsoid, a: c, 13°. 
Refractive indices (Na), a 1:469, 8 1:475, + 1°488. 
Optic axial angle, 70°. 


Potassinm cadmium sulphate, K,Cd(SO,).,6H,O— 
Axial angle B, 75° 20’. 
Ratio of axes, a: b: c, 0°737: 1: 0°49. 
Relative density, 2°325. 
Orientation of axes of optical ellipsoid, a: c, 12”. 
Refractive indices (Na), @ 1-474, B 1480, q 1-492. 
Optic axial angle, 74°. 


SumMARY OF CONCLUSIONS. 


The foregoing communication has been confined exclusively, with 
the exception of the forecast of the properties of the two hitherto 
unprepared potassium salts of the series, to the actual observations 
made during the course of this work, and the results are consequently 
a collection of facts. Such theoretical considerations and specula- 
tions as may be deduced from them, bearing on the interesting ques- 
tion of the constitution of the structural unit, the so-called physical 
molecule or crystal element, and other problems, will be advanced in 
# separate communication. 

{n order that the whole work on this series of salts may be con- 
veniently reviewed at once, the conclusions concerning their mor- 
phology, taken, in abridged form, from the previous communication, 
are included, 

The complete series of conclusions now follows, those from the 
previous memoir being Nos. | to 6. 


Morphology 


1, The salts of the monoclinic series of double sulphates, 
R.M(SO,)2,6H,0, 
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eontaining cesium as the alkali metal, exhibit the greatest facility of 
formation and deposition in the form of crystals, and those contain- 
ing potassium least ; the salts containing rubidium occupy an inter- 
mediate position in this respect. ; 

2. The characteristic habit of the crystals of the potassium salts of 
the series is widely different from that exhibited by the crystals of 
the cesium salts, and the habit assumed. by the crystals of the 
rubidium salts is intermediate between the two. 

3. The morphological obtuse axial angle f increases with increase in 
the atomic weight of the alkali metal contained, and its magnitude in 
any rubidium salt of the series is approximately midway between 
that in the potassium and that in the cesium salt containing the 
same second metal. The relative amounts of change brought about 
in the magnitude of the axial angle by replacing the alkali metal 
potassium by rubidium, and the latter by cesium, are thus approxi- 
mately in direct simple proportion to the relative differences between 
the atomic weights of the metals interchanged.. The changes in the 
axial angle referred to are of considerable magnitude, usually exceed- 
ing a whole degree in each case, and are’ therefore far removed from 
the limits of error. 

4, The magnitudes of all the angles between the faces of the crys- 
tals of the salts of this series containing rubidium as the alkali metal 
lie between the magnitudes of the corresponding angles upon the 
erystals of the salts containing potassium and cesium respectively. 
The differences between corresponding angles, except in the case of 
the axial angle, are not generally in simple proportion to the differ- 
ences between the atomic weights of the alkali metals; the maxi- 
mum deviation from simple proportionality occurs in the prism zone, 
where the ratio of the differences, brought about respectively by the 
replacement of potassium by rubidium and rubidium by cesium, 
varies according to the nature of the second metal present from 1 : 2 
tol:3. Hence, as the atomic weight becomes.-higher, it exercises 
-an influence on the angles greater than in mere numerical proportion 
to its increase. 

5. The alkali metals R exert a preponderating influence in deter- 
mining the geometrical form of the crystals of the salts of this series, 
the angles being altered on replacing one such metal by the next 
higher or lower to an extent attaining a maximum of more than a 
whole degree in certain angles, whilst the replacement of the second 
metal M by any other of the same family group is unattended by any 
material change in the morphological angles. 

The different chemical nature of copper, compared with the other 
second metals, is seen in the differences, sometimes amounting to a 
degree, between the absolute values of the angles of the salts contain- 
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ing this metal and those of the analogous salts containing the other 
second metals. The relations presented by the three salts containing 
copper, however, are in rigorous accordance with rules 3 and 4, a 
fact indicating that those rules are not merely fortuitous. 

6. Although the importance of the morphological axial ratios, as 
indicative of the change of geometrical form on replacing one alkali 
metal by another, is greatly diminished by the occurrence of simul- 
taneous mutually neutralising changes in the angles which determine 
them, it is generally observed that, in any group of three salts con- 
taining the same second metal, the ratios for the rubidium salt lie 
between those of the potassium and cesium salts, and somewhat nearer 
to those of the potassium salt. 

7. The whole of the salts of the series exhibit a common cleavage 
direction parallel to the orthodome r' {301}. 


Volume. 


8. The relative density increases by an approximately constant 
amount for each of the two specific changes throughout the series, 
when potassium is replaced by rubidium or the latter by cesium. 
The difference evoked by the former change is larger than that 
produced by the latter in the proportion of 5: 4. 

9. An increase in molecular volume occurs when potassium is 
replaced by rubidium, or the latter metal by cesium. The amount 
of the increase is approximately constant for each of the two specific 
changes, the replacement of potassium by rubidium being invariably 
accompanied by an increase of about 9°3 units, whilst the inter- 
change of cesium for rubidium results in the relatively larger 
increase of about 13 units. 

10. The determination of the molecular volume is pre-eminently a 
function of the alkali metal R, change of the second metal M being 
accompanied by a relatively small change of volume. Thus, althougle 
the difference between the atomic weights of magnesium and either 
zine or copper is nearly the same as that between either potassium 
and rubidium or rubidium and cesium, yet the maximum amount 
of alteration produced by interchange amongst the first three is less 
than one unit, whilst the amounts produced by the interchange of 
the latter are as stated in rule 9, and when potassium is replaced by 
cesium the change of volume amounts to no less than 22 units. 

11. A comparison of the distance ratios, obtained by combining 
the morphological axial ratios with the molecular volume, indicates 
that the replacement of potassium by rubidium, or the latter by 
cesium, is sccompanied by a marked increase in the separation of 
the centres of the structural units or groups of units along each of the 
axial directions, corresponding to the increase in volume. The distance 
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ratios of any rubidium salt of the series are consequently interme- 
diate between those of the potassium and cesium salts containing the 
same second metal. The relative amounts of increase when rubidium 
replaces potassium, on the one hand, and when cesium replaces 
rubidium, on the other, are approximately equal along the inclined 
axis a, but are considerably greater along both the axis of symmetry 
b, and the vertical axis c, when cesium replaces rubidium than when 
the latter replaces potassium. As regards the relative amounts of 
increase along the directions of the three axes, the extension is 
invariably much the greatest along the axis of symmetry }, and least 
along the vertical axis c. Usually the extension in the latter direc- 
tion does not fall much behind that along the inclined axis; but in 
the copper salts the individuality of that metal manifests itself in a 
considerable augmentation of the extension along the inclined axis at 
the expense of a corresponding decline of extension in the direction 
of the vertical axis. 


Optics. 


12. The orientation of the variable axes lying in the symmetry 
plane of the optical velocity ellipsoid, the polar reciprocal of the 
optical indicatrix of Fletcher, of every rubidium salt of the series, is 
intermediate between that for the potassium and that for the cesium 
salt containing the same second metal. The maximum axis of the 
optical ellipsoid a lies nearest to the vertical morphological axis c 
in the potassium salt of each group, and is furthest removed for 
the cesium salt. The intermediate position for the rubidium salt is 
always considerably nearer to the position for the potassium salt 
than to that for the cesium salt, the replacement of rubidium by 
cesium being attended by a much greater change of orientation 
than in mere arithmetical proportion to the change in atomic 
weight. The optical ellipsoid thus rotates about its intermediate 
axis §, which is coincident with the morphological symmetry axis b, 
when one alkali metal is replaced by another. For any potassium 
salt of the series, it is situated so that its major axis, a, is but 
slightly inclined to the vertical morphological axis c, in the obtuse 
axial angle ac; for the corresponding rubidium salt the inclination is 
greater, and for the cesium salt greater still, and to a much larger 
extent. 

The different chemical nature of copper, as compared with the other 
second metals, is again manifested by the fact that the major axis a, 
of the optical ellipsoid of potassium copper sulphate, is inclined at so 
exceptionally large an angle to the vertical axis ¢ as to be in front of 
the normal to the basal plane, whereas it is behind that nor mal j in the 
other potassium salts of the series. 
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13, The refractive indices of any rubidium salt of the series are, 
without exception, intermediate between those of the potassium and 
cesium salts containing the same second metal, and nearer to those 
of the potassium salt. An increase in the atomic weight of the 
contained alkali metal is accompanied by an increase in the refrac- 
tive power of the crystal, and the increase in refraction becomes rela- 
tively greater as the atomic weight becomes higher. In the case of 
the intermediate 8 indices, whose ‘corresponding direction of vibra- 
tion is the invariable symmetry axis b, the amounts of increase due 
respectively to. the replacement of potassium by rubidium and of 
rubidium by cxsium vary slightly, according to the second metal 
present, from 1: 3 to 1: 4. 

14. The relative velocities of light vibration along the three axes of 
the optical ellipsoid of the:crystals of every rubidium salt of the 
series are intermediate between the velocities along the corresponding 
axial directions in the crystals of the potassium and cesium salts 
containing the same second metal. Increase in the atomic weight of 
the alkali metal is accompanied by an increase of resistance to the 
vibrations of light waves along each of the axes of the ellipsoid, and 
this alteration is relatively much greater when cesium replaces 
rubidium, than when the latter replaces potassium. In the case of 
the invariable direction of the axis 6, the relative amounts are as 
3:1; the amounts along the'axis a are always slightly larger than 
those along b, and in the same proportion, whilst those along the axis 
¢ are in every case much less, and the difference between the effects 
of the two replacements is more pronounced. 

15. An increase in the atomic weight of the alkali metal is accom- 
panied by convergence of the values of the velocity along the three 
axial directions abc towards unity, and, consequently, by a diminution 
in the amount of the double refraction. This property is already a 
very feeble one in the potassium salts, and it is extremely weak in 
the cesium salts; the rubidium salts occupy an intermediate position 
in this respect. The amounts of change in the velocity along the 
two directions of the axés a and 6, when potassium is replaced by 
rubidium, or the latter’ metal by cesium, being but slightly different, 
the relations of these two velocities are only slightly changed; the 
slower ‘rate of change along the ¢ axis, however, has the effect of 
introducing more considerable changes, in the form of convergence, 
in the relations between’ the value for this axis and the other two 
axial values. Both the former slight relative alteration and the 
latter more considerable one are progressive in character, the rubidium 
salt invariably occupying an intermediate position. 

16. The preceding rule receives somewhat remarkable confirmation 
in the case of cesium nickel sulphate. With the exception of. this 
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salt, the whole of the salts of the series exhibit positive double refrac- 
tion. Owing to the fact that in the potassium nickel salt the a and b 
values are at their maximum separation for the series, although still 
nearest together of all the three values in accordance with positive 
double refraction, the operation of the rule causes it to happen that, 
in the cesium salt, the ¢ value, in consequence of its more rapid rate 
of convergence, has approached nearest the intermediate value h,:and 
so this salt ought to exhibit negative double refraction, a presumption 
in complete accord with actual observation. 

17. Another extraordinary effect of the operation of rule 15’is 
afforded by the refraction phenomena of cesium magnesium sulphate. 
The difference between the a and values is at its minimum for the 
potassium salts of the series in the case of potassium magnesinm 
salphate, and the rule of convergence towards unity results in the 
ratio a: 6 actually arriving at unity for the cesium salt. Owing to 
the existence of the usual slight difference in dispersion along the 
axial directions, the coincidence is only absolute for wave-length 450 
in the blue. The difference of the two velocities, or of the corre- 
sponding refractive indices, is about 0°0001 for sodium light, and 
00002 for lithium light, the order being as usual throughout the 
series ; for violet G light the values also differ by about 0:0001, but 
the order is reversed. Hence for wave-length 450 cesium magnesium 
sulphate exhibits apparent uniaxial properties. The differences just 
enumerated for other wave-lengths are so slight that a 60° prism 
affording these indices exhibits only one image of the spectrometer 
slit, even for lithium light, unless an eye-piece of very high power 
is employed in the telescope. 

From this and the preceding conclusion 16, it will be evident 
that although the slight influence of the second metal, which ‘is 
chiefly observed as regards the ratio a:b, cannot be expressed 
according to any rule involving the atomic weight of. that metab, 
yet its specific nature is of considerable importance in determining 
the optical phenomena presented by the crystals. 

18. The whole of the specific and molecular optical constants, 
calculated by means of the formule of Lorenz or of Gladstone and 
Dale, for every rubidium salt of the series, are intermediate Between 
those of the potassium and cesium salts containing the same second 
metal. 

The replacement of potassium by rubidium, and of the latter by 
cesium, is accompanied by a diminution of specific refraction and 
specific dispersion, the amount of which is twice as great when the 
former chemical change occurs as when the latter substitution is 
effected. The maximum diminution in specific refraction oecurs along 
the axis ¢; the somewhat smaller amounts of diminution along a and 
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b are almost identical, the amount along 6 being invariably, however, 
slightly the larger. 

The same chemical changes, involving an increase in the atomic 
weight of the alkali metal, are attended by an increase of molecular 
refraction and molecular dispersion, the amount of which is greatest 
when cesium replaces rubidium, the proportions for the two changes 
in molecular refraction being as 3:5. The amounts of increase of 
molecular refraction are nearly the same along a and 6, that along 
the former direction is slightly the greater, and is the maximum 
increase; the minimum increase occurs along c. 

These rules are equally valid, whether the constants are calcuiated 
by the formule of Lorenz, or of Gladstone and Dale, and whatever 
may be the wave-length for which the comparison of refraction con- 
stants is made. Moreover, as refraction and density are similarly 
affected by change of temperature, they are independent of tempera- 
ture. 

The influence of the second metal in bringing about changes in the 
molecular optical constants is but slight compared with that due to 
the alkali metal. It is, however, perceptible in the case of the more 
intimately related metals magnesium, zinc, and cadmium. The 
specific refraction diminishes when magnesium is replaced by zinc, 
and again when zine is replaced by cadmium, whilst the molecular 
refraction increases under the same circumstances. The amount of 
the change is greatest, in the case of the specific refraction, when mag- 
nesium is replaced by zinc, anil, in the case of the molecular refrac- 
tiov, when zinc is replaced by cadmium, a similar order as regards 
atomic weight as was observed on replacement of the alkali metal. 

19. Excluding the salts containing magnesium, the cesium salt of 
which is not strictly comparable with the other two salts, on account 
of the extraordinary conditions following the operation of rule 15, the 
optic axial angle (angle between the optic binormals of Fletcher) of 
any rubidium salt of the series is intermediate between the optic 
axial angles of the potassium and cesium salts containing the same 
second metal, whatever wave-length is chosen for the comparison. 
‘This rule is in complete accordance with rule 15, the progressive 
change there referred to leading to a progressive change in the optic 
axial angle, which varies in character in the different groups, accord- 
ing to the relative rates of convergence of the extreme values of the 
velocity towards the intermediate value on replacing the alkali metal 
by one of higher atomic weight. 

This variation in the character of the progressive change in the 
optic axial angle is due to the influence of the second metal. 

20. The first median line is the minimum axis of the optical 
ellipsoid ¢ in every salt of the series, except cesium nickel sulphate, 
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in accordance with the positive sign of double refraction. In the 
cesium nickel salt, a reversal of the median lines occurs, the first 
median line being the maximum axis a and the sign of double 
refraction negative, a direct consequence of rule 15, as described in 
the statement concerning this salt which follows the rule. In accord- 
ance with the velocity relationships there referred to, the optic axial 
angle is already unusually large in potassium nickel sulphate, and the 
operation of the rule of progressive change in the optic axial angle 
renders it so large when the cesium salt is reached that it exceeds 
90°, and the median line, which had hitherto been the first, becomes 
the second. 

21. In the case of the three salts containing magnesium, the pro- 
gressive alteration of optic axial angle proceeds, according to the rule, 
from the potassium to the rubidium salt. Owing, however, to the 
remarkable relationships of the velocities along the three axial direc- 
tions when the cesium salt is reached, brought about by the opera- 
tion of rule 15, and described in paragraph 17, quite extraordinary 
optic axial angle phenomena are exhibited by the crystals of caesium 
magnesium sulphate, including very large dispersion of the optic 
axes for different wave-lengths in crossed axial planes, and great sen- 
sitiveness to change of temperature. Indeed, cesium magnesiun 
sulphate exhibits one of the most interesting cases of crossed axial 
plane dispersion yet described in connection with crystals of mono- 
clinic symmetry, and the whole phenomena are the direct result of 
rule 15, connecting the atomic weight of the contained metal with 
the velocity of light vibration. 

22. Rise of temperature causes an increase in the optic axial angles 
of the potassium salts of the series, usually amounting to about 2}° 
for a rise of 50°; the effect of a similar change of temperature ou 
the rubidium salts is to provoke a smaller increase of angle, inappre- 
ciable in the case of rubidium magnesium sulphate, but usually 
amounting to about 14°. In the case of the cesium salts, a decrease 
of optical axial angle is always observed under like circumstances, 
averaging 2°, but exceptionally large in the instance of cesium mag- 
nesium sulphate from the cause just described. The copper salts 
again manifest the individuality of that metal in exhibiting larger 
increases than usual of 9° and 3° respectively, in the cases of the 
potassium and rubidium salts of that group. In all cases, however, it is 
observed that the rubidium salt of any group occupies an intermediate 
position, with an optic axial angle exhibiting but slight change on 
rise of temperature, between the corresponding potassium salt exhi- 
biting a larger positive change, and the cesium salt of the same 
group, which exhibits a negative change. 

23. Although the potassium salts of the groups containing man- 
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ganese and cadmium have not yet been prepared, the results afforded 
by the rubidium and cesium salts containing manganese and cadmium 
are so similar to those yielded by the other rubidium and cesium 
salts of the series, that there can be no reasonable doubt that if the 
potassium salts could be prepared, they would exhibit relationships to 
the respectively analogous rubidium and cesium salts similar to those 
which have been found to exist in the six groups whose members 
have all been studied. 

24. The foregoing results have clearly demonstrated that the alkali 
metal R exerts a predominating influence in determining the crystallo- 
graphical characters of the deuble sulphates of the series 
R2M(SO,).,6H,0, the influence of the second metal M being com- 
paratively slight. It has been further established that the salts of each 
group, containing the same second metal, exhibit a regular progression 
of crystallographical properties corresponding to the progression in the 
atomic weight of the alkali metal contained. -With regard to every 
property, morphological or physical, the rubidium salt of every group 
stands intermediate between the potassium and the cesium salt of 
that group. It has also been generally observed that the replacement 
of rabidium by cesium is accompanied by a much greater modifica- 

‘tion of the erystallographical characters than the interchange of 
rubidium for potassium, indicating that change in the atomic weight 
of the alkali metal becomes more potent in its modifying influence as 
the atomic weight becomes higher, than in mere arithmetical proportion 
to that change. Moreover, this statement is rigorously correct as 
regards even the minutest details of the physical properties, and for 
all temperatures within whose limits the salts are capable of existing. 
Further, the extraordinary optical properties exhibited ky one member 
of the series, cesium magnesium sulphate, have been shown to be the 
direct result of the operation of this generalisation, and without it 
‘would have been inexplicable. So absolutely general, without excep- 
tion, is it in its application to the 22 salts investigated, that it 
is now possible to predict in detail the properties which would be 
exhibited by the two hitherto unprepared salts of the series, potassium 
manganous sulphate, and potassium cadmium sulphate, if these salts 
should ever be isolated in the crystallised condition. 

- That the collection of rules now established is really entitled to be 
called a generalisation, and is not merely fortuitous, repeated in every 
group of the series, on account of the similar chemical nature of the 
second metals and the slight influence which they exert in modifying 
the properties of the crystals, is conclusively demonstrated by the 
results of the investigation of the copper group. The different 
chemical nature of this metal has been unmistakably emphasised, 
with regard to almost every property, by the exceptional character of 
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the absolute values of the various morphological and physical con- 
stants. Yet the relations of these values for the three salts contain- 
ing copper are in every instance in rigorous accordance with the rules 
found for the rest of the series. 

The final conclusion of this investigation, therefore, is that 

The alkali metal R exerts a predominating influence in determining 
the characters of the crystals of the isomorphous monoclinic series of 
double sulphates, R,M(SO,).,6H,0O, and the whole of the crystallo- 
graphical properties vf the potassium, rubidium, and cesium salts con- 
taining the same second metal M are, in the case of every such group 
throughout the series, functions of the atomic weight of the alkali metal 
which they contain. 


XXXV.— Comparison of the Results of the Investigations 
of the Simple and Double Suiphates containing 
Potassium, Rubidium, and Casium, and general 
Deductions therefrom concerning the Influence of 
Atomic Weight on Crystal Characters. 

By Aurrev E. Turron, Assoc. R.C.S. 


Ir is of considerable importance to compare the results of the detailed 
investigation of the crystallographical characters of the rhombic 
normal sulphates of potassium, rubidium, and cesium, communicated 
to the Society in 1894 (Trans., 1894, 65, 628), with those of the 
memoir preceding this, concerning the monoclinic double sulphates 
of the isomorphous series R,M(SO,),.,6H,O, containing the same three 
alkali metals. The latter communication has been confined to the 
actual results of the experimental work. The conclusions of the 
former memoir are also all related to matters of fact, being the ex- 
pression of the incontrovertible results of most careful measurements 
and determinations of physical constants, with the exception of 
conclusion 10 (p. 713), and more particularly the latter portion of 
that paragraph, in which certain speculations were indulged in 
relating to the problem of the nature of the crystal element. The 
considerations upon which those speculations were based are fully set 
forth in pp. 661 and 662 of the memoir, and will be discussed subse- 
quently in the next communication, in the light of the results of the 
investigation of the double sulphates. It is most important in the 
first place, however, to review side by side the results based upon 
the experimentally ascertained facts in connection with the two 
investigations. 

It has been shown that the alkali metal R exerts a predominating 
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influence in determining the crystallographical characters of the 
double sulphates. Hence the relations between the potassium, 
rubidium, and cesium salts of each group, that is, containing the 
same second metal, are fairly comparable with the relations exhibited 
between the simple sulphates of those metals themselves, as evidences 
of the effect of change in the atomic weight of the alkali metal. 

The habit assumed by the crystals of rubidium sulphate, or of any 
rubidium salt of the series of double sulphates, is intermediate in 
character between the habits exhibited by the corresponding potas- 
sium and cesium salts. 

The morphological angies of the rubidium salt, either simple or 
double, are invariably intermediate between the corresponding angles 
of the analogous potassium and cesium salts. Owing to the small- 
ness of the differences in the case of the simple sulphates, no definite 
statement could be made regarding the relative effect of replacing 
potassium by rubidium, and the latter by cesium; but in the case of 
the larger differences presented by the double sulphates, where the 
symmetry is of a lower order, it was observed that as the atomic 
weight of the alkali metal becomes higher it exercises a relatively 
greater effect in modifying the morphological angles. It was interest- 
ing to find, however, that in the case of the monoclinic axial angle £, 
the angie between the two morphological axes lying in the plane of 
symmetry, the change of angle was approximately in direct simple 
proportion to the change in atomic weight. 

The morphological axial ratios of any rubidium salt, simple or 
double, were also found to lie between those of the corresponding 
potassium and cesium salts. 

The relative density, molecular volume, and distance ratios, that is 
to say, the whole of the constants connected with the extension 
in space, are also invariably intermediate in either the simple sulphate 
of rubidium or any rubidium double salt of the series under dis- 
cussion, between the corresponding constants for the analogous 
potassium and cesium salts, and as regards the volume and the 
distance ratios the replacement of rubidium by cesium is always 
accompanied by a much larger change than when potassium is re- 
placed by rubidium. It thus appears that extension occurs along 
each axial direction whenever the atomic weight of the alkali metal 
is raised, whatever be the nature of the symmetry, and that the amount 
of the extension is a function of the atomic weight, which involves 
higher powers of that property than the first. 

It is of interest to note that the amount of increase in molecular 
volume on passing from a potassium to a rubidium salt in the series 
of double sulphates is practically constant, about 9:3 units, and 

similarly on passing from any rubidium salt to the corresponding 
cesium salt, when the larger increase is about 13 units. These 
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amounts of increase, however, are not quite the same as those corre- 
sponding to the replacement of potassium in the simple sulphate by 
rubidium, and the latter subsequently by cesium, which were observed 
to be somewhat less, 8'4.and11'4. Itis, doubtless, of some significance 
that the replacement of one alkali metal by another should be 
accompanied by appreciably greater change in volume in the double 
sulphates than in the simple salts. 

It is next important to ascertain whether the alkaline sulphates 
occupy the same volume in their simple state as in the double 
sulphates. Fortunately there is excellent data available, as regards 
the volume of the M metals, in the results of the investigation of 
Thorpe and Watts (Trans., 1880, 3'7, 102) concerning the volumes of 
the vitriols. In the course of that work they determined the 
relative densities of the anhydrous sulphates of magnesium, zinc, 
ferrous iron, manganese, nickel, cobalt, and copper, and the 
density of anhydrous nickel sulphate in the state of good crystals 
was also determined by Lepierre and Lachaud (Compt. rend., 1892, 
115, 115), and by Klobb (Compt. rend., 1892, 114, 836). There 
is no data available for cadmium sulphate. Thorpe and Watts also 
determined the volume of the water of crystallisation in magnesium 
sulphate in various stages of hydration. They showed that the 
firmly held seventh molecule of water, the water of constitution, 
occupied the volume 10°7, whilst the various molecules of water of 
crystallisation occupied somewhat increasing volumes as their number 
present in the salt increased, ranging from 13°3 to 16-2, and averaging 
about 15. If then we take the volume of 6H,O as six times 15, or 
90, and add to this the volume of the anhydrous M sulphate, and the 
volume of the alkaline sulphate determined by the author, we should, 
if the alkali sulphate occupied the same volume when crystallised 
alone as when present in the double salt, obtain a number practically 
identical with the observed molecular volume of the double salt. The 
following calculations will show how far this is the case. 

The relative density of anhydrous magnesium sulphate is 2°709. 
Its molecular volume is therefore 44°35, and the volume of MgSO,6H,O 
= 44:3 + 90 = 1348. 

Observed. 

Mol. vol. of KMg sulphate De 6. 198-2 

“ RbMg _,, 3° he 207°6 
- CsMg - O° ‘ 220°7 
The relative density of ZnSQ, is , the volume 44°4, 0°1 higher 
than MgSO, Hence 
Observed. 
Mol. vol. of KZn sulphate is 199-7. 197°7 
- RbZn ” 208'2. 207°2 
‘. CsZn - 219°6. 219°9 


4Y8 TUTTON: SULPHATES CONTAINING 


The relative density of FeSQ, is 3°346, the volume 45-4, 1:1 higher 
than MgSQ,. 
Observed. 
Mol. vol. of KFe sulphate is 200°7. 200°1 
w RbFe 9 209-2. 209°2 
ss CsFe 9 220°6. 222°6 
The relative density of MnSQ, is 3282, the volume 46:0, or 1:7 
higher than MgSOQ,. 
Mol. vol. of KMn sulphate would be 201°3. Not observed. 


Observed. 
»  BbMn ,, is 2098. 2137 
oF CsMn BS re 221°2. 226°6 


The relative density.of NiSO, in crystals is 3°67, the volume 42:2, 
or 2°1 less than MgSQ,. 


Observed. 
Mol. vol. of KNi sulphate is 197°5. 195°6 
i. RbNi js 206°0. 2049 
99 CsNi ‘o 217°4. 217°9 


The relative density of CoSQO, in 3:472, the volume 44°8, or 0:5 
greater than MgSQ,. 


Observed, 
Mol. vol. of KCo sulphate is 200°1. 197°8 
a RbCo - 208°6. 207°3 
os CsCo a 220°1. 220°3 


The relative density of CuSO, is 3°606, the volume 44°], or 0-2 less 
than MgSQ,. 


Observed. 
Mol. vol. of KCu sulphate is 199°4., 198°3 
a RbCu * 207°9. 207°6 
~ CsCu o" 219°3. 220°2 


Hence it is evident that within very narrow limits the volume of the 
alka sulphate is the same in the double salt as it is in the simple salt 
itself. As regards these narrow limits, it will be noted that the 
differences between the calculated values of the potassium and cesium 
salts containing the same second metal is invariably 20, whilst the 
observed difference was 22. This, of course, is because the former 
smaller difference was observed between the simple sulphates of 
potassium and cesium, whose values are used in the calculations. 
There is absolutely no deubt as to the accuracy of the densities of 
the simple alkaline sulphates, and the results for all the severa! series 
of double salts confirm each other. The further consideration, how- 
ever, of this minute difference in the amount of change of volume, 
accompanying replacement of one alkali metal by another, in the 
simple sulphates and the double salts respectively, may with advan- 
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tage be deferred until the completion of the work on the analogous 
selenates. For the present purpose, it is sufficient to observe that 
the volume occupied by the alkaline sulphate in the double salt ig 
practically identical with its volume in the free state. 

Another point of importance, indicated by the agreement of the 
observed values with those calculated from the data specified, is that 
none of the molecules of water are present in the double salts in the 
condition of water of constitution occupying the smaller volume 10°7. 

It is especially interesting to point out that the molecular volumes of 
the simple alkaline sulphates are very considerably less than the sum 
of the atomic volumes, even less than the atomic volume of the alkali 
metal alone. The atomic volume of potassium is 45°5, of rubidium 
56°3, and of cwsium 70°7, and 2 atoms would correspond to volumes 
of 91, 112°6, and 141°4 respectively, whilst the molecular volume of 
K,SQ, is only 65°3, of Rb,SO, 73°8, and of Cs,SO, only 85°2. Hence 
an enormous contraction must follow the combination of the atoms of 
the alkali metal with the acid radicle. 

In the case of the rhombic simple sulphates, the three principal 
optical directions, the optical elasticity axes according to the older 
theory, the principal axes of the optical indicatrix of Fletcher, and of 
its polar reciprocal, the optical velocity ellipsoid referred to through- 
out the preceding communication, are, in accordance with the nature 
of the symmetry, identical with the directions of the morphological 
axes. Consequeutly they suffer no change of direction when one alkali 
metal is replaced by another, the symmetry remaining unaltered. On 
the other hand, only one of these axes remains constant in direction 
in the double sulphates, the one which is coincident with the morpho- 
logical symmetry axis, and normal to the symmetry plane. The other 
two principal rectangular axes of the optical ellipsoid are only subject 
to the conditions that they must lie in the symmetry plane, and 
preserve their rectangularity, being free to move together in the 
symmetry plane. It has been shown that the optical ellipsoid 
actually rotates round the fixed symmetry axis as the atomic weight 
of the alkali metal is raised, and that the replacement of rubidium by. 
cesium is accompanied by a much greater amount of rotation than 
when potassium is replaced by rubidium. The amount of this rotation 
is very considerable, reaching a maximum in the magnesium salts of 
33° between the potassium and the cesium salts. It is one of the. 
most interesting and doubtless significant results derived from the 
investigation. The rotation follows in direction the movement of 
the inclined morphological axis, assuming the vertical axis to remain 
vertical; for as the atomic weight of the alkali metal increases the, 
obtuse angle between the inclined and vertical axes widens, by about 
2° between potassium and cesium, and the two rectangular axes of 
the optical ellipsoid ying in the symmetry plane move round in the 
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same direction as the inclined morphological axis, but to a much 
larger extent. It would, therefore, appear that the alteration of the 
morphological axial angle is connected with the alteration in the 
orientation of the optical ellipsoid, that is to say, the alteration in the 
angle between lines of contiguous structural units, parallel to the two 
directions of the vertical and inclined morphological axes, is inti- 
mately connected with the relatively very large alteration in the 
directions of maximam and minimum velocity of light vibration 
through the crystal which is observed. 

The refractive indices of the simple normal sulphate of rubidium, or 
of any rubidium salt of the series of double sulphates, are inter- 
mediate between the indices of the analogous salts containing respec- 
tively potassium and cesium, and invariably lie nearer to those of the 
potassium salt. It was observed, both as regards the simple sulph- 
ates and the double sulphates, that an increase in the atomic weight 
of the alkali metal is accompanied by an increase in the refractive 
power of the crystals, and that, in accordance with the latter portion 
of the previous statement, the increase in refraction becomes rela- 
tively greater as the atomic weight becomes higher. It is of import- 
ance to observe, however, that the actual differences between the 
refractive indices of corresponding potassium, rubidium, and cesium 
salts are much larger in the case of the simple sulphates than in any 
group of the double sulphates. Thus, the intermediate f indices for 
sodium light for the three simple sulphates are: for K,SO, 1:4947, 
for Rb,SO, 1°5133, and for Cs,SO, 15644, a difference between K 
and Cs of 0°0697, whilst for the magnesium group, which exhibits 
the greatest difference of any group of the double sulphates, the 
By, indices are: potassium magnesium sulphate 1°4629, rubidium 
magnesium sulphate 1°4689, and cesium magnesium sulphate 1°4858, 
exhibiting a difference of 0°0229, or only one-third the difference ob- 
served for the simple sulphates. This is doubtless due to the greater 
magnitude and complexity of the double sulphate molecule, a change 
in the atomic weight of even the most important element prezent, the 
alkali metal, being naturally incapable of modifying the physical 
properties to so large an extent as would be the case in a simple 
molecule such as that of the normal sulphate. 

The velocity ratios (for light), or ratios of the refraction reciprocals, 
the optical elasticity ratios of the older theory, naturally follow 
similar laws tv the refractive indices; in both simple and double 
sulphates the ratios for a rubidium salt are intermediate between 
those for the corresponding potassium and cesium salts. Increase in 
the atomic weight of the alkali metal is accompanied by an increase 
of resistance to the vibrations of light waves along each axis of the 
optical ellipsoid, and the resistance interposed is much greater when 
cesium replaces rubidium than when the latter replaces potassium, 
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that is to say, it becomes greatly augmented as the atomic weight rises, 
far more so than in proportion tothe augmentation in atomic weight. 

The progressive changes in the velocity ratios introduced by 
increasing the atomic weight of the alkali metal, graphically repre- 
sented by the changes in the lengths of the axes of the optical ellip- 
soid, are such in both simple and double sulphates as to result in a 
convergence of the maximum and minimum values of these ratios 
towards unity. That is, as the atomic weight of the alkali metal 
rises the differentiation in optical behaviour in different directions in 
the crystals becomes less marked. In all the groups of double sulph- 
ates, except the magnesium group, the operation of this rule results 
in the double refraction, already weak in the potassium salts, becom- 
ing feebler in the rubidium salt, and feebler still in the cesium salt. 
In the magnesium group it results in identity of two of the three values 
being actually attained when the cesium salt is reached, and hence 
the remarkable optical phenomena presented by cesium magnesium 
sulphate described in the preceding communication. In the simple 
sulphates the result is even more extraordinary, for the convergence, 
of the two extreme values is so rapid that they are almost arrived at 
unity in the rubidium salt, and actually so if the temperature is 
slightly raised, thus causing normal rubidium sulphate to exhibit 
similar remarkable optical phenomena to cesium magnesium sulph- 
ate; just beyond the rubidium salt the curves representing these 
same two values coincide at the ordinary temperature and cross each 
other, afterwards diverging until, when the cesium salt is reached, 
they are further apart than they were in the potassiam salt, but the 
sign of double refraction is completely reversed. 

Hence the results as regards both the simple sulphates and the 
double sulphates are in perfect agreement in regard to the regularly 
progressive nature of the changes introduced into the optical ellipsoid 
by increase of the atomic weight of the alkali metal. It is doubtless 
significant that the striking effect, in the case of the simple sulphates, 
of the rule regulating these changes is most nearly reproduced in the 
magnesium group of the double sulphates, in which the atomic 
weight of the second metal magnesium is much lower than that of 
any other of the second metals, and hence the total relative weight 
of the molecule is least, and the magnesium salts are therefore more 
largely affected by change of the alkali metal. 

The whole of the specific and molecular optical constants of rubidium 
sulphate, and of every rubidium salt of the series of double sulphates, 
have been shown to be intermediate between the analogous salts con- 
taining respectively potassium and cesium. Both with respect to the 
simple sulphates and to the double sulphates it was observed that 
increase in the atomic weight of the alkali metal is accompanied by 
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a diminution of specific refraction and dispersion, the amount of 
which is much greater when potassium is replaced by rubidium than 
when the latter metal is replaced by cesium. The same changes are 
prodactive of an increase iu the molecular refraction and dispersion, 
and the amount is much the greatest when cesium replaces rubidium, 
the opposite of the case for the specific constants. These rules were 
further shown to be independent of the nature of the light and cf 
temperature. 

The molecular refraction data now available for the simple sclph- 
ates and so large a number of double sulphates afford some interest- 
ing and not unimportant comparisons. 

It was found that when rubidium replaced potassium in potassium 
sulphate a mean difference of molecular refraction for the ray C of 
548 Gladstone and Dale or 3:11 Lorenz units was observed. In 
the double sulphates the like chemical change was found to be ac- 
companied by a mean increase varying in the different groups from 
5°11 to 5°32 or 2°97 to 3:09 according to the formula employed. The 
replacement of rubidium in rubidium sulphate by cesium was accom- 
panied by a mean increase of LO Gladstone and Dale units or 5°43 
Lorenz units; in the double sulphates a similar replacement corre- 
sponded to a mean increase of 9°26 to 9°96 or 5°19 to 5°50 such units. 
It is evident, therefore, that approximately identical changes in mole- 
cular refraction accompany similar chemical changes both in the 
simple salts and in the double salts. The mean values from all the 
results, both for the simple and double sulphates, are 527 and 9°72 
Gladstone and Dale units for the replacement respectively of potas- 
sium by rubidium, and the latter by cesium, or 3°05 and 5°41 Lorenz 
units. 

Now, the molecular refraction equivalent of potassium has been 
determined with very great care by Gladstone, after taking account of 
recent determinations of other workers besides himself, and he ascribes 
the value 7°85 to it (Trans., 1891, 59, 597). Assuming this number 
to be correct, and adding to twice this value, 15°7, corresponding to 
the 2 atoms of potassium, the increment of 5°27 on replacing potas- 
sium by rubidium, we obtain, assuming no extraordinary changes 
occur, the value 20°97 for 2 atoms of rubidium and 10°5 as the re- 
fraction equivalent of rubidiam. Adding the farther increment of 
9°72, for the replacement of rubidium by cresium, to 20°97 we obtain 
30°69 for the value of 2 atoms of cesium, or 15°35 for the refraction 
equivalent of cesium. 

The values for rubidium and cxsium previously given by Gladstone 
(Phil. Trans., 159, 13: Proc. Roy. Soc., 18, 49) are 12°1 and 19:1 re- 
spectively, and by Kanonnikoff 12°04 and 19°55 (J. pr. Chem., 1885, 
31, 321, 497). 
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It is evident that either these latter values of the two metals are 
incorrect, or that some extraordinary diminution of molecular refrac- 
tion occurs in both simple and doable sulphates. 

A most valuable confirmation of the author’s values for the mole- 
cular refraction of the simple sulphates has recently been published 
by Gladstone (Trans., 1895, 67, 840), who has determined the re- 
fractive indices in solution. The numbers thus obtained for the 
refraction equivalents are: for K,SO, 32°15, practically the same as 
the 1891 value, for Rb,SO, 38°39, and for Cs,SO, 47°57. The mean 
values corresponding to the three crystal indices obtained by the 
author for the three respective salts were 32°30, 37°79, and 47°77. 
Hence it is clear that solution merely gets rid of the differential 
refraction in different directions, the value for the dissolved salt 
being practically identical with the mean of the three values along 
the principal optical directions of the crystal. Gladstone has also 
determined the molecular refraction of potassium zine sulphate, and 
obtained the number 95°94, a value almost absolutely identical with 
the author’s mean value for the crystal 95°90. 

Before proceeding further it will afford some guide if the values 
of the radicle SO, are deduced from the refraction equivalents of the 
simple sulphates, assuming 7°85, 10°5, and 15°35 to be the equivalents 
of potassium, rubidium, and cesium respectively. Deducting twice 
these values, for the 2 atoms of each respective alkali metal, from the 
above quoted mean values for crystals of K,SO,, Rb,SO,, and Cs,80,, 
the numbers 16°6, 16°79, and 17°07 are obtained for SOQ, Now, even 
the highest of these is appreciably lower than the value previously 
found by Gladstone for this radicle, 17°5 (Trans., 1891, 59, 597), and 
if the previously accepted values of Gladstone and of Kanonnikoff for 
rubidium and cesium were adopted the numbers for SQ, derived 
from the two corresponding salts would be much lower still, namely, 
13°59 and 9°57, numbers which are absurdly low. Hence one of two 
things occurs. Kither the refraction equivalents hitherto accepted 
for rnbidium and cesium are incorrect, at any rate in these salts, or, 
being correct, there is some disturbing cause in operation which re- 
sults in a considerable absorption of refractive energy, and which 
becomes more powerful as the atomic weight of the alkali metal rises. 
For it is evident that if the molecular refractions of K,SO,, Rb,SO,, 
and Cs,SOQ, are calculated, assuming Gladstone’s 1891 values for SO, 
and potassium, and the older values of Gladstone and of Kanonnikoff 
for rubidium and cesium, the number obtained for K,SQ, will be 
practically identical (33°2) with that derived from actual observation, 
while the numbers for Rb,SO, (41°7) and Cs,SO, (55°7) will be con- 
siderably larger than those calculated from the observed refraction, 
the latter number exhibiting the greatest discrepancy. 

2u 2 
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It is also possible to calculate with especial accuracy the molecular 
refraction of two of the groups of double sulphates, those containing 
magnesium and zinc; for Gladstone has recently determined the 
values of MgSO, and of ZnSO, (Trans., 1895, 67, 838), and in the 
same memoir publishes the results of a most careful re-determination 
of the value for water. Assuming these values, MgSO, = 24:1, 
ZnSO, = 26°32, H.O = 6°01, and taking first the author’s determined 
values for K,SO,, Rb,SO,, and Cs,SQ,, and afterwards the values 
calculated for these salts, on the assumption that K = 7°85, Rb = 
12°1, and Cs = 19:1, the following results are obtained. 


Value Value 
Mean values calculated calculated 
derived from on first on second 
Salt. direct observation. assumption. assumption. 


K,Mg(SO,)2,6H.0 ... 92°41 92°46 93:36 
Rb,Mg(SO,)2,6H:0... 97°78 97-95 101:86 
Cs,Mg(SO,)2,6H,0... 107:42 107 93 115-86 


K,Zn(SQ,).,6H,0.... 95°90 94°68 95°58 
Rb.Zn(SO,)2.,6H,0... 101°22 100°17 10408 
Cs,Zn(SO,).,6H.0 ... 110°75 110715 118-08 


It is evident that the numbers calculated on the first assumption 
agree very closely with the values derived from the actual measure- 


ments, while those based upon the second assumption are much too 
high for the rubidium and cesium salts, and particularly the latter. 
The first series of numbers for the zinc salts agree still more closely 
if Kanonnikoff’s value for Zn (9°8) be taken, along with Gladstone's 
recent value for SQ;, when ZnSO, becomes 27°3, one unit more than 
Gladstone’s value for ZnSQ,. 

Hence the same fact is as clearly demonstrated in the double sulph- 
ates as in the simple sulphates, that either the hitherto accepted 
values for Rb and Cs are too high, and the latter to the greatest 
extent, or there is some internal source of loss of refractive energy 
which is more effective as the atomic weight of the alkali metal rises. 
Which of the two possibilities is correct had perhaps better be left 
uudiscussed until further observations on other compounds of these 
metals are available. Doubtless the investigation of the selenates 
and double selenates on which the author is now engaged will afford 
additional information on this point. 

The refraction equivalents of the remaining double salts of the 
series, derived from direct observation, will now be compared with the 
values calculated by use of the author’s observed values for K,SO,, 
Rb,SO,, and Cs,SO,, and Gladstone’s older values for ferrous Fe (12), 
Ni (10°4), Co (10°8), Cu (11°6), Mn (12°2), Cd (13°6), and his more 
recent values for SO, (17°5), and H,O (6-01), in order to ascertain 


POTASSIUM, RUBIDIUM, AND CESIUM. 505 


whether a similar agreement occurs to that shown between the values 
in the first two columns in the preceding table for the magnesium and 
zinc salts. 


Mean value 
derived from Calculated 
Salt. direct observation. value. 


K,Fe(SO,),,6H,0 96:92 97°86 
Rb,Fe(SO,)2,6H;0...... 102-03 103-35 
Cs,Fe(SO,)2,6H,O 112°00 113°33 


K,Ni(SO,),,6H,O....... 96°33 96°26 
Rb;Ni(SO,)2,6H,O 10150 101-75 
Cs,Ni(SO,)2,6H,0 111-25 111:73 


K.Co(SO,)2,6H,O 96°66 
Rb,Co(SO,),,6H,0 101:91 10215 
Cs,Co(SO,)2,6H,0 112°13 


K,Cu(S0,),6H,O...... 97°29 97°46 
Rb,Cu(SO,)2, 6H,0 102:54 102-95 
Cs,Ca(SO,).,6H,0...... 111-80 112-93 


Rb,Mn(S8OQ,)2,6H,O..... 102°95 103°55 
Cs,Mn(SO,)2,6H,O 112°49 113°53 


Rb,Cd(SO,)2,6H,O 104°95 
Cs,Cd(SO,).,6H,0...... 114°58 114-93 


It will be observed that the agreement is fairly close throughout. 
If, however, instead of the observed values of Rb,SO, and Cs,SO,, 
corresponding to the values for Rb and Cs of 10°5 and 15°35 respec- 
tively, being used in the calculations, the usually accepted values for 
Kb and Cs, 12°71 and 19°1 are employed, the calculated values for 
the rubidium double salts will be 3—4 units higher than the ob- 
served values, and for the cwsium double salts 7—8 units higher, as 
in the cases of the magnesium and zinc salts. 

It is, therefore, undoubtedly a fact that the same refraction equivalents 
which were observed in the case of the simple sulphates apply also to those 
salts when combined with the sulphates of magnesium, zinc, tron, nickel, 
cobalt, copper, manganese, and cadmium to form the double sulphates 
crystallising with 6 mols. of water. 

It is interesting to note that the greater difference which is ob- 
served in molecular refraction between the cesium and rubidium 
salts than between the potassium and rubidium salts, whether 
simple or double, is entirely in accordance with the relations of the 
difference between the atomic refractions of the alkali metals them- 
selves. If the author’s values, as derived from the sulphates and 
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double sulphates, are taken, the differences between the refraction 
equivalents of potassium and rubidium and cesium and rubidium 
respectively are 2°7 and 4°8. If Gladstone’s values are taken, the 
differences are 4°3 and 7:0 respectively. In either case the ratio is 
of the same order as in the salts. 

The optic axial angle phenomena of both simple and double sul- 
phates were shown to be precisely in accordance with the require- 
ments of the rule regarding the progressive change in the velocity 
ratios or the relationships of the axes of the optical ellipsoid. With 
regard to the double sulphates, in every group except that containing 
magnesium, where extraordinary relationships of those ratios are 
exhibited in the case of cesium magnesium sulphate, the optic 
axial angle of any rubidium salt is intermediate between that of 
the potassium and that of the cesium salt of the same group. In 
the case of the magnesium group the remarkable crossed axial plane 
dispersion of the optic axes of the cesium salt, and the great sensi- 
tiveness of the optic axial angle to change of temperature, were 
shown to be the direct effect of the operation of the rule of con- 
vergence of the velocity ratios towards unity, which resulted in two 
of the axial values of the optical ellipsoid actually attaining unity, 
but at any one temperature only for a particular wave-length, hence 
the crossing of the optic axial plane and the simulation for that 
particular wave-length of uniaxial optical properties. In the simple 
sulphates the result of the operation of the same rule regarding the 
convergence of the maximum and minimum axes of the optical 
ellipsoid towards equality has been shown to lead to an even more 
extreme result, namely, that unity is almost attained at the ordinary 
temperature in the case of the rubidium salt, and actually so on 
slightly raising the temperature, causing the optic axial angle of that 
salt to be likewise extremely sensitive to change of wave-length and 
of temperature, aud to exhibit the phenomenon of crossed axial plane 
dispersion at temperatures slightly elevated above the ordinary ; 
further, that in cesium sulphate those axial values are again separ- 
ated, but in the contrary direction, as would be expected after the 
meeting if the change were continuous; and hence this salt exhibits 
negative double refraction, and the plane of the optic axes is perpen- 
dicular to that in the potassium salt. The whole of these complicated 
and very beautiful, as well as unusual, phenomena are thus imme- 
diately explained on the assumption of progressive changes corre- 
sponding to the progressive change in the atomic weight of the alkali 
metal. 

It has now been conclusively shown that the whole of the morpholo- 
‘gical and physical characters of the crystals of the vhombic normal 
sulphates of potassinm, rubidium, and cesium, and of any group of the 
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monoclinic double sulphates of the series ReaM(SO,)2,6H.O, in which 
those simple salts of the three alkali metals are combined with the sulphate 
of either magnesium, zinc, iron, manganese, nickel, cobalt, copper, or 
cadmium, whilst conforming to the same symmetry and exhibiting the 
general similarities proper to isomorphous series, present well-defined 
differences which are functions of the atomic weight of the alkali metal 
which those salts contain, and usually functions which involve higher 
powers of the atomic weight than the first. 

The completion of the work on the potassium, rubidium, and 
cesium salts of sulphuric acid, therefore, establishes beyond doubt, as 
regards these three definitely related metals and this particular aci¢, 
that The characters of the crystals of isomorphous series of salts ave 
functions of the atomic weight, that is to say of the energy of which 
atomic weight is the expression, of the interchangeable dominant elements 
belonging to the same family group of the periodic system which give rise 
to the series. There is strong presumptive evidence that this will 
eventually prove to be a general law of Nature. The investigation 
of the analogous selenates and double selenates which the author is 
now undertaking, will afford a substantial addition to the information 
already accumulated. 


XXXVI.—The bearing of the Results of the Investigations 


of the Simple and Double Sulphates containing 
Potassium, Rubidium, and Cesium on the Nature 
of the Structural Unit. 

By Aurrep E. Turron, Assoc. R.C.S. 


THe ultimate structure of organised solid matter, to which we assign 
the term crystalline, is undoubtedly one of homogeneity, and to the 
variations in the type of homogeneity are due the variations in crys- 
talline form which such solid matter presents. The truth of this 
important statement can no longer be seriously disputed, in view of the 
comparatively complete state to which our knowledge regarding the 
possible homogeneous partitioning of space has now been brought by 
the labours of Barlow, following upon those of Sohncke, Schénflies, 
and Federow, and the fact that the possible types of homogeneous 
structures correspond precisely with the observed varieties of crystal- 
line symmetry. In its most recent form, as stated to the Minera- 
logical Society on November 19, 1895, Barlow’s definition of a homo- 
geneous structure is substantially as follows. A homogeneous 
structure is one to every point in which there correspond other pre- 
cisely similar points which are uniformly distributed in space, and 
round every point in such a system the arrangement of the remainder 


508 TUTTON: SULPHATES CONTAINING POTASSIUM, ETC., 


is the same as round every other; the whole rigid structure may 
consist of an arrangement of material of any nature, the only condi- 
tions being that it shall be constant in form and uniformly repeated 
throughout its whole extent. Barlow especially insisted in his latest 
communication referred to that, if the structure is divided into space 
units, it is not necessary that such space units which compose the 
homogeneous structure should individually have the symmetry of the 
homogeneous structure itself; it is only necessary that any point. 
taken upon, within, or about it should be represented by precisely 
similar corresponding points upon every other unit of material which 
makes up the homogeneous structure. 

The question next arises: What is this unit of material or space 
unit? Is it the chemical molecule of the substance which by its 
uniform repetition builds up the crystal of the particular chemical 
compound, and some point upon, within, or about which may be con- 
sidered as a Sohnckian point as now defined by Barlow, or is it a 
unit of greater complexity than the chemical molecule? The evi- 
dence at the present time available regarding the nature of the 
crystal element will first be briefly reviewed, and afterwards rein- 
forced by the teaching of the investigation of the simple sulphates of 
potassium, rubidium, and cesium, and of the double sulphates of the 
series R,M(SO,).,6H,O, in which R is represented by the same three 
metals of the alkalies. 

The main evidence, which is usually regarded as favouring the 
assumption that the molecular condition of a substance in the solid 
state is more complex than in the liquid and gaseous states, is that: 
afforded by polymorphism. It is assumed that the fact that many 
substances are capable of existing in different types of homogeneous. 
structures, differing greatly in symmetry, is due to the different 
nature of the units of which these structures are composed, that is, 
to different states of polymerisation of the chemical molecule. The 
thermal changes which invariably accompany the conversion of any 
one such form into any other favours this view, inasmuch as it 
closely resembles the display of thermal activity which accompanies 
purely chemical changes. Moreover, whenever rise of temperature 
occurs on the conversion of one modification into another, the rela- 
tive density is found to increase, as, for instance, when the best 
known monoclinic form of sulphur changes into the more stable and 
denser rhombic form. One of the most striking and instructive 
cases is that of ammonium nitrate described by Lehmann. This salt. 
melts at about 168°, and when the liquid is allowed to cool crystals 
belonging tu the cubic system, and therefore isotropic, commence to 
separate; when the temperature has fallen to 127°, doubly refracting 
rhombohedral crystals form, and at 87° rhombic crystals develop, 
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and are deposited in regular order about the rhombohedra. Hence 
it would appear that these different forms of ammonium nitrate are 
due to a difference in the state of aggregation, probably a difference 
in the molecular complexity of the crystal element. In all prob- 
ability the liquid consists of chemical molecules corresponding to the 
simple empirical formula, the first solid form may also consist of 
molecules of like simplicity whose freedom of rolling motion is now 
arrested, or it may consist of double molecules, and each further form .- 
may be due to the addition of a further simple chemical molecule to 
the structural unit. Anyhow, each successive crystalline form pro- 
duced during the cooling of the liquid is denser than the previous 
one. In the case of sulphur, it is the form of least symmetry, the 
monoclinic, which is first produced on cooling of the liquefied sub- 
stance, the higher rhombic being the denser and more stable form 
into which the monoclinic crystals become eventually transformed 
with loss of heat. So that it is not the general rule that the higher 
type of symmetry is first assamed on cooling from a state of lique- 
faction, and consequently the degree of symmetry of a homogeneous 
crystal structure does not depend entirely on the simplicity of struc- 
ture of the crystal element if the above explanation is correct. 

In explanation of these facts concerning polymorphism or physical 
isomerism, two alternative assumptions are open to us. The first is 
that each different form corresponds to a crystal element containing a 
specific number of chemical molecules, or, possibly, if two or more 
of the forms belong to the same system of symmetry, as is frequently 
the case, to a different arrangement of the chemical molecules within 
the crystal element. The second is that the same simple molecular 
state exists throughout, the crystal element consisting of the 
chemical molecule, and that the different types of homogeneous 
structures owe their origin to contiguous molecules being separated 
at different distances, with all the attendant consequences as 
regards the forces, attributable either to the various atoms composing 
the molecule or to the molecule as a whole, which determine the 
nature of the symmetry of the homogeneous structure. It is quite 
conceivable that a rigid structure should be produced at a tempera- 
ture but slightly below the melting point, and stable for this tem- 
perature, which would prove unstable and tend to collapse at a lower 
temperature, naturally with evolution of heat. The first assumption, 
however, appears to be supported by the preponderating weight of 
evidence, and is quite in accordance with the facts concerning 
numerous well investigated cases of—so-called—physical isomerism 
among the carbon compounds. An admirable réswmeé of the large 
amount of data now available is given by Arzruni in his Physikalische 
Chemie der Krystalle. 
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The acceptance of isomerism, whether it be called chemicai or 
physical, of a erystal element comprised of different numbers of 
simple chemical molecules for the various polymorphic forms of sub- 
stances which exhibit such, does not, however, necessarily involve 
the assumption that the crystal element of any and every substance 
is invariably composed of more than one chemical molecule. It is 
true that the most stable form of several polymorphic substances is 
the one to which the greatest molecular complexity would naturally 
be assigned, such, for instance, as the rhombic forms of sulphur and 
ammonium nitrate. Yet it is still possible that in all cases where no 
polymorphism has been observed, the crystal element may be the 
chemical molecule itself. Particularly is this likely to be the case 
with complicated molecules consisting of a large number of atoms. 
Hence each case must be investigated on its merits. Even if the 
numbers of chemical molecules comprising the crystal elements of 
the various forms of certain polymorphic substances were established 
with certainty, and it were proved that the stable varieties consisted 
of crystal elements built up of several chemical molecules, it would 
not follow that other substances should be built up of crystal ele- 
ments of similar complexity, although there would be some ground 
for assuming this, in a more or less modified form. Moreover, the 
considerable display of thermal activity manifested during the poly- 
merisation of the simple chemical molecules to form polymorphic 
varieties indicates that these varieties are more in the nature of 
different chemical substances, just as oxygen and ozone are ordinarily 
considered to be, than mere physically different varieties of the same 
substance, and that the whole structural molecule of each is in 
reality a complex chemical molecule. The constitution of these 
structural molecules of the various varieties could probably be imme- 
diately deduced from their thermal relationships provided the number 
of simple chemical molecules present in any one variety were ascer- 
tained with certainty. The question of the constitution of the 
crystal element of any substance, or of any variety of a polymorphic 
substance, will therefore have to be approached from other stand- 
points, and the most certain way of accumulating relevant evidence 
regarding it is by carrying out detailed investigations of the morpho- 
logical and physical relationships of the crystals of the definitely 
related members of isomorphous series, in order that first the par- 
ticular type of homogeneous structure common to the series may be 
discovered, and that subsequently the forces requisite to produce 
such an arrangement, and the orientated modifications which are 
observed as the consequence of the specific replacement of one atom 
for another in the chemical molecule, may lead to definite knowledge 
regarding the nature of the crystal element itself. Most weighty 
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evidence, which must also be taken into account, are the now fully 
ascertained conditions of homogeneous symmetry as laid down by 
Barlow, the data regarding the range of molecular forces, and the 
bearing of the now rapidly developing theory due to van’t Hoff 
which regards isomorphous mixtures as solid solutions. 

It will be convenient to consider the evidence from the three latter 
sources before discussing the results of the investigations of the 
simple and double sulphates containing potassium, rubidium, and 
cesium. Barlow’s conditions of homogeneous symmetry have already 
been referred to; it is only necessary to bear particularly in mind 
that these conditions do not require that the space unit shall be 
endowed with the same symmetry as the structure itself. 

In a lecture to the Society (Trans., 1888, 53, 222), Prof. Riicker 
presented a complete summary of then available trustworthy data, 
inciuding that contributed by himself and Reinold, concerning the 
range of molecular forces. The most interesting conclusions from 
the point of view of the subject under discussion are as follows: The 
smallest appreciable thickness of a silver film, as estimated by 
Wiener, is 0°2 of a millionth of a millimetre; the mean distance 
between the centres of nearest liquid molecules is 0°07—0°02 of a 
millionth of a millimetre, and the inferior limit to the diameter of a 
gaseous molecule is 002 of a millionth of a millimetre, the two last 
estimates being due to Lord Kelvin. Now, it is quite evident, 
assuming the size of a solid molecule, or, at any rate, the distances 
apart from centre to centre of solid molecules, to be not very materi- 
ally different to the estimate given for liquid molecules, an assump- 
tion undoubtedly warranted by the usual relatively slight difference 
in volume on passing from the liquid to the solid condition, that the 
thinnest attainable film of silver cannot possibly contain more than 
ten silver molecules in its thickness, and probably not more than five 
or six. Hence if the solid structural unit of silver is even composed 
of simple chemical molecules consisting of two atoms each, there 
cannot be more than this quantity of such units present in the thick- 
ness in question, and if it should happen that in this thickness there 
is only one structural unit, which is scarcely likely, then the 
structural unit of silver cannot possibly contain more than ten, and 
probably not more than five or six, chemical molecules, and there 
would be less still if more than one structural unit is present in the 
film. The problem is thus restricted within these limits. 

Brillouin (Ann. Chim. Phys., 1895, 540) discusses the limits of the 
domain of molecular action in connectiou with the superficial tensions 
of crystalline forms. He shows first that the existence of crystalline 
faces is dependent on the fact that the domain of molecular action ex- 
tends to more than one molecular distance, and deduces from the law of 
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rational indices of the principal crystalline faces the ccnclusion that the 
limits of the domain extend to only a small number of molecular 
distances, probably not more than four or five. He then shows that 
in crystals the domain of repulsion of a molecule is very small, that 
the limiting surface of the zone of repulsion is a neutral zone, and 
that beyond this attraction is apparent for a few molecular distances, 
He further shows that orientation of the molecular forces is pro- 
duced owing to the fact that the atomic magnitudes are sensible 
fractions ot the molecular distances, and the distribution of the 
atoms in the molecule consequently exercises considerable influence. 
He finally concludes that the molecule exercises no appreciable 
action beyond eight or ten molecular distances, but that the action is 
sensible up to four or five such distances, and further, that the faces 
exert appreciable superficial tensions, which vary from the cause 
stated in different directions in the crystal. 

The conclusions to be derived from existing data as to the range of 
molecular forces are thus of considerable importance, whether they 
are taken as applying to the chemical molecnles, or, if these are 
not identical with the crystal elements, to the structural units com- 
posed of two or more chemical molecules. The main point which 
they indicate is that the crystal element, if not identical with the 
chemical molecule, is not likely to contain more than four or five 
chemical molecules, and most probably less. 

The bearing of recent applications of the theory of van’t Hoff, 
which regards crystallised mixtures of isomorphous salts as solid 
solutions of one in the other, must now be referred to. The applica- 
tion of the theory to the determination of the nature of the crystal 
element is fully discussed in two recent communications by Fock 
(Ber., 1895, 28, 2734, and Zeits. fiir. Kryst., 1895, 25, 566). If 
¢, and ¢, represents the degrees of concentration of two isomorphous 
salts in the same liquid solution, or, in other words, the number of 
molecules in unit volume, and «, and a, the corresponding degrees of 
concentration, or the molecular percentages, in the separated mixed 
crystals, then the theory requires that ¢,/a, and c,/#, shall be constant, 
provided the molecular complexity is the same in both the solid and 
liquid conditions. If the molecule in the solid state is n times as 
large as in the liquid state, then -_ and “— shall be constant. The 

Say V X2 
dissociation of the salts in the aqueous solution, however, proves to 
be a disturbing factor, rendering the method more difficult in appli- 
cation than is at first apparent ; but this can be largely eliminated by 
choice of salts in which the solubility is very nearly the same. The 
mixed crystals formed by one pair of such salts, monopotassium 
phosphate, KH,AsO,, and the corresponding arsenate, KH,As0,, 
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have been investigated by Muthmann, and the results have been 
recalculated by Fock from this point of view. The interesting 
result is disclosed that for both salts c/a exhibits but relatively 
slight deviation from constancy, whilst c/./z varies much more con- 
siderably. Hence Fock concludes that the crystal element in the case 
of these two salts is the chemical molecule. A similar calculation for 
potassium permanganate and perchlorate, likewise investigated as 
regards their mixed crystals by Fock, leads to the conclusion that 
their crystal elements are composed of two chemical molecules, 
assuming the latter to be represented by the formule KMnQ, and 
KCIO,, or one chemical molecule if the view adopted by many 
chemists is correct, that the constitutions are K,Mn,0, and K,Cl,0,. 
In the case of these two salts, however, the results are not quite so 
convincing, as their solubilities are very different, and dissociation 
consequently enters largely into the problem. 

The normal sulphates of potassium, rubidium, and cesium are 
very unsuitable for an investigation of this kind, on account of their 
very great difference of solubility. Whilst potassium sulphate is one 
of the least soluble of salts, caesiam sulphate is extremely soluble, 
requiring very little more than half its volume of water, and the 
rubidium salt is intermediate in solubility. 

In his second communication, that to the Zeits. fiir Kryst., Fock 
proceeds to show that the above results indicate that in general the 
symmetry of the crystal element is of a lower order than that of 
the crystal. If the molecules KH,PO, and KH,AsQ, are the crystal 
elements, no distribution in space of the various atoms in these 
crystal elements can possibly be endowed with the high symmetry of 
the tetragonal system which the erystals present. It might be 
possible, however, with some slight straining of current ideas of 
atomic linking, to arrange the constituents of the crystal elements, 
K,Mn,0, and K,Cl,O,, in such a mauner as to agree with rhombic 
symmetry. The results derived from the theory of solid solutions 
would thus appear to be in harmony with the conclusion of Barlow, 
that the structural unit is not in general endowed with the same 
high degree of symmetry as the structure itself. 

Lengthy reference was made in the communication concerning the 
normal sulphates of potassium, rubidium, and cesium (loc. cit., p. 657), 
to the important memoir which had a short time previously been 
published in the Zeits. fiir Kryst. (22, 497), by |Muthmann, con- 
cerning the morphological characters of the phosphates and arsenates 
of potassium and ammonium, and the permanganates of potassium, 
rubidium, cesium, andammonium. From the changes which occurred 
in the distance ratios (topic axes) ulong the three axial directions 
when one chemical constituent was replaced by another of the 
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same family group, Muthmann concluded that, provided the crystal 
element were endowed with like symmetry to the crystal itself, the 
crystal elements of the isomorphous series of mono-phosphates and 
arsenates must each consist of eight chemical molecules, and those 
of the alkali permanganates of four chemical molecules. It was | 
pointed ont in the memoir on the alkali sulphates, that if Muth- 
mann’s assumption were correct, the nature of the changes in the 
distance ratios indicated that a similar conclusion, that the crystal 
element consists of four chemical molecules, must be drawn regarding 
the sulphates of potassium, rubidium, and cesium as was deduced 
from similar changes in the distance ratios of the permanganates 
of those metals. The whole argument, however, depends on the 
assumption of a crystal element itself exhibiting the symmetry of 
the whole structure. It was pointed out that it was difficult to under- 
stand why localised change should oceur unless the metallic atoms 
were arranged in closest proximity to the axial directions which 
exhibited most change on replacing one metal by another. No defi- 
nite conclusion was, however, ventured on, as the author preferred to 
await the results of the investigation of the double sulphates. 

One point was clearly demonstrated in that memoir, and that was 
that the type of homogeneous structure prevalent in the simple alkali 
sulphates was that of the rectangular rhombic prism, the evidence 
upon which this was based being the cleavage directions, the positions 
of the planes in which the similar points were most densely packed, 
and the nature of the forms most largely developed upon the crystals, 
all of which considerations pointed to the same conclusion. 

The nature of the evidence afforded by the investigation of the 
monoclinic double sulphates will now be discussed. It has caused 
the author to conceive a totally different idea as to the nature of the 
crystal element and crystallisation in general to that which a study 
of the simple sulphates alone would have led, and one which is dis- 
tinguished by its simplicity, and which is in complete harmony with 
Barlow’s geometrical conception of a homogeneous structure, with 
the known facts concerning the range of molecular forces, and with 
Fock’s deductions from the theory of solid solutions. 

There is a largely preponderating weight of evidence that the point 
system of the series of monoclinic double sulphates crystallising with 
six molecules of water is that of the monoclinic primary prism, and 
not the pinacoidal monoclinic prism corresponding to the pinacoidal 
rhombic prism which was clearly shown, with no reasonable room for 
doubt, to be the type of homogeneous structare prevailing in the 
case of the simple sulphates of potassium, rubidium, and cesium. 
The evidence upon which this assumption is based is of a kindred 
kind to that advanced in support of the conclusion concerning the 
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latier salts. The two pinacoids are rarely developed upon the crys- 
tals of any of the double sulphates of the series to any important 
extent, and in by far the majority of well-developed crystals are 
either absent altogether or exist as mere lines. The faces of the pri- 
mary prism, on the other hand, are always largely developed, and in 
a vastly prepouderating number of cases they are the predominating 
faces, and frequently the only prismatic (including pinacoidal) form 
developed. Of the terminal forms, undoubtedly the basal plane 
exhibits predominance, and is more likely to be the terminal plane 
of the structure than the orthodome r'{201}, for in very numerous 
cases the latter has been absent altogether. In the case of many of 
the salts, particularly those in which the alkali metal is potassium, 
a very large proportion of crystals were actually found which on first 
inspection appeared to exhibit no other faces than those of the pri- 
mary prism and basal plane; examination with a lens usually 
revealed minute faces of the clinodome {011}, and possibly of the 
orthodome 7'{201}, but in a notable number of instances failed to 
reveal traces of any such minute faces. It is true, however, that 
in a few cases, rubidium cadmium sulphate in particular, a prepon- 
derating development of the orthodome r'{201} was observed, but 
these were exceptional. Hence the evidence of the relative develop- 
ment of the various forms indicates that the type of structure is 
that of the primary prism {110} and the basal plane {001}. 

The evidence of the cleavage is not so weighty in the monoclinic 
system as in the rhombic, for there is no restriction to its direction 
other than that it is either identical with or symmetrical to the 
plane of symmetry, and if at right angles to the latter there is no 
restriction as regards its azimuth. It has been shown that the 
cleavage is perpendicular to the symmetry plane, and that throughout 
the series it is parallel to the orthodome r’{201}. This might be 
taken as evidence in favour of the latter form supplying the terminal 
planes of points, but against this is the more weighty fact that 
the area of such a terminal plane would be much greater than if it 
were the basal plane {001}, for considerations regarding the capil- 
larity constants prove that faces are much more readily formed along 
those planes in which the similar points are most densely packed, and 
therefore in which the area of the parallelogram formed by four adja- 
cent points is least. Assuming the primary prism to form the sides 
of the parallelogram, the relative area of a terminal plane parallel to 
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the basal plane would be a x 5. Taking rubidium zine sulphate as 


an exampie, where a:b:¢ = 0°7373 : 1 : 0°5011, we have 0°7373 x 4 
= 0°'3686 as the area in question. If the form {201} furnished the 
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triangle of which the two other sides are 2c and a, and the angle 
between them the axial angle 8. Calculation for the same salt, for 
which 8 = 74° 7’, gives for x the relative length 15988. Hence the 
area required is one-half this number, 0°7994, a much larger value 
than that corresponding to the basal plane. 

The evidence of the cleavage is chiefly important here in indicating 
that the type of structure is not that of the pinacoidal prism, for if it 
were, a cleavage parallel to the symmetry plane would be expected, 
whereas the cleavage is perpendicular to the symmetry plane, and in 
a direction not that of the orthopinacoid. If the termination were 
r'{201} the type would be that of an unusually steeply inclined 
monoclinic prism, whereas a termination parallel {001} is very much 
less so, and far more probable. Of course it is quite possible that 
{301} should form the termination in spite of this, but even if so 
the type would be the same, only much more oblique. 

Moreover, the point system would be precisely the same, for 7’ is a 
face with simple indices. and therefore the type of structure would 
provide a plane of points corresponding to it, just as it does with 
regard to the basal plane. 

The area test may also be applied to assist in deciding the question 
as to whether the pinacoid or the primary prism furnishes the sides 
of the structure. According to the relations of the lengths of the axes 
a, b, and c, one of the pinacoids or the primary prism will possess the 
least area, and the points in the plane containing it will be densest, 
and therefore most probably the principal point-plane of the series. 
‘The area of the clinopinacoid in the case of the typical salt chosen, 
rubidium zinc sulphate, is ac sin 8 = 0°7373 x 0°5011 x sin 74° 7’ 
= 0°3554. The area of the orthopinacoid is be = 0°5011. ‘The area 
of the primary prism isc x (5) + (5) x sin 6, where @ is the 
angle between the edges pp and cp, and is the angle at p in the tri- 
angle acp of the spherical projection (p. 343 of the memoir concern- 
ing the morphology), and is found by calculation to be 80° 39'; using 
this value of , the area in question works out to be 0°3071. Hence 
the plane formed by parallelograms of least area is that corresponding 
to the primary prism. In the case of the monoclinic double sulphates, 
it is thus seen that all the various considerations of use for indicating 
the nature of the homogeneous structure agree in pointing to the type 
corresponding to the primary prism p{110} terminated by the basal 
plane c{001}. The axes a and b are thus parallel to the diagonals of 
the basal plane termination of the prism. The particular type thus 
indicated corresponds to type 64a of Barlow. 

It was shown in the case of the simple sulphates that the type was 
that of the rectangular (pinacoidal) rhombic prism terminated by the 
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basal plane, the three axes being thns parallel to the various edges of 
the prism. The author takes this opportunity of correcting an error 
which was inadvertently made in calculating the area of the primary 
prism of those salts (p. 661 of the memoir concerning the simple 


sulphates). Instead of ./ a + b x c¢, it should have been 


a? /b\2 

(5) + (5) x ¢. 
Of course the line (trace of the primary prism) joining the ends of the 
axes a and b, and forming the hypotenuse of the triangle of which the 
semi-axes are the side and base, can never be greater than both these 
axes; the problem is to find which is least, one of the axes, the trace 
of a pinacoid, or the trace of the primary prism. The result is 0°58, 
intermediate between the brachypinacoid 0°42 and the macropinacoid 
0:74. The least area is therefore possessed by one of the pinacoids, 
and so the rectangular type of structure is probably correct. The 
error, due to calculating for the diagonal of the rectangular base 
instead of for the parallel line of half the length joining the ends 
of the axes, does not affect the conclusion arrived at in the slightest, 
but it is desirable to correct it. It is most interesting to observe 
that in the zone of the macropinacoid (plane of greatest area) and 
the basal plane no intermediate faces were ever observed developed, 
confirming the validity of the rale that planes of least area are 
those parailel to which faces are formed with the greatest facility, and 
vice versa. 

It should be quite clearly understood that these conclusions regard- 
ing the point systems of the two series of salts imply absolutely 
nothing as regards the shape or nature of the crystal elements. 
The points only represent the centres of contiguous molecules. 

Having thus decided that the results of the two investigations 
indicate that the types of homogeneous structure prevailing in the two 
series are those above specified, we now proceed to enquire what 
further information is to be gained from the investigations relating 
to the nature of the space units of which these homogeneous struc- 
tures are composed. The double sulphates will be considered first, as 
the information their investigation has afforded has thrown new 
light on the constitution of the simple sulphates. 

The distance ratios of the double sulphates were found to in- 
crease along each axial direction when potassium was replaced by 
rubidium and the latter in turn by cesium, and most considerably 
along the direction of the symmetry axis ), the extensions along the 
a@and c axes being usually nearly the same, the former being only 
slightly the greater. In the case of the three copper salts, the 
peculiar nature of the atom of copper is manifested in an augmenta- 
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tion of the expansion along the inclined axis a at the expense of that 
along the vertical] axis c. Now no hemihedrism has been observed, 
the crystals all exhibiting the characters of the prismatic (mono- 
elinic-holohedral) class of the monoclinic system, according to the 
Sohnckian classification adopted by Groth in the new edition of his 
Physikalische Krystallographie. Further, the minimum number of 
atoms of the alkali metal possibly present in the crystal unit is two, 
corresponding to one formula molecule, R,M(SO,)2,6H,O. Hence, it 
must be concluded that the large extension normal to the symmetry 
plane observed when one alkali metal is replaced by another of 
greater atomic weight, is due to the fact that the two atoms of the 
alkali metal are, if in a state of rest, symmetrically arranged with 
regard to the symmetry plane, or if in a state of restricted motion, 
the spaces within which the motions are confined are symmetrical to 
the symmetry plane, that is, their positions of rest or centres of 
motion must be arranged along the normal to the plane of sym- 
metry. 

The complexity of the formula molecule is already so great, con- 
sisting as it does of no less than eight simple chemical molecules, 
one molecule of the alkaline sulphate, one of the M sulphate, and 
six molecules of water, that, having regard to the established range 
of molecular forces, if it is necessary to assume the existence of a 
single crystal element, then this must be represented by not more 
than one formula molecule. It cannot be conceded that the molecular 
complexity is greater than this, whether the union of the parts be 
considered chemical or physical. 

We next enquire: Is it necessary to assume the existence of a 
crystal element embodying the whole formula, or even consisting of 
two constituents, the anhydrous double salt molecule and the 6H,0, 
in accordance with the suggestion made long ago by Sohncke—in fact, 
is it necessary to assume the existence at all of a structural unit of 
any different constitution to the simple chemical molecules them- 
selves? The comparison of the results of the investigations of the 
simple and double sulphates instituted in the preceding communica- 
tion affords weighty evidence to the contrary. It was shown that 
the alkali sulphates occupy in the double sulphates substantially the 
same volume as they do in the simple salts themselves, whilst, on the 
other hand, when the various chemical atoms combine to produce the 
chemical molecule of the alkaline sulphate, a relatively enormous 
contraction of volume occurs, so much so that the volume of the 
resulting compound is actually less than the original volume of the 
atoms of the alkali metal alone, and it cannot be assumed that the 
negative radicle occupies no volume ‘at all (or less than none, which 
is absurd). Hence a chemical union of the 2 mols. of the simple 
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salts is altogether out of the question, for such a union would be 
accompanied by a change of volume, similar in kind though perhaps 
less in extent to that whicl accompanies the formation of a simple 
salt from its constituent elements, and such change of volume is not 
observed. Any other union must be of a very loose nature indeed. 
Moreover, the double salt is only known in the crystallised condition. 

Hence the author is impelled to the only reasonable conclusion 
that in the production of the crystals of the double salts of this series, 
and hence, probably, of isomorphous series in general, no other 
structural units are concerned than the chemical molecules of the 
simple constituent chemical compounds, the alkali sulphate, the M 
sulphate, and water, and that the fact of their invariable occurrence 
in the observed molecular proportions is entirely a condition of the 
type of homogeneous structure in which they find equilibrium. This 
type has been shown to be, in all probability, that of the primary 
monoclinic prism with rhombic base, most likely type 64a of Barlow. 
The existence of chemical molecules, and the generalisation of 
Barlow concerning the homogeneous partitioning of space, is thus all 
that is necessary in order to account for crystal structure, and for the 
constancy of molecular proportions in double salts and salts crystal- 
lising with water, the assumption of the formation of molecular 
compounds or complex crystal elements being entirely superfluons. 

This conclusion, based upon the volume relationships, offers an 
explanation of the fact observed by Lehmann, that orientated forces 
are not essential to the production of crystal structure, that the 
pedetic or ‘‘ Brownian” motion of small particles is ample to account 
for their eventually arranging themselves in the most convenient 
manner, that is, in a manner resulting in equilibrium. Indeed, 
anything, such as capillarity or convection current disturbances, 
that assists the chemical molecules to take up more readily this con- 
dition of equilibrium, corresponding to the production of a homo- 
geneous structure, will assist crystallisation. An excellent example 
is the disturbance of a supersaturated solution, which usually causes 
instantaneous crystallisation. 

With regard to the question as to how the constituent chemical 
molecules are arranged with respect to each other in the structare, 
it has been shown from the consideration of the variations in the 
distance ratios that the two atoms of the alkali metal of each mole- 
cule of the alkali sulphate must be symmetrically arranged with 
respect to the symmetry plane. Also, the fact of the predominance of 
the alkali metal in determining the character of the crystals indicates 
that the one atom of the M metal occupies a more central, and there- 
fore Jess effective, position than the two atoms of the alkali metal. 
The water molecules may be distributed in any positions about the 
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molecules of the two simple sulphates, consistent with the many pos- 
sibilities conformable to type 64a, which latter is also fully competent 
to account for an arrangement of the simple sulphates in accordance 
with the two requirements just laid down in conformity with the 
observed facts. Before proceeding further in this direction, however, 
it will be advisable to await the further information which the 
investigation of the selenates cannot fail to afford. 

Returning now to the simple alkaline sulphates; in the light of the 
important conclusions drawn from the investigation of the double 
sulphates, it is no longer necessary to assume that the crystal element 
is anything more complicated than the chemical molecule R,SO,. It 
so happens that in this particular case the molecule can possibly be 
regarded as endowed with the same rhombic symmetry as the 


crystal, for the formula can he represented thus, R-O-§-0-R. But 

O 
this is only an accident of the constitution of the particular chemical 
molecule. Such a simple crystal element would be quite capable of 
accounting for the observed facts of the variations in the distance 
ratios. Two directions exhibited large change, and one pre-eminently. 
This latter would undoubtedly correspond to the direction of the line 
joining the two R atoms, and the other direction of slightly less 
change, in all probability that perpendicular to this line, and not 
passing through the doubly-linked (whatever that may mean) oxygen 
atoms, the effect in the third direction being much lessened by the 
latter. Whatever may be the actual relative positions of the atoms in 
space, and whether they are in motion or at rest, the variations of the 
distance ratios can be readily accounted for by the constitution of the 
molecule and the well ascertained predominating influence which the 
alkali metal exerts. 

It is instructive to note that the system of the simple sulphates is 
of higher symmetry than that of the double sulphates, indicating 
that, in general, the more heterogeneous the composition of a crystal- 
lised substance the lower is its type of symmetry. 

It will be evident, however, that if the crystal element is the 
chemical molecule, the symmetry of the crystal element need not, 
and in general will not, possess the same degree of symmetry as the 
crystal. lis symmetry may be greater than, equal to, or less 
than that of the crystal, and will, of course, depend on the specific 
nature and constitution of the particular chemical compound con- 
cerned. This conclusion is in complete harmony with that of Barlow 
derived from the geometrical conception of the homogeneous par- 
titioning of space, and that of Fock deduced from the application of 
van’t Hoff’s theory of solid solutions. 
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The simple conclusion that the formation of double salts of con- 
stant composition, and of simple or double salts crystallising with 
definite amounts of the solvent, in this case water, is entirely due to 
their finding a condition of equilibrium in a particular type of homo- 
geneous structure, has the inestimable advantage of dispensing with 
all necessity for the assumption of “ linking’’ between the mole- 
cular parts, an assumption which frequently necessitates considerable 
outrages on the ascertained facts regarding valency. 

The assumption that it is the type of structure which determines 
the molecular composition, and, consequently, in the case of salts 
containing water of crystallisation, the number of such molecules, 
there being no linking between the molecular parts, will fully account 
for the looseness with which the water is frequently held. It has been 
shown that the stability is at a minimum in the case of the double 
sulphates in question, when the atomic weight of the alkali metal in 
the alkaline sulphate is low (and correspondingly, also, the volume of 
the latter) and the volume of the M sulphate high. The last condi- 
tion is most extreme in the case of the cadmium salts, with regard to 
which it was observed that the cesium cadminm salt exhibited con- 
siderable facility of efflorescence, rubidium cadmium sulphate much 
greater instability, complete efflorescence occurring in a few minutes 
after removal from the mother liquor, whilst potassium cadmium 
sulphate, where the alkali metal is lightest, refuses to crystallise with 
more than 2 mols. of water, and the crystals consequently exhibit 
another type of homogeneous structure altogether. Similarly, potas- 
sium manganous sulphate refuses to crystallise with more than 4 mols. 
of water, and the crystals again exhibit another type of structure, 
manganous sulphate having also exceptionally large volume, although 
not so extreme as in the case of cadmium sulphate. On the other 
hand, the nickel salts exhibit abnormally small volume, doubtless due 
to the small volume of nickel sulphate, and potassium nickel sulphate 
is consequently distinguished as one of the most beautiful salts of the 
series, perfectly transparent permanent crystals being obtained with 
the greatest facility. 

The conclusion that the crystal element of the simple alkaline 
sulphates is identical with the chemical molecule is quite in conformity 
with the fact that the molecular refraction, as determined in solution 
in water by Gladstone, is identical with the mean of the three values 
of the molecular refraction afforded by the crystal as determined by 
the anthor. It is, therefore, evident that the mean refraction is due 
to the chemical molecule, and that the differentiation in the direc- 
tions of the axes of the optical ellipsoid is due to the homogeneous 
structure. Thus there is no intermediate state, no aggregation of a 
certain number of chemical molecules to form a crystal element to 
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account for. Moreover, the alkali sulphate in the crystals of the 
double sulphate was proved to exhibit there precisely the same 
molecular refraction as it exhibits in the erystals of the simple 
sulphate itself, which, to say the least, is quite compatible with the 
assumption that the same molecular state exists in both. 

There remains one interesting optical property to account for, 
namely, the rotation of the optical ellipsoid of the double sulphates 
round the symmetry axis as the atomic weight of the alkali metal is 
changed. In a memoir read at the Ipswich meeting of the British 
Association in 1895, Barlow accounted for the observed relationships 
between the morphological and optical symmetry of crystals. From 
the known influence of the presence of molecular matter on the 
velocity of light, and the directional optical properties of crystals, it 
was concluded that ether movements which take place in different 
directions in the same crystal] experience different degrees of resist- 
ance and retardation, so that a state of things prevails roughly 
comparable to what would happen if a space occupied by a crowd of 
people were studded with posts arranged on parallel lines and evenly 
distribnted ; the movements of the crowd as it surged to and fro 
would be less impeded in some directions than in others, especially if 
the posts were not round, but of similar section same ways orientated. 
What are compared in each case are the collective resistances in each 
direction, and Barlow shows that if the influence of a homogeneous 
molecular structure on light depends on the arrangement of the 
molecular matter, it is an average effect, the velocity of a ray in any 
given direction depending not merely on the resistance to ether 
movement in some single direction definitely related to the direction 
of polarisation of the ray, but on that experienced in all other inclined 
directions in addition, within some wide limits of angular inclination. 
Eventually he deduces the fact that the velocity figure must be an 
ellipsoid, the smoothing out, or averaging of, the corrugated surface 
whose radii would express the relative facility of ether movement in 
different directions in the crystal naturally leading to such a conclu- 
sion. The relative positions of the three axes of the ellipsoid would 
depend on the nature of the crystal structure. These directions will 
not necessarily be directions of maximum or minimum facility of 
ether movement, and, moreover, they will not be ascertainable from 
the morphological constants unless the degrees of resistance pre- 
sented in different directions are known, except in the cases of the 
more symmetrical systems where the positions of these axes are fixed 
by considerations of symmetry. 

The investigation of the monoclinic double sulphates affords most 
interesting proof that Barlow’s conception is correct. In accordance 
with the conclusion that the chemical molecules retain their inde- 
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pendence in the structure of the crystal, the type of that structure 
alone determining the molecular proportions (assuming, of course, that 
the proportions of the two salts present in the solution from which the 
crystals separate are such as are observed to be convenient for the 
production of this particular type of structure, in the case in question 
equal molecular proportions), each molecule will be able to exert 
its own effect on the optical properties. Now it has been shown all 
through the investigation that the alkali metal is of special importance 
in determining the characters of the crystals, and it was only to be 
expected, therefore, that the replacement of potassium by rubidium, 
and of the latter by cewsium in the double salts, would exert a pro- 
nounced effect in modifying the character of the optical ellipsoid. It 
has been shown that two atoms of the alkali metal must be sym- 
metrically arranged with respect to the symmetry plane, and that the 
M metal is in all probability more central, being most likely situated 
in the symmetry plane; now, if the 2 mols. of the anhydrous sulphate 
remain—as we conclude they do—independent, it is most unlikely 
that the alkali sulphate molecule, and the two atoms of the alkali 
metal which it contains, can be symmetrical to the centre of the whole 
system, and, therefore, change of the alkali metal would be likely to 
deflect the direction of greatest facility of ether movement, or, in 
other words, would produce a rotation of the optical ellipsoid. That 
this is the explanation is supported by the fact that the rotation is 
much greater when cesium replaces rubidium than when the latter 
replaces potassium, for the change of volume was shown to be corre- 
spondingly much greater, and, therefore, the retardation, and conse- 
quent rotation of the path of greatest facility of light vibration, 
would be commensurably greater. 

It is of interest to note that in the potassium and rubidium salts 
the direction of one of the axes of the ellipsoid is very nearly that of 
one of the directions of greatest facility of ether vibration, namely, 
that between the lines of points (the posts of Bariow’s grapbic illus- 
tration) parallel to the inclined morphological axis a. The axis of 
the ellipsoid in question is usually deflected a few degrees on one side 
of this path between the points in the case of the potassium salt—it 
is frequently almost identical with it in the case of the rabidium salt 
—and is invariably deflected by a considerably greater number of 
degrees to the other side of the path in the case of the cesium salt; 
in all cases the position for the rubidium salt is an intermediate one, 
and nearer to that for the potassium salt. 

Moreover, in final confirmation, it has been shown in the previous 
communication that the direction of the rotation of the ellipsoid, when 
one alkali metal is replaced by another, is identical with that of the 
same inclined morphological axis, a, and consequently with that of 
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the lines of similar points parallel thereto and with the path of 
greatest facility of ether vibration between them. 

Thus it will be observed that the simple conclusion to which these 
investigations has led is capable of explaining the whole of the 
phenomena described in the preceding communications. 

The main points may be briefly summarised in the following terms, 

1. The absence of any material contraction in volume when the 
alkali sulphate enters into the double sulphate, as contrasted with the 
relatively enormous contraction which occurs when the various atoms 
combine to form the chemical molecule of the alkali sulphate, together 
with the facts that the double salt is only known in the solid crystal- 
lised condition, and that many of the individual members of the 
series are eminently unstable, render it highly improbable that there 
is chemical union between the molecular constituents of the double 
salts, and indicate that there is no necessity to assume linkage of any 
kind, but merely aggregation in accordance with such a particular 
type of homogeneous structure as ensures that they are always present 
in the same proportion. 

2. In the production of crystals it is not necessary to suppose that 
any other structural units are concerned than the chemical molecules 
of the chemical compound in question, or of the constituent chemical 
compounds in the cases of double salts or salts containing water of 
crystallisation, and the observed fact of the constancy of molecular 
proportions of the two latter is entirely accounted for by the nature 
of the type of homogeneous structure in which they find equilibrium. 

3. The pedetic or “‘ Brownian ”’ motion of small particles, capillarity, 
convection currents, or any other slightly agitating forces which 
assist the chemical molecules to take up this condition of equilibrium 
necessary for the production of a homogeneous structure, will assist 
crystallisation. The molecular forces whose domain of action has 
been shown not to extend beyond a very few molecular distances, 
need only be concerned in maintaining the general cohesion. 

4. Considering the chemical molecule as the structural unit, in 
general such unit will not be endowed with the same symmetry as 
the crystal; it may have higher, equal, or lower symmetry accord- 
ing to the specific constitution of the molecule. This is in complete 
accordance with the generalisation of Barlow concerning the homo- 
geneous partitioning of space, and the conclusion of Fock derived 
from the theory of solid solutions. 

5. These conclusions are in entire accordance with the observed 
variations of the distance ratios (topic axes) of the two series of salts, 
and with the refraction phenomena. The distance ratios represent 
the relative distances apart of the centres of contiguous structural 
units, the chemical molecules, in the case of the simple sulphates ; 


AND THE NATURE OF THE STRUCTURAL UNIT. 525 


and of contiguous groups of structural units, each such group corre- 
sponding to the molecular chemical formula, in the case of the double 
sulphates. 

6. The fact that the mean of the three values of the refraction 
along the axes of the optical el ipsoid afforded by the biaxial crystals 
of each of the simple alkaline sulphates is identical with the refrac- 
tion value of that salt as determined by Gladstone in solution, indi- 
cates that the matter in a crystal has for refraction purposes the same 
average effect as the same matter uncrystallised; so that if small 
cubes were cut at random from a crystal so as to obtain all sorts of 
orientations, and fitted together, the result would be an isotropic 
substance having the same refraction as when dissolved in water. 
This is in most perfect conformity with the supposition that the 
mean refraction of the crystal is due tu the chemical molecule, the 
orientated differentiation being due to the homogeneous structure. 

7. The more heterogeneous the constitution of a crystallised sub- 
stance the lower in general is its type of symmetry; e.g., the simple 
alkali sulphates crystallise in accordance with rhombic symmetry, 
and the double sulphates with 6 mols. of water only in accordance 
with monoclinic symmetry. 

8. The nature of the predominating crystalline faces, as being the 
planes in the homogeneous structure most closely studded with 
similar “ points,” together with the directions of cleavage, agree in 
indicating that the type of homogeneous structure of the simple 
alkali sulphates is that of the rectangular pinacoidal rhombic prism, 
and that of the double sulphates the primary monoclinic prism, 
probably type 64a of Barlow. The term elementary parallelopiped is 
discarded as being a geometrical fiction which is not required. 

9. The phenomenon of the rotation of the optical ellipsoid of the 
double sulphates, when the atomic weight of the alkali metal is 
changed, is completely accounted for by the assumption of the above 
simple constitution for the double sulphates, together with the sug- 
gestion of Barlow that the orientation of the optical ellipsoid is the 
resultant of a process of averaging of the directional retardations, 
experienced by light waves in traversing the homogeneous structure, 
due to the arrangement of the molecular matter. The greater amount 
of rotation when cesium replaces rubidium, than when rubidium 
replaces potassium, is thus the direct result of the correspondingly 
greater increase of volume, largely in a particular direction, which is 
observed. 


XXXVII.—An Auailiary Assay Balance. 
By Rosert Law. 


Tue following communication has for its object the description of a 
new form of balance, which has been designed to meet a want often 
felt by the writer when weighing the cornets obtained when pursuing 
the ordinary routine of gold bullion assay. 

When weighing these cornets (especially when the gold being 
assayed varies much in fineness), it becomes very tedious having con- 
tinually to shift the weights perhaps three or four times for each 
cornet, it has often occurred to me thata rough balance might be 
constructed to give accurately the percentage of gold present, and 
thus make it possible to place the correct weight in the pan, the 
remaining fractions being found by the rider only. s 

Let it be understood that this balance to which [ allude is an 
auxiliary balance, so to speak, and in no way affects the final read- 
ings of the ordinary assay balance, its object being merely to give the 
percentage with the previously stated advantage. 

It is obvious, therefore, that each cornet will have to be handled 
twice, placing it first on the rough balance, and then removing it to 
the ordinary assay scales. It may seem that this double shifting of 
the cornet would lead to more loss of time than weighing in the 
ordinary way, and at first this may be so, but after a little practice 
quite the opposite has been found to be the case, and much of the 
concentrated attention which makes the assayer’s work so mono- 
tonous is removed. 

The advantages claimed for the balance are 

1. It lessens the time of weighing. 

2. It saves the assay balance. 

3. It reduces the wear and tear on the weights (a factor not to 
be overlooked, and ore which only those who have made or cor- 
rected small weights can fully appreciate). 

For fully two years balauces of this kind have been and are in 
daily use at the Royal Mint, Melbourne. 

The adjoining sketch will make clear the principle of this simple 
addition to the assayer’s tools far better than pages of descriptive 
matter. 

The balance consists of a disc of aluminium, D, 0°3 inch in diameter 
(Fig. 1) and 0-1 inch thick, into which an arm, A, 1 inch long and 
0°05 inch thick, is screwed, the arm being provided with steel bear- 
ings N, to support the pan P. The pan itself is 0°75 inch in 
diameter. R is a steel rod, 0°02 inch in diameter, on which an 
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adjustable brass ball, B, is screwed. This is to counterpoise the arm 
A, with pan, &e. The pointer X, which is 4 inches long, indicates 
the weight, on the scale S, the weight on it being marked from actual 
trial with the ordinary assay weight. The scale can be set in a ver- 
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. Dise of Aluminium. W. Adjusting weight. 

. Steel Rod. N. Steel bearing for the Pan. 

. Brass Ball. L. Levelling Screws. 

. Pan. S. Scale. 

<. Knife edge. 
tical plane to read from the front, or, better, placed so as to read from 
the back, this being the position when in use. The whole moves in 
a vertical plane about the centre C, where is placed the knife edge K. 
The stand needs little description. It consists of a brass or iron plate, 
2 inches by 2 inches by 0°25 inch thick, into which are screwed two 
pillars which support the planes. It is furnished with levels and 
levelling screws as illustrated. It is therefore small enough to go 
into the balance case and stand beside the pan of the ordinary assay 
balance, which position is found to be the most convenient for use. 

The only trouble found was providing a suitable bearing. It was 
recognised that a knife edge or planes were the most trustworthy, 
but on account of the great sweep of 90° it was thought impossible to 
utilise this, so other forms were experimented with. The first trial 
was with the form illustrated below (Fig. 2). 
It consisted of a steel spindle, S, pointed at both ends, working 
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loosely in hard steel cups, the whole being highly burnished. The 
results were unsatisfactory. The ultimate intention was to have the 
spindle and cups of agate, but the results were so discouraging that 
the whole was rejected in favour of the following modification. The 
spindle was made as thin as a needle at the ends, and worked on a 
knife edge practically as shown (Fig. 3). 


The results were more encouraging, but still not sufficiently accu- 
rate for the purpose intended. 

Before describing the last improvement, I might mention an altera. 
tion suggested by the balance mechanician, Mr. Otto, to whom I am 
much indebted for the way in which he carried out my instructions 
with regard to the various trials. He substituted a hair spring for 
the spindle, the spring being stretched tightly between the two pillars 
of the stand. This gave admirable results at first, in fact so good 
that this form was adopted in preference to the one with a knife edge, 
but it had its drawbacks. The spring is affected by variations 


in the temperature and pressure of the atmosphere, and I suppose 


ba =] 
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also eventually a molecular change takes place in the spring itself, 
for after a time the balance becomes erratic and untrustworthy. 
Fig. 4 will give the reader an idea of the arrangement. 

The defects of this modification made me try the knife edge again, 
for before this torsion balance was used one fitted with a knife edge 
had been tried, but, owing to defective design, it was not quite satis- 
factory, and had drawbacks which the one with the spring had not, 
and the latter was therefore adopted for the time being in preference 
to the knife edge. 

A further trial with a knife edge succeeded beyond my expecta- 
tion; the defects of the former attempt were remedied, and now the 
form is as given in Fig. 5. 

To get a sweep of 90°, it was found necessary to use a very acute 
angled knife, which had to be placed at an angle to the planes, the 
edge of which knife, however, was kept concentric with the centre of 
the disc D,as shown in the sketch, Fig. 7 (p. 527). These planes are not 
planes, but segments of a circle, the same as used in Cotton’s automaton 
balance ; this causes the balance to start from the sume place each 
time, no matter how it is knocked about. Further, the knife is kept in 
position by two steel plates, SP (Fig. 6), set as close to the ends of the 
knife as possible without touching. The steel parts of these balances 
are so highly burnished as to appear like mirrors. The scale is made 
of brass, into which is slipped a strip of diaphanous ivory or hard 
paper, or, if preferred, the metal may be marked and engraved, in 
which case a silver scale would give the markings greater contrast. 
The paper scale, however, has been found to answer admirably. The 
ba'ance can be adjusted so that zero equals anything from 0 to 10, 
Seldom do we get gold under 7000 fine, so 0 is made equal to 
7000 with us; 60, 50, or any other convenient minimum, depending 
on the average fineness of the gold under assay, can be selected for 
zero. The intermediate weights up to fine can be then indicated by 
placing the ordinary weights in the pan, and making marks on the 
scale. When once this is done, the arrangement is complete, and no 
further use ol weights with this balance is necessary. 

When this apparatus was designed, a pointer 9 inches long was 
used, with the hope of being able to read to 0°01 grain. This, so far, 
has not been accomplished. The balance comes to rest in 15 seconds, 
and can be read in 10 seconds. This is quite fast enough, but it can 
be made to come to rest more quickly by attaching a flat plate to the 
pointer. 

When, say, No. 1 cornet is being weighed on the ordinary assay 
balance, No. 2 will be on the auxiliary one, and when No. 2 is re- 
moved to the ordinary balance, No. 3 will be indicating its weight, and 
so on; no time, therefore, is lost, except in the extra handling, which, 
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as already pointed out, becomes so mechanical that really the time 
saved far more than compensates for this extra shifting, the result 
being greater speed with less concentrated attention. 


Royal Mint, 
Melbourne. 


XXX VIII.—Contributions to the Knowledge of Ethylic 
Acetoacetate. Part I. Acetonylmalic acid. 
By Siearriep Runemann, Ph.D., M.A., and E. A. Tyzer, Scholar of 
St. John’s College, Cambridge. 


CoRRESPONDING with the formula for aconitic acid, there are two con- 
figurations which may be represented by the following symbols. 

COOH: “C ‘H = COOH: C- H 

COOH:-CH;: C- cooH “" coo#H: C: CH,COOH 

The study of citrazinamide, the product of the interaction of ethylic 
aconitate* with ammonia, led to the conclusion that the known 
aconitic acid is to be represented by the first expression (Ruhemann 
and Orton, Ber., 1894, 2'7, 3449). The experiments described in this 
paper were undertaken with a view of preparing this acid and its 
stereoisomeride, from fumaric and maleic acids. 

With this object, we studied the action of the ethereal salts of 
their chlorinated derivatives on the sodium derivative of ethylic 
acetoacetate, in the hope of arriving at the stereoisomeric ethylic 

CH,CO:CH-COOC,H; 
acetylaconitates, C COOC,H;. In both cases, however, we 


CH- COOC.H,; 


* In preparing citrazinamide by the action of ammonia on ethylic aconitate, I 
always found that in using the ethereal salt obtained by Hentschel’s method (J. pr. 
Chem., 1887, 35, 205), a small quantity of a substance was formed which does not 
dissolve in ammonia, and which can, therefore, be easily separated from the pyri- 
dine derivative. The product readily dissolves in boiling alcohol, and crystallises 
from the solution in colourless needles, melting at 136°; it does not contain nitro- 
gen, and on analysis gave numbers, which agree with the formula, C,9Hg0o9. 

0°1982 gave 0 3996 CO, and 0°1206 H,O. C = 54:98; H = 6°76. 

0°1720 ,, 0°3450 CO, ,, 0°1050H,O. C = 54°70; H = 678, 

Cy9Hg0;9 requires C = 54 80; H = 6°73 per cent. 

This substance is undoubtedly the ethereal salt of an acid, formed along with 
aconitic acid by the action of sulphuric acid on citric acid, but the amount at my 
disposal did not enable me to further investigate it. I intend, however, at some 
future date, to study the conditions under which this acid may be obtainedjin 
larger quantity.—S. R. 
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found that one and the same compound was formed having the 
formula C,H»O;; this result indicates that a different constitu- 
tional formula must be assigned to it, and its chemical behaviour 
points to the same conclusion. The ethereal salt is insoluble in 
potash, it does not yield a hydrazone on treatment with phenyl- 
hydrazine, nor is it decomposed with formation of aconitic acid on 
boiling with either an aqueous or an alcoholic solution of potash. 
The properties of the substance indicate a compound of the formula 
CH,C:C-COOC,H, 

CH-COOC,Hs The formation of such a compound by the 

O-CH:COOC.H; 

action of the ethereal salts of chlorofumaric and chloromaleic acids 
on the sodium derivative of ethylic acetoacetate is easily interpreted 
on the basis of the knowledge of the chemical behaviour of 
ethylic acetoacetate, which we owe to the researches of Michael and 
of Claisen. These researches led to the conclusion that, under 
certain influences, the ketone-group, -CO-CH,°COOC,Hs,, suffers a 
transformation into the ethenol-group, —C(OH):CH-COO,H,, and 
this change takes place readily if negative groups are substituted in 
the molecule of the ethereal salt, thus leading to compounds of the 
formula —-C(OR):CH-COOC,H;. The conclusions which follow from 
the chemical behaviour of ethylic acetoacetate and its derivatives 
have found a welcome confirmation in W. H. Perkin’s interesting 
work on the magnetic rotation (Trans., 1892, 61, 1800), and in that 
of Brith] on the refractrometric behaviour of those compounds (Ber., 
1892, 25, 366, and J. pr. Chem., 1894, 50, 119). 

The above researches enable us to give the following interpretation 
of the action of the ethereal salt of chlorofumaric acid on the sodium 
derivative of ethylic acetoacetate. ‘I'he negative group, 

-C-COOC.H; 
CH.COOC.H,’ 
contained in the former salt, entering into the molecule of ethylic 
acetoacetate, would give rise to the formation of a compound of the 
CH,;C:CH-COOC,H; 
formula 0-C-COOC,H; . The fact that the same substance is 
CH-COOC,H; 
produced on using ethylic chloromaleate leads to the conclusion that 
at the same time a molecular transformation takes place with the 
CH;'C.C-COOC,Hs 
formation of the ring compound, | CH-COOC,Hs. The product 
O-CH:COOC,H; 
appears, thus, as a derivative of furfuran, and it may be regarded 
as ethylic methyldihydrofurfurantricarboxylate. This view of the 
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constitution of the compound, is supported by its chemical pro. 
perties, agrees with its spectrometric behaviour, and furnishes y 
ready explanation of the transformation which the ethereal salt 
suffers under the influence of alcoholic potash. The hydrolysis of 
this salt is accompanied by a change which results in the formation 
CH,C(OH):CH- GH: CvOH 
CH(OH)-COOH 
would appear as a compound containing the ethenol-grouping ; this 
view is supported by the above-mentioned researches on the behaviour 
of ketone compounds (compare Claisen, Ber., 1592, 25, 1760, 1776). 


of acetonylmalic acid, The acid 


EXPERIMENTAL. 


Action of Ethylic Chlorofumarate on Ethylic Acetoacetate. 


Ethylic chlorofumarate was prepared according to Perkin’s direc- 
tion, namely, adding alcohol to the product of the action of phos- 
phorus pentachloride on tartaric acid; it distils at 127° under a 
pressure of 10 mm. 47°6 grams of this ethereal salt are gradually 
added to a solution of the sodium derivative of ethylic acetoacetate, 
obtained by mixing 30 grams of the ethereal salt with a solution of 
54 grams of sodium in 150 grams of absolute alcohol. The action is 
completed after half an hour’s heating on the water bath in a flask fitted 
with a reflux condenser. On removing the alcohol by distillation and 
adding water to the residue, an oil is thrown down, which, when 
washed with water and dried over calcium chloride, boils at L188 —159° 
under a pressure of 15 mm. The yield amounted to 50 grams. 

On analysis, it gave numbers corresponding with the formula 
CyH»O;. 

0°2154 gave 04380 CO, and 01298 H,O. C = 55°45; H = 6°64. 

0°1897 ,, 0°3884 » O1154 , C= 5584; H = 6°75. 

Cy.H»O; requires C = 56:0; H = 6°67 per cent. 


The density determination of the ethereal salt gave d16°/16° = 
11580. This compound, as pointed out before, is to be regarded as 
ethylic methyldihydrofurfurantricarboxylate. The formula 

CHsC:0-COOC,Hs 
| CH: COOC,Hs 
O- OH- COOC,H, 


is sapported by the spectrometric behaviour of the substance. Mr. L. 
R. Wilberforce, demonstrator at the Cavendish Laboratory, had the 
kindness to determine the refractive index of the compound, which 
n® — 1 


he found to be ny, = 1°470. The molecular refraction, M—————_, 
(n* + 2)d 


ae - =— © se = © 
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amounts, therefore, to 72°30, whilst (using Conrady’s numbers) the 
formula C,H»0,< O";|~— requires 71°94, 

The ethereal salt is insoluble in potash, and, as mentioned before, 
does not yield a hydrazone on treatment with phenylhydrazine. The 
constitution of the product formed by the interaction of ethylic 
chlorofumarate and the sodium derivative of ethylic acetoacetate is 
also in agreement with the behaviour of the compound towards am- 
monia and alcoholic potash. 

Action of Ammonia.—On allowing the ethereal salt to remain in 
contact with strong aqueous ammonia, the oil entirely disappears 
after a few hours, and the solution darkens and deposits long needles, 
which gradually increase in quantity, transforming the contents of 
the vessel into a semi-solid mass. The crystals are collected, and the 
adhering dark coloured mother liquor removed by washing with a 
little water. The substance readily dissolves in boiling water, and 
erystallises from the solution in long, colourless needles, which melt 
at 198°, 

On analysis the following numbers were obtained, which correspond 
with the formula C,).H,,N.O;. 

02096 gare 0°3832 CO, and 01094 H,O. C = 49°86: H = 5:80. 
01938 ,, 188 c.c. moist nitrogen at 12° and 770mm. N = 11°66. 
CyH,N2O; requires C = 49°586; H = 5°785; N = 11°56 per cent. 


The constitution of the compound C,H,N.0; is most probably 
represented by the symbol 


C-CONH, C-COOC.H; 


an aN 
CH;°C CH-COOC,H; or CHC CH-CONH, 
HN CH-OH F 
Go 
and the substance is to be regarded as the monamide of ethylic 
methylhydroxydihydropyridonedicarboxylate. Its formation from 
the furfuran derivative by the action of ammonia may be explained 
by assuming that first an addition of water with accompanied 
destruction of the furfuran-ring takes place, analogous to the decom- 
position which is brought about by potash, and that then ammonia 
causes a condensation to the pyridine compound. 

Action of Potash The ethereal salt is readily decomposed by boil- 
ing it with an alcoholic solution of potash; after about two hours’ 
heating, the alcohol is distilled off, the residue dissolved in wat: r, and 
the solution after adding excess of hydrochloric acid, is repeatedly 
extracted with ether. On evaporating the ether, an oil is left, which, 
after standing for a day, solidifies to a mass of colourless, transparent 
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rhombohedra; these are exceedingly soluble in water, and, after 
recrystallisation from it, melt at 145—146°. 
. Analysis of the acid, dried 1m a vacuum over sulphuric acid, leads 
CH;C(OH):CH-CH-COOH 
CH(OH):COOH™ 
02108 gave 0°3400 CO, and 0:0997 H,0. C = 43:98; H = 5:25. 
C,H,.O, requires C = 44°21; H = 5:26 per cent. 


On titration of the acid, it was found that a solution of 0°1901 gram 
was neutralised by 19°6 c.c. of a normal soda solution, instead of 
20 c.c. as required for a dibasic acid of the formula C;HoO.. 

A warm aqueous solution of the acid is coloured red by ferric chlo- 
ride. ‘The salts which acetonylmalic acid forms with the alkalis and 
alkaline earths are very soluble in water. 

The barium salt, prepared by boiling the aqueous solution of the 
acid with barium carbonate and adding alcohol to the concentrated 
filtrate, is a white, hygroscopic powder, which is exceedingly soluble 
in water. The sali, when dried at 110°, seems to have the composi- 
tion C;H,BaO,H,0, as indicated by the following determination. 


0°2554 gave 0:1744 BaSO,. Ba = 40°15. 
C,;H,BaO, + H,O requires Ba = 39°94 per cent. 


to the formula 


The silver sait gradually separates as a white, crystalline powder 
on adding silver nitrate to a solution of the acid neutralised by 
ammonia. It is readily soluble in boiling water, and is not acted on 
by light, neither is it altered on drying at 100°. 

On analysis, it gave numbers corresponding to the formula 
C,H,Ag,0.. 


0°2200 gave 01176 Ag = 53°40. 
02136 ,, 01140 ,, = 53°55. 
C,H,Ag.0, requires Ag = 53°46 per cent. 


Phenylhydrazine Salt—Phenylhydrazine acts on the acid with the 
formation not of a hydrazone but of a salt. This gradually separates 
from the alcoholic solution of the acid, on adding hydrazine to it, 
in clusters of colourless needles, which are sparingly soluble in cold 
alcohol, but readily on boiling. The compound is characterised as a 
salt of phenylhydrazine by the results of the analysis, and by the fact 
that it readily reduces Fehling’s solution, and is decomposed by dilute 
potash. 

A nitrogen determination gave the following number, which agrees 
with that required by the formula C,H,0.,2N H,-NH-C,Hs. 


02028 gave 25 c.c. moist nitrogen at 19° and 750 mm. N = 13:97. 
C,9HsN,O, requires N = 13°79 per cent. 
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Action of Ethylic Chloromaleate on Ethylic Acetoacetate. 


The chloromaleic acid was prepared by distilling chlorofumaric 
acid, and by dissolving the resulting anhydride in water (Perkin, 
Trans., 1888, 53, 695). In the distillation, part of the chlorofumaric 
acid passes over unchanged, together with chloromaleic anhydride, 
as already observed by Kauder (J. pr. Chem., 1885, 31, 1); the 
purification is brought about by distillation under diminished pres- 
sure, when the chlorofumaric acid remains behind (Zincke, Ber., 
1893, 26, 508). The ethereal salt of chloromaleic acid, obtained, 
according to Perkin’s direction, by the action of ethylic iodide on the 
dry silver salt, boils at 122° under a pressure of 15 mm. 

Ethylic chloromaleate acts on the sodium derivative of ethylic 
acetoacetate as readily as the derivative of fumaric acid does, giving 
rise to the formation of the same compound as that obtained from 
chlorofumaric acid. It boiled at 187—188° under a pressure of about 
15 mm., and gave on analysis the following numbers. 


0:2196 gave 0°4507 CO, and 0°1306 H,O. C = 55°97; H = 6°60 
CyH»O,; requires C = 56°0; H = 6°67 per cent. 

The determination of the density of the ethereal salt gave the 
following result. d@12°/12° = 1:1588; the refractive index was 
found by Mr. Wilberforce to be ny, = 1°470. 

The identity of the product formed from ethylic chloromaleate 
with that from the corresponding derivative of fumaric acid, which 
is proved by its physical properties, follows also from the chemical 
behaviour. Ammonia acts on the substance obtained from the 
ethereal salt of chloromaleic acid with formation of a compound of 
the formula C\H,N.O;, the identity of which, with the product 
resulting from ethylic chlorofumarate, is proved by the melting 
point (195°) and by a nitrogen determination. 

0:200 gave 21 c.c. moist nitrogen at 18° and 732 mm. N = 11°66, 

C,oHyN.O; requires N = 11°56 per cent. 

We are at present engaged in the further study of the componnds 
described in this paper, and hope shortly to communicate the result 
to the Society. 


Gonville and Caius College 
Cambridge. 
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XXXIX.—Analysis of the Water from the Dropping 
Well at Knaresborough, in Yorkshire. 


By Bensamin ARTHUR BoRRELL. 


Tue history of Knaresborough dates from before the Norman 
Conquest, and the remarkable petrifying qualities of this spring 
must have attracted attention at a very early period. Its character 
was well known in 1534, for Leland thus describes it (Leland’s 
Itinerary) :— 

“A little above March Bridge, but on the farther ripe of Niddeas I 
cam, isa Welle of a wonderful nature, caullid Dropping Welle, for out 
of the great Rokkes by it, distilleth water continually ynto it. This 
water is so could, and of such a nature, that what thing soever faullith 
oute of the Rokkes ynto this pitte, or ys caste in or growith about the 
Rokke and is touched of this water, growith ynto stone ; or else some 
sand, or other fine ground that is about the Rokkes, cummith doune 
with the continualle droping of the Springs in the Rokkes, and 
clevith on such things as it taketh, and so clevith aboute it and giveth 
it by continuance the shape of a stone. There was ons, as I hard say, 
a conduct of stone made to convey water from this welle over Nidde 
to the priory of Knaresborough; but this was decayed afore the dis- 
solution of the house.” 

It would, therefore, appear that some time prior to 1534, the water 
was used for drinking purposes. 

From 1626 up to as late as 1838, it had a considerable reputation 
as a spa water, and numerous references as to its medicinal qualities 
are to be found in the works of Short, Elliott, Walker, and Hunter. 

Dr. Short, in 1734, found it “to be twenty-four grains in a pint 
heavier than common water, on exhaling eighteen pints it left seven- 
teen scruples of sediment.’’* 

In 1783, Dr. Walker states, ‘the petrefying spring at Kuares- 
borough contaius a considersble quantity of selenitical, aud a smaller 
quantity of calcareous earth.” + 

This water was analysed in 1830, by Mr. W. West, of Leeds. 


His numbers weref 


* The Natural, Experimental. and Medicina: History of the Mineral Waters of 
Derbyshire, Lincolashire, and Yorkshire. By Thomas Short, M.D., of Sheffield. 
London, 1734. 

&.t An Essay on the Waters of Harrogate and Thirp Arck in Yorkshire. By 
Joshua Walker, M.D. London, 1784. 

t The Waters of Harrogate and its Vicinity. By Adam Hunter, M.D. London, 
1830 ; also, On Mineral Springs and other Waters of Yorkshire. By W. West. 
British Association Report, 1844, 
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Saline Contents in grains per Gases yielded ly the Water in 
Imperial Gallon :— Cubic Inches per Imperial Gal- 
Carbonate of lime ...... ‘ lon :— 
Sulphate of lime 35 Carbonic acid ...... 
Sulphate of magnesia.... 
Carbonate of soda....... 


Solid contents on evapora- 


GION, co rccee-e Sp. gr. of water = 1°0032. 


So far as I am aware, no analysis has been made since 1830, and it 
seemed very desirable that a more complete examination should be 
made of this curious water. The investigation was commenced in 
1894, and extended over the following year, various samples of the 
water having been taken from time to time. 

The strata on which Knaresborough is built is mostly magnesium 
limestone. The Dropping Well is situated in the Long Walk, on the 
south-west bank of the river Nidd, where the water rises in the steep 
declivity of a hill, at the foot of a limestone rock, and flows in a small 
stream for about 24 yds. It is then caused to spread over the surface 
of a large rock, some 30 ft. high and 32 ft. long, over which it trickles. 
The upper part of this rock projects considerably over the base, and it 
is to this projection that the articles to be petrified are hung. 

The water for analysis was collected immediately as it issues from 
the ground; at this point it is very clear and free from suspended 
particles. The flow is about 20 gallons a minute, and the temperature 
very constant, two readings giving 


August Temp. of air, 15°5° C.; temp. of water, 9°7° C. 
December - 2°0°C.; < 90° C. 


The specific gravity = 1-0024 at 15°5°; it was taken by means of a 
Sprengel tube, the capacity of which had been very carefully deter- 
mined. In each case the determination was made the same day as 
that on which the water was collected. 

Analysis.—The general course adopted was that recommended by 
Fresenius ; the numbers given are the means of at least two, and in 
some cases three or more concordant results. For the estimation of 
substances present in minute quantity, 25 litres were evaporated, but 
no traces of bromine, iodine, fluorine, or lithium could be detected. 

Strontium was separated by tlhe Rose-Stromeyer process, which 
has been carefully examined by Fresenius (Abstracts, 1893, ii, 
301), who finds it to give very perfect results. The method was 
checked by making up mixtures of calcium and strontium sulphates 
in proportions similar to those found in the well water, the results 
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obtained show that the process is trustworthy. In each estimation, 
the separated strontium sulphate was subjected to spectroscopic 
examination, but contained only the merest trace of admixed calcium 
sulphate.* ° 

In estimating the gases dissolved in the water, the apparatus 
devised by Sidney Harvey was employed (Analyst, 1894, 19, pp. 121, 
122, 123) ; by means of this apparatus, the water may be collected at 
the source in the bulb in which it is afterwards boiled, thus reducing 
contact with the atmosphere to a minimum. 

The atomic weights used are those given in Clowes and Coleman’s 
Quantitative Analysis, 1894. 

In the first table, the quantities of the different constituents are 
given in grams per litre under I, and in grains per gallon under II, 
In III the acids and bases are combined together, and the results 
stated in grains per gallon; and Table IV gives the gases dissolved in 
the water. 


Constituents per Litre and per Gallon. 

I. In grams per litre. IL. In grains per gallon. 
01614 11°298 
0°0107 0°749 
1°3524 94°668 
0°0270 1-890 
0:0011 0:077 
0:0006 0°C42 
0°6330 44°310 
0°0046 0°322 
00491 3°437 
00156 1:092 
00035 0°245 
0:00002 00014 
trace trace 
trace trace 
none none 
none none 


In combining the various acids and bases, a deviation from the 
usual course has been adopted, the sulphuric acid being first com- 
bined with the magnesium in preference to the calcium, as practically 
the whole of the magnesium was found in the boiled water, and none 
in the sediment thrown down on boiling. 


* For the occurrence of strontium sulphate at Knaresborough the following may 
be consulted: Trans. Geological Society, 1817, 4, 445; Edinburgh Phil. Journal 
Jan. 1825, 12, 178, 179. 
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III, Dissolved Saline Constituents in IV. Gases dissolved by the Water in 
grains per gallon :— cubic inches per gallon, and measured 
Calcium sulphate.... 114°373 at 15 ‘5° and 760 mm. 
Calcium carbonate... 25°480 Carbon dioxide.....e.. 4°74 
Calcium silicate .... 1°442 to ere eecee; aa 
Strontium sulphate .. 0°672 Nitrogen*....... tewes 
Magnesium sulphate , 17:003 / — 
, sai ial side 0-154 Total...... 11°05 
Manganous carbonate 0084 
Sodium chloride .... 2°765 
Potassium chloride... 0°462 
Alumina 
Phosphoric acid. .... 


* Not examined for argon. 


162-435 
Fixed residue by eva- 
} 162°324 


poration dried at 

170—180° ....... | 
Sp. gr. at 15°5° 1-0024. | 

It should be stated that all the reagents used in the analysis were 
not only of the highest degree of purity obtainable, but were care- 
fully tested, the impurities estimated, and (as measured quantities 
were used throughout) allowed for in the final results. 

It is intended to make the analysis of the deposit or sinter the 
subject of a future paper. 


XL.—Charas. The ltesin of Indian Hemp. 
By T. Bartow Woop, M.A., W. T. Newron Spivey, M.A., and THomas 
Hitz Easterriecp, M.A., Ph.D. 


SeveraL preparations of Cannabis indica (syn. sativa), differing in 
physiological activity and in the manner of application to the 
human subject, are familiar to the Eastern nations. Of these, 
“charas”’ is an Indian drug, and is regarded by the natives as the 
most potent substance obtainable from the plant. It is chiefly used 
in the Punjab, and consists essentially of the resinous exudation from 
the stems, leaves, and flower heads of the unfertilised female plant. 
By the kindness of Mr. Charles A. Silberrad, B.A., I.C.S., at present 
resident at Etawah, N.W.P., the authors have been provided with 
several pounds of the resin, the examination of which has furnished 
the materials for the present communication. 

Cannabis indica has been employed medicinally, both in this country 
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and on the Continent, but the uncertain action of the drug has pre. 
vented its use from becoming general, different preparations having 
apparently very different effects on the organism. It was with the 
object of isolating the physiologically active constituent of the hemp 
plant that the present research was undertaken, the importance of 
cannabis’ in’ veterinary medicine having been pointed out to the 
‘authors by Professor F. R. Hobday, of the Royal Veterinary College, 
and Mr. W. A. Wood, M.R.C.V.S. 

Charas was examined rather than any other preparation because 
the active principle appeared to be most highly concentrated in this 
natural exudation, and also because it contains no chlorophyll, a 
substance which causes much inconvenience in the examination of 
extracts made from the plant itself. 

Now that the characteristic compound has been isolated by the 
authors and placed in the hands of experienced pharmacologists, the 
difficulties which have hitherto attended the pharmaceutical use of 
Indian hemp will probably disappear. 

More than 40 original papers referring to Cannabis indica have 
been published ; abstracts of these are to be found in a dissertation by 
Leib Lapin (Zur Kenntniss der Cannabis indica, Jurjew, 1894), and in 
the Journal of the Imperial Institute, vol. ii, No. 15, 105 (March, 
1896). 

The physiological action was ascribed by T. and H. Smith (Pharm. 
Jour., 1847, 6, 675) to a resin which they obtained by alcoholic 
extraction of the dry plant, previously treated with acid and alkali, 
evaporation with lime to destroy chlorophyll, and subsequent extrac- 
tion of the mass with alcohol. No definite composition was assigned 
to the resin ; it could evidently have contained no alkaloids. 

Personne (J. Pharm., 1857, 31, 47) attributed the physiological 
effect to a volatile oil, whilst various observers have stated, and 
others have denied, that an alkaloid is present in the plant. The 
authors would state that their results do not agree with those 
obtained by any one investigator. Personne’s volatile oil has been 
shown by Valenta (Gazzetta, 1889, 10, 540), and more recently by 
Vignolo (Gazzetta, 1895, 25, i, 110), to be an impure sesquiterpene. 
This substance is also present in “ charas,” but is comparatively inert. 
Smith’s resin contains the active substance in large quantity, but is 
not a pure chemical compound. The authors have separated from 


.charas and from Smith’s resin an oil, resinous at ordinary tempera- 


tures, and having the formula C,,H,0, This substance is present in 
charas to the extent of 33 per cent., and in Smith’s preparation to 
nearly 80 per cent., and the authors have been able to isolate the 
same compound, not only from the ethereal and alcoholic extracts 
of the dry plant, but also from two commercial preparations by Merck, 
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of Darmstadt, known as “ cannabinon” and “ cannabis resin” respec- 
tively. Charas has yielded no alkaloid, but the balance of evidence 
is in favour of some relatively inert alkaloidal substance being pre- 
sent in small quantity in Indian hemp. 

Since the compound C,,H.,O. gives rise to all the symptoms of 
cannabis poisoning, such as is produced amongst the “ haschish ” 
smokers, the authors are of opinion that the main effects produced by 
the drug are due to the action of this substance, but that the presence 
of the terpenes and other constituents probably causes secondary 
effects, which to a certain extent interfere with the highly character- 
istic physiological action for which Indian hemp is so noted. 

The ethereal extract from charas has yielded four distinct chemical 
compounds. 

1, A terpene, boiling at 160—180°. Yield 1°5 per cent. 

2. A sesquiterpene, boiling at 258—259°. Yield 2 per cent. 

3. A paraffin (C2.H»), m. p. 63—64°. Yield 0°15 per cent. 

4. A toxic red oil, Cy.H»O., boiling at 265° under a pressure of 
20mm. Yield 33 per cent. of the charas taken. 


EXPERIMENTAL. 


Two kilos. of charas were extracted completely with ether, the 
ethereal extract concentrated to a syrup, and the product distilled 
until the thermometer rose to 300°; the residue was then distilled 
under a pressure of 15—60 mm., lien the whole, with the exception 
of a pitchy residue, came over between 270° to 290°. 

The charas was thus separated into four crude products. 


A. The portion insoluble in ether, 755 grams, that is, 38 per cent. 
This was a grey powder containing much ash, and about 
3 per cent. of nitrogen. On destructive distillation, it yielded 
ammonia, pyrroline (pine-shaving reaction), and organic bases. 
No alkaloid was obtainable by the usual methods of extrac- 
tion, and it has not been further examined. Under the micro- 
scope it was seen to be largely composed of plant hairs. 

B. The oily distillate from the ether extract, boiling below 300°. 
Weight, 200 grams = 10 per cent. 

C. The red resinous portion boiling at 270—290°, under a pressure 
of 15—60 mm. Weight, 650 grams = 33 per cent. 

D. The pitchy residue. Weight, 160 grams = 8 per cent. ; this 
was not further examined. 


Examination of Fraction B. 


1. Terpene of Low Boiling Point.—The oil was distilled until the 
temperature rose to 200°; the distillate was shaken with water, dried 
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with calcium chloride, and then repeatedly fractionated over sodium, 
and finally over phosphoric anhydride. 30 grams of an oil boiling 
between 160° and 180°, and mostly coming over between 165° and 
175°, was thus obtained. The portion distilling between 170 and 175° 
was analysed. 


Calculated for CjH,, C = 88:2; H = 118. 
Found, C = 87°8; H = 12°0. 


The vapour density by Victor Meyer’s air displacement method 
was found to be 65. Calcvlated for CyHi. = 68. 

The sp. gr. of the oil at 17°/4° was found to be 0°819, which is 
considerably less than that of the ordinary terpenes. It is slightly 
levorotatory, but in consideration of the very doubtful purity of the 
substance no importance could be attached to a determination of 
the specific rotation, The oil has a very pleasant terebinthous 
odour, and resinifies with remarkable rapidity on exposure to the air. 
It combines with hydrogen chloride to form an oily monohydro- 
chloride (found, 22 per cent. Cl.; calculated, 20°6), the first few 
bubbles of gas giving rise to a brilliant violet coloration. 

The same compound, boiling at 160—180°, has been found by the 
authors in an ethereal extract of the plant supplied to them by 
Merck. It was isolated by steam distillation, &. 

Monoterpenes have not been previously reported amongst the 
products obtained from the hemp plant. 

Terpene of High Boiling Point (Sesquiterpene).-—That portion of 
fraction B which boiled above 200° was distilled with steam ; a grass- 
green oil passed over, leaving a less volatile residue (see C below). 
The green oil was separated from the water by means of ether, dried 
with calcium chloride, and fractionated. After repeated distillation 
over sodium, about 35 grams of a colourless oil boiling at 258—259° 
was obtained. The substance is a sesquiterpene. 

Found. 


Calculated for F —~ 
(CioH is) =. I II. III, 


C...00. 882 87-94 8760 87°86 
Sux 382 1:60 1173 £4— 


Two vapour density determinations by Hofmann’s method at the 
temperature of boiling nitrotoluene (223°) gave 99°8 and 101°8. 
Calculated for C,;H.,, vapour density = 102. 

The sp. gr. of the freshly distilled oil was 0-898 at 18°, the specific 
rotation —8°6 at the same temperature. This oil is evidently iden- 
tical with that isolated by Valenta (Gazzetta, 1880, 10, 540), and 
more recently by Vignolo (Gazzetta, 1895, 25, i, 110), as a von- 
stituent of “‘cannabene,” the oil which Personne obtained by distil- 
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ling the hemp plant with water. Valenta gives the boiling point as 
256—258°, sp. gr. at 0° = 09289, and sp. rotation in chloroform solu- 
tion = —10°81. 

The sesquiterpene absorbs hydrogen chloride with production of a 
violet colour and separation of a brown, tarry mass. Bromine added to 
a chloroform solution of the compound gives rise to a violet colour, 
changing to red on adding more of the reagent. Sulphuric acid 
added to the acetic acid solution at once gives a deep red coloration. 
The sesquiterpene obtained by Wallach (Amnnalen, 1887, 238, 81) 
from oil of cubebs gives a somewhat similar reaction. 

Examination of Fraction C.—(1) Paraffin, Co5He ?—The resinous 
oil which remained when fraction B was steam distilled was added to 
C, and the mass on standing became filled with white crystalline 
scales; the whole was then dissolved in boiling alcohol and allowed 
to cool, when the crystals again separated and were collected. After 
several recrystallisations from much boiling alcohol, they melted at 
63'5—-04°, and the melting point was not changed by further recrys- 
tallisation. The boiling point was 285—290° under a pressure of 
15 mm. Analysis indicated that the substance was a higher 
paraffin. 

Found. 


Calculated for _ Sum —~ 
CopH eo. Z II. III. 


C scscesee SSS 85°15 84°9 84:7 
El cccssse EO0 14°54 14°7 150 


The numbers would agree equally well for any of the higher 
paraffins. Since, however, the melting and boiling points coincide 
with those which can with a high degree of certainty be predicted 
by interpolation for normal nonakosane, C2,H» (Krafft, Ber., 1882, 
15, 1702, et seq.), there is greater probability that it is this hydro- 
carbon than that it is any other. 

By constructing a curve from the melting and boiling points given 
by Krafft and interpolating for the unknown members of the paraffin 
series, the figures obtained are 


Calculated for 
Cag H ¢0. Found. 


M. Prccccccccvecccess 63—64 63°5—64 
B. p. (15 mm. pressure) 285—286 285—290 (corr.). 


The molecular weight by Raoult’s freezing point method in 
naphthalene was found to be 391. Calculated for CoH = 408. 

This hydrocarbon had no action on acid solution of potassium per- 
manganate at 80°, and in chloroform solution it did not absorb 
bromine from bromine water. Lack of material has prevented a 
more thorough investigation of the compound. 


WOOD, SPIVEY, AND EASTERFIELD: CHARAS. 


The authors have isolated the same hydrocarbon from Resina Can- 
nabis indice as supplied by Merck; from the Extractum Cannabis 
indice spirit. sicc. of the German Pharmacopoia; and also from the 
ethereal and carbon bisulphide extracts prepared from the plant. 

A paraffin whose composition and melting point agree with those of 
the substance under consideration has been found by Zugo (Gazzetta, 
1889, 19, 210) in the flowers of Chrysanthemum cinerariefolium, but 
the authors have had no opportunity of comparing the two sub- 
stances. An olefine (?) with the same melting point has been found in 
the flowers of Anthemis nobilis (Naudin Bulletin, 41, 484). With the 
exception of normal heptane, found by Thorpe (Annalen, 1879, 198, 
364) in the turpentines of Pinus sabiniana, these appear to be the 
only recorded instances of the occurrence of paraffinoid hydrocarbons 
in the vegetable kingdom. 

Persoune appears to have first noticed the occurrence of a solid 
hydrocarbor in the hemp plant. He named it hydride of cannabene, 
and assigned to it the formula C,H, (old notation). No analysis is 
given in the paper. The same hydrocarbon has been examined by 
Arutinianz, who describes it as a white substance melting at 60°. 
His analysis gave C = 83°81, H = 14°58, only adding up to 98°39. 
The authors would mention that, unless burnt with extreme care, the 
substance invariably gives very low results when analysed. 

(2.) Toxic Red Oil, C\gH»O2, Cannabinol.—The alcoholic filtrate 
from the paraffin just described was concentrated, and the syrup dis- 
tilled under diminished pressure ; an oil, amber coloured when seen in 
thin layers, but ruby red when seen in mass, distilled between 270° 
and 290°, under a pressure of 15—35 mm. There was practically no 
residue. ‘I'wo kilos. of charas yielded upwards of 600 grams of this 
oil. On redistillation, the compound was found to boil constantly at 
265° (20 mm. pressure), 300° (46 mm.), and 315° (100 mm.). 

When the oil was cooled below 60°, it set to a sticky, semi-solid, 
odourless mass, insoluble in water, but dissolving easily in alcohol, 
ether, benzene, glacial acetic acid, and organic solvents generally. 
Its solution in cold concentrated snlphuric acid is cherry red. Four 
different preparations were analysed. 


Found. 


Calculated for r _ 
I. II. III. IV. 


789 790 TW3 794 
9:0 905 89 9:29 
Preparation I had heen obtained by the use of ‘“ petroleum ether,’ 
II and III, by ether as described above. IV had been worked up 
from residues, and had been exposed to the air for some weeks before 
being analysed. The molecular weight of the oil in acetic acid 


b 
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solution was found by Raoult’s freezing-point method to be 273 and 
278. The formula, C,,.H»O, = 272. The sp. gr. was found to be 
0'9892 at 100° ;. 1:00925 at 65° and 1:0424 at 18°. 

The substance is extremely stable, but it reacts with bromine 
and with phosphorus pentachloride at the ordinary temperature. 
Fuming hydriodic acid, with phosphorus, is apparently without action 
on it below 150°, whilst above this temperature, a mixture of hydro- 
carbons is formed. Boiling alccholic potash does not act on the 
substance and no oxime or phenylhydrazine derivative has been 
obtained; a monacetyl and a monobenzoyl derivative, however, 
have been prepared. Experiments on the constitution of the com- 
pound are in progress. 

The physiological effects of the substances isolated from charas, 
have been investigated by Dr. C. R. Marshall, assistant to the 
Downing Professor of Medicine. A full account of the experiments 
will be published elsewhere, but the following report has been 
kindly supplied for insertion in the present paper. 

“The physiological action of the terpenes closely resembles that of 
the other members of this class, of which ordinary turpentine may be 
taken as the type. In doses of 0°5 gram they have very little effect 
and produce none of the characteristic symptoms of cannabis action. 
The red oil, on the contrary, is extremely active, and taken in doses 
of 0°05 gram induces decided intoxication followed by sleep. The 
symptoms produced by it are peculiar to Cannabis indica, and as 
none of the other products appear to possess this action, this sub- 
stance must be regarded as the active constituent of the plant.” 

If the physiological action of hemp is really due to the red oil, it 
is evident that the oil must exist to a greater or less extent in all the 
pharmaceutical preparations which are known to exert the character- 
istic effects. The authors have, therefore, examined a number of 
such preparations and have in every case succeeded in isolating the 
compound in question. The approximate yields obtained together 
with the analytical numbers are recorded in the following table. 


| 


Ethereal | Cannabis 
extract resin 
(Merck). | (Merck). 


— 


Cannabin 
(Smith’s 
resin). | 


| Cannabinon 
(Merck). 


Yield of red oil per 


er 


Calculated for 
C\gH2,0. 
Ritaadince - ae 
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The oil was also obtained in small quantity from the alcoholic 
extract (Eztractum Sicc. Pharm. Germanica) supplied by Merck. 

The following notes on the method of treatment pursued in each 
case may be of use to subsequent workers. 

Cunnabin (Smith’s Resin).—The substance was merely distilled 
under diminished pressure and the distillate once redistilled. 

Cannabinon (Merck).—-The crude material was dissolved in ether, 
washed with 10 per cent. sodium carbonate solution which removed 
a small quantity of a non-crystalline acid, then with dilute sulphuric 
acid, and finally with water. The ethereal solution was con- 
centrated, and distilled under diminished pressure. The distillate 
had a strong odour of tobacco which was almost entirely removed by 
steam distillation. The product was finally redistilled. The original 
cannabinon contained 1°7 per cent. of nitrogen. 

Ethereal Extract (Merck).--Steam distillation removed the terpenes, 
the residue was dissolved iv alcohol and evaporated with lime, the 
cake boiled out with spirit, and the solution concentrated and dis- 
tilled under diminished pressure. 

Cannabin Resin (Merck).—The dark-green mass was distilled 
under diminished pressure, and the product repeatedly redistilled. 
The sample of red oil thus prepared was far from pure as shown by 
its persistent smell, its fluidity, and the analytical figures. 

The red resinous oil has not previously been isolated as a definite 
chemical compound, although Leib Lapin (Dissertation Jurgew, 1894) 
obtained a substance to which he assigned the formula C,H,,0 by a 
tedious process of fractional precipitation from the ethereal extract 
of the plant. As far as can be judged from the properties as 
described by him, his substance may well have been an impure pre- 
paration of the red oil. The name, “cannabindon,” which Leib Lapin 
proposes for his substance, from its similarity to ‘‘ cannabinon,” does 
not recommend itself to the authors who propose the name canna- 
binol as the compound is undoubtedly a hydroxy! derivative. 


Agricultural and Pharmaceutical Departments, 
University Chemical Laboratory, Cambridge. 


XLI—The Constitution of a new Dibasic acid, resulting 


from the Oaidation of Tartarie Acid. 
By Henry J. Horstman Fenton, M.A. 


Wuen tartaric acid is oxidised under certain conditions in presence of 
ferrous iron, a new acid is produced which has powerful reducing 
properties, and gives beautiful colour reactious with ferric salts. The 
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conditions of formation, composition, molecular weight, and many 
transformations and derivatives of this acid have been described in 
former communications (Trans., 1894, 65, 899; 1895, 6'7, 48 and 
774). With regard to the conditions of formation, some experiments 
have since been made with a view of explaining the fact previously 
noted, that moist ferrous tartrate when exposed to the air gives rise 
to a certain quantity of this acid, but that the effect is much more 
marked if the exposure be made in the open air. This difference is 
shown to be due to the influence of sunlight, hardly any effect being 
produced in the dark (British Assoc. lveport, 1895). 

The acid has the formula C,H,O,,2H,O. It is a beautifully crystal- 
line substance having a pearly lostre, quite permanent in the air at 
ordinary temperatures, but readily losing its water of crystallisation 
when heated in an inert atmosphere at a temperature of 60—80°, 
yielding a white, amorphous powder. It is very sparingly soluble in 
cold water, but dissolves easily in warm water, and the solution is 
extremely unstable, splitting up almost quantitatively into glycollic 
aldehyde and carbon dioxide. Bromine, in presence of water, oxidises. 
it quantitatively to dibydroxytartaric acid, and it is easy in this way 
to prepare considerable quantities of the latter acid in the free state. 
Reduction with hydrogen iodide gives, finally, succinic acid, but if 
the action be limited some form of tartaric acid is produced—prob- 
ably racemic acid. The action of phenylhydrazine and hydroxyl- 
amine on it both give rise to crystalline prodacts. The acid is dibasic, 
and most of its salts crystallise extremely well. 

The object of the present investigation has been to throw light 
on the constitution of the acid. Having regard to the mode of 
formation and properties already mentioned, it is evident that only 
two formule are admissible— 


OOH QOOH 
H-OH G:0H 

a 
Dbo Bou 


GOOH GooH 


The first formula would represent a ketonic acid, having one alcoholic 
hydroxyl group, resulting from the oxidation of CH-OH in tartaric 
acidto CO. The second indicates an unsaturated acid, containing two 
alcoholic hydroxyl groups, produced by the abstraction of the two 
non-hydroxylic hydrogen atoms from tartaric acid. It might assume 
both of these tautomeric forms, or, if its constitution be represented 
by the second formula, one would expect two isomeric modifications — 
the fumaroid and maleinoid. 

The readiness with which the acid interacts with phenylhydrazine 
and with hydroxylamine to produce crystalline compounds appeared 
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at first sight to indicate the probability of the ketonic formula. These 
compounds, and the conditions of their productions were, therefore, 
carefully studied in order to ascertain whether any evidence is afforded 
of hydrazone or oxime formation. 

It was to be expected that the behaviour of acetyl and of benzoyl 
chloride, and of acetic anhydride, would give important information 
as to the number of alcoholic hydroxyl groups present. A careful 
study was, therefore, made of the actions of acetyl chloride on the 
methylic salt and on the free acid, also of ucetic anhydride and of 
benzoyl chloride on the free acid. Excess of the reagent was 
employed in all cases, and beautifully crystalline products were 
obtained, all of which resisted the action of water. As the analyti- 
cal results obtained in the above experiments left little doubt as to 
the probability of the second formula rather than the first, the action 
of aniline was investigated with a view of assigning a fumaric or 
maleic constitution to the acid ; and, finally, the behaviour of hydrogen 
bromide under various conditions was studied, and most interesting 
and sometimes unexpected results were obtained. 


EXPERIMENTAL, 
Action of Phenylhydrazine on the Original Acid. 


When excess (3 or more mols.) of phenylhydrazine in either alco- 
holic or acetic solution is added.to a solution of the original acid 
(1 mo!.) in dilute alcohol or acetic acid, in the cold, a beautiful 
silver-white precipitate appears after a few moments; this consists 
of flat, oblique plates, and, when collected on a filter, has a most 
brilliant lustre. It appears to be insoluble, or nearly so, in water, 
alcohol, ether, or benzene. Dilute sulphuric acid decomposes it, 
giving back the original acid. Treated with ferric chloride and 
alkali, it gives no coloration at first, but, on standing for a short 
time, the characteristic violet colour appears. It turns dark red on 
heating, and melts at abont 140°. 

On analysis the air-dried substance gave the following results. 
0°2550 gave 0°4928 CO, and 0°1226 H,O. C = 52°70; H = 5:34. 
01739 ,, 23°5 c.c. nitrogen at 17° and 755°3 mm.* N = 15°86. 

If the substance is a phenylhydrazine salt, C,H,O,.,2N,H;C.Hs, it 
would require C = 52:74; H = 5°49; N = 15°38 per cent. 

If this substance is kept for a few days, or if it be heated, it turns 
pale golden-yellow, and eventually becomes dark orange coloured ; 


* In the nitrogen determinations, throughout this paper, the pressures given are 
those obtained by subtracting the maximum pressure of the vapour from aqueous 
;potash solution (1 in 24) from the observed barometric pressure. 
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yellow and orange products are also obtained when solutions of the 
acid and phenylhydrazine are heated together for some time. A 
large number of analyses were made of these yellow and orange 
produits, prepared in different ways, and under various conditions as 
to temperature, &c. ‘The results were very variable (from C = 
4249; H = 5°26; N= 1483 toC = 51:72; H= 485; N = 15°59), 
but always lower than those obtained in the analysis of the above 
salt. These coloured products do not give back the original acid on 
treatment with sulphuric acid, and they appear to be mixtures of 
oxidation prodacts or of decomposition products. 

Action of Phenylhydrazine on the Methylic and Ethylic Salts.— 
Neither the methylic nor ethylic salt gives any reaction with 
phenylhydrazine. Various experiments were made both in alcoholic 
and acetic solutions, and no apparent change took place in any case, 
even after prolonged heating. 


Action of Hydroxylamine on the Original Acid. 


Excess of hydroxylamine hydrochloride in aqueous solution was 
added to an alcoholic solution of the original acid (in the proportion 
of about 4 mols. NH,-OH to 1 mol. C,H,O,). A white, crystalline 
precipitate began to separate after a minute or two. These crystals 
have already been described (loc. cit.). The crystals were well 
washed with small quantities of water, and air-dried. 

02177 gave 0°1830 CO, and 0:0929 H,O. C = 22°92; H = 4°74. 

02089 ,, 241 c.c. nitrogen at 14° and 745mm. N = 13°49, 

A normal hydroxylamine salt would require C = 22°42; H = 467; 
N = 13:08 per cent. 

This salt gives the characteristic violet colour with ferric chloride 
and alkali. It melts and decomposes almost explosively at 115—117°, 
so that much care has to be exercised when analysing it. The 
crystals soon undergo decomposition, even when kept in a stoppered 
tube, becoming transformed, after a few weeks, into a black, semi- 
fluid mass. 

No other crystallisable compound could be obtained by using 
different proportions or by the addition of sodium carbonate or 
hydroxide, nor could any results be obtained from the methylic or 
ethylic salts, with or without the addition of alkali. 


Action of Acetyl Chloride on the Dimethylic Salt. 


The recrystallised dimethylic salt was mixed with excess (about 
15—20 mols.) of acetyl chloride, and heated on a water bath in a 
flask connected with a reflux condenser for about 45 minutes; hydro- 
gen chloride was evolved, and a clear liquid was obtained. After 
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the excess of acetyl chloride had been distilled off, the residue solidi- 
fied to a crystalline mass on cooling. For purification, two methods 
were tried: (a) The crystalline residue was kept in a vacuum desic. 
cator for about 20 hours over solid potash and sulphuric acid, and 
then recrystallised from anhydrous ether; this specimen melted at 
93°. (b) The residue was washed with cold water, drained, and 
recrystallised from boiling water; this specimen melted at 101°5°. 
From its appearance and melting point, it was evidently purer than 
the (a) specimen, and was therefore selected for analysis. 


11561 gave 0°2621 CO, and 0°0635 H,O. C = 45°79; H = 451. 
01344 ,, 02264 »  9°0568 ,, C = 45°94; H = 469. 
COOCH, 
. ; a |, eee 
Theory for a di-acetyl derivative, GO-COCH, C= 46:15; H = 461 
COOCH; 
per cent. A mon-acetyl derivative would require C = 44:03; H = 
4°58 per cent. 

This substance is remarkably stable as compared with the com- 
pounds of the acid hitherto studied, since it may be boiled with water 
without change. It is insoluble, or nearly so, in cold water, but 
dissolves easily in hot water, from which it separates, on cooling, in 
beautiful, Jong, glistening, oblique prisms. Ether, alcohol, and 
glacial acetic acid all dissolve it easily. 

Treated with ferric chloride and alkali, it gives no colour, but, 
after saponification with aqueous potash, it gives the fine violet 
coloration with ferric chloride characteristic of the original acid. 

Strong aqueous ammonia dissolves it after a few minutes, forming 
a deep orange coloured liquid. 


Action of Acetyl Chloride on the Original Acid. 


About 2°5 grams of the original dry acid were mixed with about 
20 grams of acetyl chloride, and heated on a water bath in a reflux 
apparatus fur about an hour. After expelling the excess of acetyl 
chloride by heat, the clear liquid solidified, on cooling, to a mass of 
large, transparent crystals; these were left in a vacuum desiccator 
over solid potash and sulphuric acid for 24 hours, well washed with 
cold water, pressed in filter-paper, washed two or three times with 
anhydrous ether, and finally recrystallised from anhydrous ether, and 
dried in a vacuum desiccator. 


0°1853 gave 0°3044 CO, and 0°0464 H,O. C = 44:80; H = 2°78. 


This result coincides almost exactly with that required for a di- 
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; CO:CO:COCH; 
d | = x . = 
acetyl anhydride, or °<¢0.00-COCH, namely, C = 4485; H 
2°80. 


A monacety] anhydride would require C = 41°86; H = 2°32 p.c. 

The substance crystallised from ether in minute, hexagonal plates, 
melting at 98°, and orthorhombic in symmetry. It is somewhat 
sparingly soluble in ether, more easily in alcohol or in glacial acetic 
acid, and only very slightly in cold water, but dissolves more readily 
in hot water, and the solution, when left in a desiccator, gives a 
syrupy acid, which will not crystallise. 

The aqueous solution gives a fine violet coloration with ferric 
chloride alone, whereas all the compounds of this acid hitherto 
studied, only give this colour with ferric chloride in presence of 
caustic alkali. 

On saponification with potash, this substance behaves approxi- 
mately as a tetrabasic acid, but the results are slightly high, prob- 
ably owing to the unstable character of the resulting potassium salt 
of the original acid. Thus, 03738 gram of substance was mixed 
with 50 c.c. of alcoholic potassium containing 0°01407 gram KOH 
per c.c. After shaking and standing for some time, water was 
added, and the mixture was titrated with N/10 H,SO,, of which 
50°7 c.c. were required for neutralisation. 29°8 c.c. of the alkali 
were, therefore, neutralised by the anhydride; theory requiring 
27°5 c.c. 


Action of Benzoyl Chloride on the Original Acid. 


The original dried acid was mixed with a considerable excess of 
benzoyl chloride, and gently heated on a sand bath in a reflux appa- 
ratus; after about half an hour, hydrogen chloride ceased to be 
evolved, and the whole had dissolved to a clear liquid. A mass of 
transparent crystals separated on cooling; these were washed with a 
little benzoyl chloride, drained by means of the pump, washed 
several times with small quantities of ether, dried, and recrystallised 
twice from hot benzene. A silky mass of short needles (seen under 
the microscope to consist of very slender, rhombic prisms) was thus 
obtained, melting at 167—168°. The substance appears to be quite 
insoluble in water even on boiling; it is, however, easily soluble in 
warm alcohol, ether, or benzene. Treated with ferric chloride and 
caustic alkali, it gives the characteristic violet coloration after stand- 
ing for a few minutes. 

0°1266 gave 0°2957 CO, and 0:0345 H,O. C = 63:70; H = 3:02. 

CO-CO-COC,H; 
°<¢o-co-COC.H, aes 
H = 2°95 per cent. 


Theory for a dibenzoyl anhydride, 


2r2 


952 FENTON: CONSTITUTION OF A NEW DIBASIC ACID, 


A monobenzoyl anhydride would require C = 56°41; H = 2°56 p.c. 


Action of Acetic Anhydride on the Original Acid. 


The dry acid was mixed with a considerable excess of acetic anhy- 
dride, and heated on a steam bath; the whole dissolved after about 
half an hour, and the heating was continued for about three hours. 
Most of the excess of acetic anhydride was then removed by evapora- 
tion, and the remaining liquid began partly to crystallise on cooling; 
on adding cold water, a white, crystalline substance separated. This 
was drained, repeatedly washed with ccid water, then with small 
quantities of ether, and finally recrystallised from ether. It melted 
at 97—98°, and was in all respects similar to. the product obtained 
with acetyl chloride, the crystalline forms were identical, and it 
behaved towards solvents and towards ferric chloride in exactly the 
same way. The specimen prepared in this way gave, on analysis, the 
following results. 


0°1176 gave 0°1942 CO, and 0°0304 H,O. C = 45°03; H = 2°87. 


Action of Aniline on the Original Acid. 


The acid aniline salt was prepared by mixing alcoholic solutions of 
aniline and the original crystallised acid, in the proportion of 1 mol. 
of aniline to rather more than 1 mol. of acid; the white, crystalline 
precipitate produced was collected and drained by means of the pump, 
well washed with alcohol, and dried in a vacuum desiccator. 


0°1663 gave 0°3038 CO, and 0°0747 H,O. C = 49°82; H = 4°99. 
01566 ,, 83c.c. nitrogen at 23° and 742°4. N = 5:99. 
C,H,0,,N H.C,H; requires C = 49°79; H = 4°56; N = 5°80 per cent. 


This salt melts suddenly, and decomposes at 138:5°. With ferric 
chloride and alkali, it gives the characteristic violet coloration after 
standing. It is very sparingly soluble in cold water, more easily in warm 
water. The solution is acid to indicators. The cold aqueous solution 
is perfectly clear and colourless when first prepared, but on standing 
for a few minutes it begins to cloud, and gradually deposits a buff- 
yellow precipitate, this decomposition taking place very quickly if the 
solution is boiled; the solid salt also turns brown after keeping for 
a few weeks. The yellow decomposition product is insoluble in cold 
dilute hydrochloric acid. It dissolves easily in alcohol, ether, and 
light petroleum, being first darkened in colour, bat it could not be 
obtained in a crystalline form from its solutions. It was analysed in 
its original state in order to form some idea of its nature, and gave 
C = 73°91, H = 643, N = 10°48. [A dianil of the formula C,H,0, 
+ 2C,H,-NH, — 4H.0 would require C = 73:2, H = 3:8, N = 106 
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per cent.] From this result, and from the change of colour when 
solvents are added, it is probable that the substance is a mixture. 

The normal aniline salt was prepared in a similar manner by mixing 
the substances in the proportion of 1 mol. of acid to rather more 
than 2 mols. of aniline. The amorphous precipitate produced was 
drained, washed with alcohol, and dried in a vacuum as before. 

0'1680 gave 0°3556 CO, and 0°0840 H.O. C = 57°72; H = 5°55. 

01556 ,, 11°8c.c. nitrogen at 21° and 7512. N = 8°73. 

C,H,O, 2NH,°C,H, requires C = 57°48; H=538; N = 8:38 per cent. 

This salt melts and decomposes at 140—141°. It slowly gives the 
violet coloration with ferric chloride and alkali. 

It dissolves with great difficulty in cold water, rather more easily 
in warm water, and the aqueous solution behaves like that of the 
acid salt, giving a yellow precipitate immediately on boiling, or after 
a few minutes on standing in the cold. The solid salt, however, 
appears to be more stable than the acid salt, since it becomes very 
little discoloured, even after keeping for some months. 


Action of Hydrogen Bromide on the Original Acid. 


(1) Several experiments were made with water as a solvent. The 
dry acid was treated with considerable excess of an aqueous solution 
of hydrogen bromide saturated at 0°; the mixtnre was allowed to 
stand for several days, and was heated for periods varying from 
2 to 36 hours at temperatures from 50—105°. In no case was a 
very satisfactory result obtained, since either the acid remained appa- 
rently unchanged,* or decomposition occurred with production of 
tarry matter and evolution of carbon dioxide. 

(2) Glacial acetic acid was next tried, the dry substance being 
mixed with about 1U—30 times its volumes of glacial acid, and the 
mixture saturated with dry hydrogen bromide at 0—15°. The results 
obtained were of much interest and will be described below (p. 558). 

(3) Using anhydrous ether as «a solvent, a somewhat unexpected 
result was obtained. The dry acid was mixed with about 30 times 
its volume of anliydrous ether, and the mixture saturated, or nearly 
saturated, with dry hydrogen bromide, an operation requiring about 
six or seven hours for completion. 

The original dry acid is very sparingly soluble in ether, but a 
larger proportion dissolves as the liquid becomes saturated with 
hydrogen bromide, and, after standing for a day or two with occa- 
sional shaking, the whole dissolves forming a clear liquid. [In some 

* Later experiments have shown that if the mixture is kept at the ordinary 
temperature for several days, the acid is transformed into the §-modification 
(vide supra). 


ee 
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cases a heavy oily layer separated, which disappeared on shaking and 
standing. This may have been the compound of ether with hydrogen 
bromide observed by Messenger and Engels (Ber., 1888, 21, 327).]} 

After concentrating the liquid to about quarter of its bulk by 
distilling under reduced pressure, and leaving it for a short time, the 
whole becomes nearly solid, owing to the formation of a mass of fine, 
long transparent needles or prisms. These were drained with the aid 
of the filter pump, washed with a few drops of ether, and recrystal- 
lised from ether. The substance contained no bromine. 


071261 gave 0°2140 CO, and 0:0674 H,O. C = 46:28; H = 5°93. 


In order to ascertain whether the change had been complete, the 
same specimen was re-dissolved in ether, saturated again with hydro- 
gen bromide, and the crystals separated and recrystallised as before. 
These crystals melted at 74—75°. The substance gave the following 
result on analysis. 

0°1110 gave 0°1900 CO, and 0:0596 H,O. C = 46°68; H = 5°96. 

A substance formed by replacing two atoms of hydrogen in the 
original acid by ethyl, C,H.(C,H;).0., would require C = 47°05 and 
H = 5°88 per cent. 

This product may, therefore, be either the diethyl derivative of the 
acid, or the diethylic salt. It has, however, no acid properties, its 
solution in aqueous alcohol being neutral to litmus, and giving no 
effervescence with sodium carbonate; moreover, it proves to be abso- 
lutely identical with the product described below. One may, therefore, 
conclude that this substance is the diethylic salt of the acid. 

The ether used in the foregoing operations was most carefully 
purified from alcohol and from water. It was washed four or five 
times with small quantities of water, digested for a fortnight with a 
large excess of calcium chloride, and afterwards boiled for four hours 
in a reflux apparatus with sodium wire; it was then distilled with 
every precaution to prevent access of moisture. The hydrogen 
bromide employed was dried first with calcium chloride and then with 
phosphorus pentoxide. 

Iam not aware that the formation of ethylic salts in this manner 
has been observed before. It is possible that the method might be 
of advantage in certain cases, and I hope to make experiments in this 
direction with other acids. [A similar result could not be obtained 
by substituting hydrogen chloride for hydrogen bromide. Ethylic 
bromide appears to have no action on the acid, even after several 
hours heating in a sealed tube. | 

Farther evidence that the substance is the diethylic salt is afforded 
by the fact that a product identical with itin every respect is obtained 
by the ordinary method of preparing ethylic salts. Dry hydrogen 
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chloride was passed to saturation into a solution of the anhydrous 
acid in ethylic alcohol; it is advisable to use considerable excess of 
alcohol (about 1 part acid to 20 parts alcohol), and to allow the mix- 
ture to become warm, otherwise some of the acid may separate out 
unchanged. The mixture was allowed to stand for 24 hours, and 
then concentrated by distillation under reduced pressure to about 
one-fourth of its bulk. On standing for a short time, a mass of trans- 
parent needles separated exactly as in the experiment last described ; 
these, on recrystallisation from anhydrous ether, melted at 72—73°, 
and were identical in crystalline form and all other properties with 
the product obtained from ether and hydrogen bromide. 

01398 gave 0°2404 CO, and 0:0745 H,O. C = 46°89; H = 5°92. 

C,H.(C,H;).0, requires C = 47°05; H = 5°88 per cent. 

In both of these methods of preparation, a further yield of the 
ethereal salt may be obtained by adding water to the supernatant 
liquid after draining off the crystals. 

This substance, prepared by either method, exhibits the following 
remarkable property. It is quite stable when exposed to the atmo- 
sphere at ordinary temperatures. Specimens have been kept exposed 
for months without change. If, however, it be placed in a desiccator 
over sulphuric acid, phosphorus pentoxide, or caustic potash, it begias 
to liquefy after a few hours, a small quantity (say 0°5 gram) being 
entirely converted to the liquid state after about 15—24 hours. After 
remaining in the desiccator for some weeks it again becomes a solid 
crystalline mass. Examined quantitatively, it is seen that a slight 
increase of weight always takes place at first, and that this 1s followed 
by a regular and diminishing loss, which continues for several weeks, 
constancy being apparently attained when the whole has solidified. 

If the original crystals of the ethereal salt be sealed up in a tube 
full of air, and containing phosphorus pentoxide, the same change 
takes place, whilst if oxygen be substituted for air the effect is much 
more rapid. But if the tube be filled with hydrogen or carbon dioxide 
instead of air, the crystals remain permanent. This phenomenon is 
still ander investigation. 

The ethylic salt crystallises in very slender, oblique prisms. It is 
practically insoluble in water, but dissolves easily in alcohol, and very 
easily in ether. Treated with ferric chloride and caustic alkali, it 
gives the characteristic violet coloration after a short time;,atid with 
caustic alkalis alone, or with ammonia, it gives a lemon-yellow colora- 
tion. Its behaviour with these reagents is exactly similar to that of 
the methylic salt previously described. With sodium ethoxide, its 
alcoholic solution gives a bright scarlet precipitate which is extremely 
unstable, and soon turns yellow, and then colourless. So far, it has 
not been found possible to analyse this owing to its instability. 
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The action of the chlorides of phosphorus has been only partially 
studied, since the results so far obtained from them give no very 
definite information concerning the subject under investigation, but 
their behaviour will be discussed in a future communication. 


Constitution of the Acid. 


The molecular weight of the acid has been determined by a vapour- 
pressure method and by the boiling-point method, and that of the 
methylic salt by the freezing-point method. It is further confirmed 
by the direct relationship to tartaric, succinic, and dihydroxytartaric 
acids, and by its simple resolution into glycollic aldehyde and carbon 
dioxide. 

The di-basicity of the acid has been established by titration with 
alkali and by analysis of the ammonium, sodium, methyl and ethyl 
salts, and of the normal and acid aniline salts. 

The presence of ‘wo hydroxyl groups has been shown by the action 
of acetyl chloride on the methylic salt, and that of acetyl and of 
benzoyl chlorides and of acetic auhydride on the free acid, di-acidyl 
derivatives, which withstand the action of water, being obtained in 
each case. 

The absence of a ketonic group is indicated by the negative behaviour 
of phenylhydrazine and of hydroxylamine towards the methylic and 
ethylic salts. The crystalline compounds obtained when these agents 
react with the free acid are shown to be the normal phenylhydrazine 
and hydroxylamine salts respectively. 

Direct evidence of the unsaturated nature of the acid is not easy to 
obtain, owing to the unstable character of many of the additive pro- 
ducts. It is indicated, however, in the production of tartaric (or 
racemic) acid by the limited action of hydrogen iodide, and in the 
fact that it instantly decolorises alkaline potassium permanganate 
(Baeyer’s test). 

Many. of the transformations can be readily understood if the 
formation of unstable intermediate additive products be assumed. 
Bromine, for example, appears to be without action on the dry acid, 
but it is immediately decolorised by the hydrated acid, the change 
being complete if a small quantity of water be added. The result is 
dihydroxytartaric (tetrahydroxysuccinic) acid and hydrogen bromide. 
This change is readily explained if it be assumed that the unstable 
additive product, C,.Br,(OH).(COOH), (dibromotartaric acid), is first 
produced and then hydrolysed. The fact that water is essential for 
the splitting up of the acid into glycollic aldehyde and carbon 
dioxide, may be explained in a somewhat similar manner (loc. 
cit., 774). 

The colour reactions with ferric chloride (green in presence of 
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mineral acid, changed to violet by alkali) remind one of the “ pyro- 
catechin reaction ” characteristic of orthodihydroxy-derivatives. This 
fact might, perhaps, be suggested as further evidence in favour of 
the dihydroxylic formula. 

Taking all the above stated facts into consideration, it is evident 


COOH 


Bz : C- 
that the original acid must be represented by the formula G-OH ; 


COOH 
and that it is, therefore, either dihydroxyfwmaric acid or dihydroxy- 
maleic acid. 

The readiness with which anhydrides are produced by the actions 
of acetyl or benzoyl chlorides, and of acetic anhydride, affords sug- 
gestive, although not conclusive, evidence in favour of the maleinoid 
constitution. More direct information is supplied by the behaviour 
of the aniline salts. Gottlieb, Perkin, Michael, and others have 
shown that the aniline salts of maleic, citraconic, and allied acids 
are very unstable as compared with those of the fumaric series 
(fumaric, mesaconic, &c.). The former readily lose water, giving 
anilides, or anils, or isomers of these or mixtures, when solutions of 
the salts are heated or allowed to stand. Michael recommends that 
the acid should be half neutralised with aniline, and the solution 
allowed to stand or boiled, when acids of the maleic series give pre- 
cipitates (insoluble in dilute hydrochloric acid), whereas those of 
the fumaric series are stable. By reference to the properties of the 
aniline salts mentioned above, it will be seen that the acid under 
discussion behaves as a member of the maleic series.* 


Isomeric or Modified Form of the Acid. 


The original acid is very sparingly soluble in cold glacial acetic 
acid. It dissolves fairly easily on heating, but the greater part 


* Experiments are being made with a view of producing the acid, or its deriva- 
tives, from other sources, e.g., from acetylenedicarboxylic acid, tribromosuccinic 
acid or dibromomaleic acid. 

Bourgoin, in 1874, stated (Bull. Soc. Chim., 22, 443) that by the action of water 
on silver dibromomaleate he had obtained an acid having the formula C,H,Og,, and 
which he called ‘‘ dioxymaleic acid.” He gave, however, no experiments in support 
of this statement, with the exception of a single silver determination, the result of 
which was, of course, capable of other interpretations. His conclusion was after- 
wards called in question by Scherks (Annalen, 1881, 207, 223), and the experi- 
ment was repeated by Hendrixson (Amer. Chem. J., 1890, 12, 325), who obtained 
only acetic acid and carbon dioxide. 

Tanatar (Ber., 1879, 12,2293), by the action of potassium permanganate on fumaric 
acid, obtained a substance to which he assigned the formula C,H,O.,, and which he 
erlled “ bioxyfumarsiiure,” but which was subsequently shown to be racemic acid. 
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separates out again on cooling, and if the remaining solution le 
evaporated to dryness, the anhydrous acid remains as a white, 
amorphous powder which, as previously shown, is only slightly soluble 
in water or ether. If, however, the dry acid be covered with 
glacial acetic acid and dry hydrogen bromide passed to saturation, 
the mixture being kept cool, a very different result is obtained; 
under these circumstances a much larger proportion of the acid dis- 
solves, and if the mixture be afterwards heated until solution is 
complete, no separation occurs on cooling. Although heating con- 
siderably hastens the process, it is not necessary to bring about the 
change, since the whole dissolves after standing for a few days and 
shaking. The following is the method usually adopted: About 5 or 
6 grams of the dried acid is mixed with excess (about 30 times its 
volume) of glacial acetic acid, and thoroughly saturated with dry 
hydrogen bromide, the mixture being cooled by ice towards the end 
of the operation ; it is allowed to stand for a day or two, and then 
heated in a pressure bottle at about 60—80° for a few hours.* Alter 
again standing for a day or so, it is advisable to saturate the mixture 
once more with hydrogen bromide. 

On evaporating to dryness a few drops of the resulting liquid, a 
brilliant, crystalline residue is left, which is extremely easily soluble 
in water and in ether. It is highly deliquescent, the crystals 
immediately becoming liquid if breathed upon, or if subjected to the 
vapour of ether. 

On removing the hydrogen bromide and the greater part of the 
acetic acid by distillation under reduced pressure, a liquid remains, 
which sets to a crystalline mass on cooling (Product A). A little of 
the original acid usually remains unchanged, and, in order to remove 
this, the product is extracted with ether, distilled nearly to dryness, 
and the resulting crystals extracted with glacial acetic acid; or the 
product may be mixed with a little water, extracted with ether, the 
ethereal solution dried over calcium chloride or anhydrous sodium 
sulphate, and distilled to a small bulk. The solution from either of 
these operations, on standing in a desiccator, soon deposits a mass of 
transparent prisms; these are very easily soluble in water or ether, 
and fairly easily in cold glacial acetic acid. They rapidly deliquesce 
when exposed to the air, and give off acetic acid. When heated, or 
placed in a desiccator over potash, they quickly effloresce, giving off 
acetic acid, and leaving a white residue (Product B). This residue 
is also extremely deliquescent, and easily soluble in water and in 
ether, separating from its solution in ether as a mass of radiating, 
feathery crystals. 


* This is a somewhat dangerous operation, as explosions sometimes occur, but 
little harm results if the heating be effected in a sufficient volume of water. 
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When either of these products, A or B, is dissolved in water, a 
perfectly clear solution is obtained, but, on allowing the solution to 
remain for some hours, preferably in a vacuum desiccator, it begins 
to deposit short, rod-like prisms, or long, silky, prismatic needles, 
very sparingly soluble in cold water (Product C). 

Examination of Product A.—The crystals were drained, washed 
quickly with a little glacial acetic acid, and pressed for some time 
in dry filter-paper. Owing to their extreme deliquescence and in- 
stability, much care was necessary in order to avoid exposure to the 
air. 

I. 0°1484 gave 0°2044 CO, and 0°0521 H,O. C = 37°56; H = 3°90. 

II. Another specimen was washed as before, and very quickly 
pressed between two or three changes of dry filter-paper. 

0°1910 gave 0°2663 CO, and 0:0663 H,O. C = 38:02; H = 3°85. 

These numbers approximately indicate the formula C,H,O, + 
2CH;-COOH — H,0 = C,H,.O,, which requires C = 3840; H= 
400 per cent. 

III. Another specimen was heated in an air bath at 95° till the 
weight was constant. 

0°2282 lost 0°1115 = 48°86 per cent. 

IV. A further specimen was heated in a current of dry hydrogen, 
the loss of weight was estimated, and the acetic acid evolved was 
determined by absorption in normal potassium hydroxide. 

0°2429 lost 0°1170 = 48°16 per cent. 

Theory for a loss of 2CH,COOH from Cs,H,O, = 48°00 per cent. 

The resulting acetic acid neutralised 1:9 c.c. normal KOH = 
01140 gram of acetic acid. Theory = 0°1165 gram. 

Examination of Product B.—The residue from Analysis III was 
somewhat discoloured, and was, perhaps, somewhat affected by the 
air, as is the case with the original acid. 

V. 0°1516 gave 02014 CO, and 00214 H,O. C = 36:23; H = 1°56. 

VI. The residue from IV was nearly pure white, and gave the 
following result. 

01259 gave 0°1702 CO, and 0°0183 H,O. C = 36°86; H = 1°61. 

The formula C,H,O, — H,O = (,H,0; requires C = 36°91; H = 
153 per cent. 

This substance gives the characteristic violet coloration when 
treated with ferric chloride and caustic alkali. With alkalis alone, 
and with ammonia, it gives a deep yellow coloration, and with barium 
hydroxide, a bright yellow precipitate is produced. Towards sodiwm 
carbonate, it behaves as a monobasic acid, using methyl-orange as 
indicator. Thus. 

VII. 0:1394 substance required 11 c.c, N/10 Na,CO, for neutrali- 


sation. 
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VIII. 0°1568 substance required 11°8 c.c. N/10 Na,CO; for neutra- 
lisation. 
Theory for a monobasic acid = 10°7 c.c. and 12:0 c.c. respectively, 
With caustic alkalis, the results are much higher, 0°1752 required 
22 c.c. N/10 KOH. 

Theory for a monobasic acid = 13°4 c.c. 

Heamination of Product O.—The air-dried crystals gave the follow- 
ing results. 

TX. 0°1395 gave 0°1317 CO, and 0:0537 H,O. C = 25°74; H = 4°27. 

X. 01318 ,, 01247 ,, 00501 , C=2580; H= 429. 
The formula C,H,O,,2H,0 requires C = 26:08; H = 4:02 per cent. 

XI. Another specimen was heated at 80—85° in a current of 
hydrogen until the weight was constant. 

0°2456 lost 0°0481. H,O = 19°58. 

Theory for a loss of 2H,0 from C,H,O, = 19°56 per cent. 

These results are identical with those obtained on analysis of the 
original acid. (For the sake of reference, we will call the original 
acid the «-modification, and the Product C the s-modification.) 

The properties of the two are in many respects identical or very 
similar. Both give the characteristic violet coloration with ferric 
chloride and alkali, the behaviour on heating is much the same, and 
the solubilities appear to be almost identical, about 5 parts per 1000 
at 15°. The accuracy of the solubility determinations cannot, how- 
ever, be depended on, owing to the unstable character of the aqueous 
solutions which decompose spontaneously even at low temperatures. 
The crystalline forms and the appearance are, however, altogether 
different, the a-acid crystallising in diamond-shaped plates, and the 
f-acid in prisms or needles. Both acids lose their water of crystal- 
lisation on heating, leaving white, amorphous powders, and, on dis- 
solving these in small quantities of hot water, each crystallises out 
again in its original form, that is, the a-acid in diamond-shaped plates, 
and the A-acid in prisms. 

The acid aniline salt of the f-acid appears to be much more stable 
than that of the a-acid, and the difference is very striking if the 
experiments are made side by side. Weighed quantities of the res- 
pective acids are dissolved in alcohol, and aniline is added in alcoholic 
soiution in quantity calculated for the acid salt (1 mol. acid to 1 mol. 
aniline). The precipitates obtained are collected, washed with alcohol, 
and thoroughly drained with the aid of the pump; they are then 
ground up with small quantities of cold wafer, filtered, and the filtrate 
heated gradually to boiling under the same conditions. The salt of 
the a-acid, as previously shown, very soon begins to cloud, and even- 
tually deposits a buff-yellow precipitate, whereas the salt of the #-acid 
remains perfectly clear for a considerable time. It is true that some 
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specimens of the aniline salt of the S-acid also showed a cloudiness 
after a time, but the difference from the a-salt, even then, is very 
easily seen. This slight clouding of the solution of the A-salt is 
probably due to the fact that it is very difficult to obtain specimens of 
p-acid entirely free from traces of the a-acid ; examined under the 
microscope, one or two diamond-shaped crystals are sometimes found 
mixed with the prisms or needles. ‘This circumstance may be due to 
the fact that the methods of purification are not perfect, or to a 
partial change back to the original form. 

From the foregoing observations it seems evident that the differ- 
ence between the a- and f-acids is more than a mere crystallo- 
graphic one, and, considering the mode of formation of the A-acid, 
and the relative stability of its acid aniline salt, it appears not im- 
probable that it represents the fumaroid fourm, i.e., that it is dihydr- 
oxyfumaric acid. The formation of this acid from the corresponding 
maleinoid form could be explained by the Van’t Hoff-Wislicenus 
hypothesis in a manner similar to that which accounts for the trans- 
formation of maleic into fumaric acid by the action of hydrogen 
bromide. The intermediate product might, for example, be tribromo- ° 
succinic acid* or trihydroxysuccinic acid, which could lose hydrogen 
bromide or water, giving a fumaroid derivative. Referring, however, 
to the two intermediate products which were isolated from the acetic 
acid hydrogen bromide reaction mentioned above, the following 
explanation may be suggested. 

The Product B, having the formula C,H,O;, might be the anhydride, 
“internal ether,” or lactonic acid, but, from its behaviour with sodium 
carbonate and with alkalis, and from the fact that its aqueous solu- 
tion, on standing, readily yields the A-acid, there seems to be little 
doubt that it is the lactonic acid, having the fumaroid constitution, 

OOH-C—O , : ido Fi 
° OH-G-CO’ This lactonic acid, it will be remembered, was pro- 
duced by heating the crystalline Product A, 2 mols. of acetic acid 
being given off at the same time. The acetic acid might be present 
as ‘acetic acid of crystallisation,” but it seems more probable that 
the Product A is a compound formed by the addition of the elements 
of acetic anhydride to the original unsaturated dihydroxymaleic acid, 

OH 
COOH'C-0-COCH; 
COOH’C-COCHs 
OH 


* When the original acid is heated with amorphous phosphorus and bromine, a 
. product is obtained which, on being dissolved in water, deposits crystals after a 
time, apparently identical with the 8-acid, and a similar effect is slowly produced 
by aqueous hydrogen bromide. 
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This product might then, after “ rotation,” lose 2CH;COOH in the 
following way. 
COOH-C-0 > omg - OH 
o-d-colon - [coon 


leaving the lactonic acid. 


COOH 


COOH Ne OCcOCH, 


4 


( 


This explanation is, of course, only offered as a suggestion. 

I hope shortly to make further observations on this f-acid, and 
also on the lactonic acid which appears to have some remarkable 
properties. The side-issues of the present work have, however, 
revealed so many interesting fields for investigation, that it is some- 
what difficult to decide which should next be taken in hand. 


University Laboratory, Cambridge, 
March 17th, 1896. 
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ANNUAL GENERAL MEETING, 


March 26, 1896. 


Mr. Vernon Harcourt, President, in the Chair. 


THIRTY-ONE years ago I had the honour of being elected Secretary of 
the Chemical Society. We used then to meet on the ground-floor of 
the original Burlington House, which the artists now occapy, on the 
east side of the entrance, and it was during my eight years of office 
that the present home of the learned societies was built, and that we 
moved into the rooms in which we now meet. The collection of 
specimens presented to the Society, which it was thought in our early 
days would gradually furnish a chemical museum, was dispersed at 
the time of our removal, the decision having to be made whether we 
should appropriate a room and shelves to such a museum or not. 
Mr. John Williams put a modest price upon the articles, at which 
they were taken by various members of the Council. No doubt the 
decision was right. It requires an effort of the imagination to invest 
such specimens with a real individuality. Among my share was a 
small bottle of the beautiful, silky-red needles of chromic acid, now 
trioxide, prepared and presented by our founder, Mr. Warington. 
But the substance had become common, and one needed, in order to 
feel interest in the specimen, to rest upon the historical evidence 
that those were the actual crystals Mr. Warington had prepared. 
Another specimen I remember of native mercury from Idria. For 
many years it was religiously kept apart, but at last some labora- 
tory boy, unconscious of the difference between it and other mercury, 
added it to the general stock. Many other specimens had succumbed 
to the property of slow chemical change, a property existing, no 
doubt, in a number of substances which, in our hurried way, we deal 
with before the year is out, and are not content to watch. It might 
by now have been of great interest to examine some of the decom- 
posed specimens of this miscellaneous collection. 

We decided against the museum, but arranged for a room adjoining 
our meeting room, which should be fitted up as a laboratory, and 
provided with such ordinary apparatus and materials as might help, 
and so encourage, authors to illustrate their communications experi- 
mentally. I fear this plan has failed, like that of a museum. Figures 
and formule, and drawings on the blackboard, form the chief part of 
what chemists now have to show to one another. But I observe that 


TSE a ae ve ee a ee cee tee 


—!-* 


564 ANNUAL GENERAL MEETING. 


the old love for an experiment, though it may have been most keen in 
the boyhood of our science, as in the boyhood of each one of us, still 
remains. When the liquefaction of air in a cooled test-tube is to be 
shown, or the phosphorescence of the platinocyanides under the pene- 
trating influence of the Rontgen rays, we have even larger meetings 
than usual, and a still more interested audience. The feelings with which 
we first saw solid carbon dioxide, or evidence of the extension of the 
spectrum beyond the visible limits of red and violet, or the action of 
the screened off magnet, are re-awakened. In view of this fact, those 
who contribute to our proceedings should bear in mind that anything 
they may have to show will meet with a welcome sufficient to reward 
them for the trouble which the bringing and setting up of apparatus 
involves. Itis not only such wonderful scientific discoveries as those to 
which I have referred, which should be illustrated here. We have been 
glad to see the simple production of acetylene, from some lumps of 
calcium carbide in a bottle, and some water in a dropping tube, the 
brilliant light which the gas gives, and the flame of its decomposition 
in a heated tube. We are also indebted to Professor Lewes for show- 
ing before us that cyanogen mixing with nitric oxide burns like a 
hydrocarbon. Further, novelty in apparatus is worth showing, even 
a new dephlegmator or nitrometer. In a few minutes, with a few 
words of description, every one can judge whether the apparatus 
shown is in any respects better than that which he is accustomed to 
use ; and many a useful hint, or the germs of further improvements, 
may thus be imparted. 

I have referred to experiments on acetylene, and this recalls the 
evenings we have spent in listening to a discussion of the nature of 
hydrocarbon flames, their temperature in different regions, and the 
causes of their luminosity. The attractive phenomenon of flame no 
longer holds the place it once held in chemical theory; but at long 
intervals, on two or three occasions, a discussion has arisen regarding 
what may be called the topography of flames. Indeed, the delimita- 
tion of the zones, and the estimation of the temperature and material 
constitution of portions of the flame, are so difficult that we cannot 
yet with confidence give a complete account of that which happens 
in any single flame. Before one of our recent discussions, I was 
asked by a friend to conclude the proceedings with a judicial summing 
up, and to declare which disputant was in the right. I declined to 
urdertake the task. I do not underestimate the dignity, for which I 
am grateful to you, of occupying this chair; but it does not entitle, 
and certainly does not qualify, its holder to pronounce ex cathedrd 
on any subject as to which a difference of opinion exists between 
honest and capable investigators. Taking, however, the humbler 
position of a jaryman, I should have supported a verdict to this effect, 
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that it was highly probable (which our law calls “ proved”) that the 
splendour of the flame of acetylene is due to, among other things, 
the high temperature caused by the addition of its heat of decom- 
position to its heat of combustion; but that it was not proved that 
the brightness of an ordinary flame of coal-gas was due in any degree 
to the formation and subsequent combustion of acetylene. 

At our anniversary meeting last year the usual proceedings were 
suspended for a short time, that we might hear from Professor 
Ramsay an announcement of unusual interest. The President, in 
delivering the Faraday Medal to Lord Rayleigh, had congratulated 
him on the wonderful discovery of a new constituent of the atmo- 
sphere, which had sprung from his careful determination of the 
density of nitrogen, and in the working out of which he and Pro- 
fessor Ramsay had borne an equal share. The announcement which 
Professor Ramsay had then to make to us was of the discovery of 
another similar substance, of which he has since given a further 
account. Among many points of interest attaching to helium one of 
the strangest is this, that being what it is, there should be any of it 
on earth. It has been happily named, for the sun would seem to be 
its natural resting place. Assuming the correctness of Dr. Johnstone 
Stoney’s calculations, hydrogen once set free, if it escapes a flash of 
lightning, passes out into space beyond the limits of our atmosphere. 
But hydrogen does not readily get free; it may pass from its com- 
bination with oxygen into complex organic molecules, and issue thence 
in combination with carbon or nitrogen or sulphur or phosphorus, 
and thence become united with oxygen again. Helium has no such 
ties to retain it. With no element which has been offered to it has 
it yet been found, at any temperature, to combine. Once set free, it 
is not even absorbed again by the materials which held it. 

In glancing back at the chemical events of the past year, to which 
many of our Fellows have contributed, we must, I think, wish to 
accord our heartiest congratulations to Professor Ramsay on his 
great good fortune in happening upon these wonderful substances, 
and on the skill and insight with which he has investigated them. 

Many of the papers brought before us have been of great interest ; 
some standing alone, others the periodical record of long and syste- 
matic work. On every occasion the readers of papers have found an 
interested and appreciative audience. 

A difficulty, however, arises at our meetings owing to the large 
number of communications we receive. When we have sat from 
8 to 10, we feel we have had a full meal and are inclined to rise 
from table. Yet it often happens that we have only gone through 
half the papers on our list. I see no better way out of this difficulty 
than that of judging on each occasion, on various grounds, in what 
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order papers should be taken. One obvious ground is to accord a 
preference to the papers which come first into the Secretaries’ hands ; 
another, to give a preference to those papers whose authors are 
present, and especially if they have arranged any experimental illus. 
trations. Again, some papers are more likely than others to give 
rise to an interesting discussion ; and our chief reason for meeting, is 
not that we may hear instead of reading,—often reading is better,— 
but that we may ask questions and discuss, or listen to questions and 
discussions. I think that as far as possible every author should be 
asked whether if there is not time for the reading of his paper, he 
had rather that it should pass at once into the hands of the Publica- 
tion Committee, or that it should be reserved for another meeting. 
A list might also be posted up in the Library, as has been suggested 
by a member of Council, of all papers received, so that anyone who 
went to the Library might judge whether the occasion was favourable 
for sending in his paper. These, however, are matters for the judg- 
ment of Council, and especially of the Secretaries. 

From our Senior Secretary I have obtained some notes of the Pro- 
ceedings of Council during the past year, to which I will now briefly 
refer. 

Ou the recommendation of the Treasurer, who bestows on the 
affairs of the Society an amount of care and financial ability of 
which only members of Council can be fully aware, the fees for com- 
position have been put on a proper basis. 

We have twice been in communication with our French neigh- 
bours and colleagues, once on the sad occasion of M. Pasteur’s death, 
and again on the celebration of the hundredth anniversary of the 
Institut. 

The Council having determined to publish a Collective Index of 
the publications from 1873 to 1892, in two volumes, decided to send 
copies of both volumes to those who have been Fellows since the end 
of 1882, and the second volume only to Fellows who have joined the 
Society between the lst of January, 1883, and the 31st of December, 
1892. 

On the question of indexing, which has been also occupying the 
attention of the Royal Society, a Committee of the Council has been 
appointed, and will, I believe recommend the continuous preparation 
of a subject index to our Transactions, Proceedings, and Abstracts. 

Shortly before our meeting at the end of last year, at which a 
number of candidates were elected, a printed list of candidates was 
sent round unofficially and anonymously, on which the attention of 
the Fellows was called to certain candidates, obviously with the in- 
tention that they should be black-balled. The matter came before 
the Council, and as their feeling was strongly adverse to the issue of 
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such anonymons appeals, I was asked to mention it to the Society. 
Our objection is not to the unofficial character of this circular, 
though it is clear that the Fellow or body of Fellows who issue such 
an appeal undertake a considerable responsibility, and should make 
clear on the face of their circular that it is unofficial. But we 
think that those who issue the circular shonld append their names. 
The fact that our voting is by ballot does not, we think, justify the 
circulation of an anonymous attack upon some of the candidates. 

At our last anniversary meeting reference was made to the long 
delay which has occurred in printing an account of the proceedings 
at the jubilee of the Society. The principal cause of this delay ap- 
pears to have been a sort of heroic error on the part of my prede- 
cessor in this chair. Probably no occupant of the chair has ever done 
so much work for the Chemical Society. Dr. Armstrong undertook 
to write, as a supplement to the jubilee narrative, an account of the 
scientific work of our Society during the first 50 years of its exist- 
ence. As he advanced down the rapidly swelling stream of chemical 
inquiry the task became more and more arduous, while his leisure was 
invaded by the growing claims of other work, including the Presi- 
dency of this Society. At length, however, the difficulties which had 
thus arisen have been faced and overcome. The record of the jubilee 
will, it is hoped, consist of two volumes. The first is all but com- 
plete ; indeed, it was hoped that copies might have been issued in 
time for this meeting. It contains a report of the speeches made at 
the jubilee meeting and at the dinner which followed, and an account 
of the early history and development of the Society. 

The second volume, which Dr. Armstrong tells me he has sails 
completed, will contain the record of our work from the foundation 
to the jubilee. 

We have also another arrear as to which we can now make a 
similar announcement. The addresses delivered at the Hofmann 
Memorial Meeting, which have been prepared for publication by my 
predecessor, who is also contributing some account of Dr. Hofmann’s 
work, will, we are informed, be ready to appear in an early number 
of the Journal. 

We have listened, so recently that a slight reference will suffice, to 
a memorial lecture on the work of one of our most distinguished 
foreign members, Professor von Helmholtz. Early in the century 
there were men who made science their subject. They listened to 
and read omnivorously all that came before the Royal Society or the 
British Association. Such a man I knew in my uncle, W. Vernon 
Harcourt, a Fellow of this Society, who was the principal founder of 
the British Association; and the correspondence of his scientific con- 
tempararies, which I have been reading, shows that they succeeded 
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in covering, or at least in interesting themselves in, the whole of the 
scientific knowledge of their day. But during the last half century 
that a man should have a full knowledge of many distinct sciences, 
and should do admirable work in all of them, has been possible only 
to such a giant as Helmholtz. Professor Fitzgerald gave us in his 
lecture some criticisms of physical theories, imagined and largely 
adopted by chemists, which we shall do well to consider. It is 
possible that we haye listened to a false cry, and got on to a wrong 
scent, all of us together. We are not wiser than our fathers, the 
adherents of phlogiston, were. 

Two of our foreign members have died within the year. Eleven 
days after our last anniversary occurred the death of Dr. Lothar 
Meyer, whose work on the modern theories of chemistry, frequently 
re-edited, has during 30 years made his name widely known. Be- 
ginning as a doctor of medicine, he investigated the gases in the 
blood, and was thus drawn to Chemistry. For the last 20 years he 
worked and taught as Professor at Tiibingen. It is pleasant to read 
in the sketch of his life given in the Berichte that the award by the 
Royal Society to him, conjointly with Mendelejeff, of the Davy 
Medal, for his share in the development of the periodic law, gave him 
especial pleasure. His life and work are to be the subject of a 
memorial lecture which Professor Bedson has promised to deliver 
here on the 28th of May. 

The second foreign member whom we have lost was M. Pasteur, 
whose marvellous work in the study, first of crystals and then of 
micro-organisms, and whose applications of his discoveries to the 
benefit of mankind, have been recalled since his death on September 
28th to the memory of us all. An admirable lecture on the life and 
work of Pasteur was given to the British Association at Ipswich, 
shortly before his death, by Dr. Perey Frankland. It is proposed 
that in the course of this year a memorial lecture, especially on the 
chemical aspect of Pastcur’s work, should be given here. 

During the coming summer, celebrations are to be held of the com- 
pletion of periods in the lives of two distinguished men of science. 
The Society has been asked to send a representative on the 15th of 
June next to take part in the celebration of the completion by Lord 
Kelvin of the fiftieth year of his tenure of the Chair of Natural 
Philosophy in the University of Glasgow. Our senior Secretary, him- 
self a Glasgow student, has been asked by the Council to represent 
us on this auspicious occasion. In July next there occurs the 
seventieth anniversary of the birth of Cannizzaro. An address of 
congratulation has been drawn up by our Foreign Secretary, which 
will be presented on his birthday to the illustrious [talian chemist. 

A letter was received 10 days ago from the Secretary to the Board 
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ef Trade announcing that they had determined, in consequence of a 
report on the accident at the St. Neots Station, to appoint a Com- 
mittee to inquire into the loss of strength in steel rails used on rail- 
ways, and asking that the Chemical Society would select two members 
to be submitted to the President of the Board of Trade as suitable 
members of the Committee. The Council have nominated our Trea- 
surer, Dr. Thorpe, and our junior secretary, Professor W. R. Dun- 
stan, to take part in this interesting and important inquiry. 

Of-our own ordinary members we have lost 15 by death during the 
year, namely, the following:—Cave, Herbert; Davy, S. H. M.; Gal- 
loway, R.; Kelly, J.A.; Liepmann, Hy.; Linford, J.S.; Looker, P. ; 
McRoberts, G.; Morgan, Wm.; Offord, J. A.; Pochin, H. D.; Smith, 
C. H.; Smith, M. H.; Winstone, A. B.; Wood, John. 

The following 24 have resigned :—Ansell, F. G.; Briggs, H. F.; 
Cory, G. E.; Gardner, J.; Greenish, T.; Groves, T. B.; Haydon, 
W. F.; Heyes, Rev. J. F.; Holt, W.; Jackson, W.; Kay, Rev. W.; 
McKillop, J.; McMullan, C.; Pullinger, F.; Maben, T.; Rothwell, 
R. R.; Sergeant, E.; Smith, Prof. E. F.; Stocks, J. M.; Traman, 
E, B.; Bose, C.M. von; Wethered, E.; Liversidge, Prof.; Snelus, G. 

The following have been removed by the Council from our list of 
Members on account of non-payment of subscriptions :— 

Three years’ arrears :--Ashcroft, G. A.; Adams, F. E.; Billing, 
H.8.; Burnett, E. E.; Bamber, H. K. G.; Babington, P.; Byrne, 
Thos.; Baine, L. A.; Campbell, J. M.; Cook, Rev. E. B.; Cole, A.; 
Davies, D. O. S.; Foster, J. A.; King, C. M.; Kirkman, H. J.; 
Kacker, K. K.; Lennox, D.; Lintern, A. A.; MacLeroy, A. L.; 
Mousley, H. J. M.; North, W.; Quayle, E.; Stephens, C. W.; 
Wells, G. I. J.; Wiltshire, John; Evans, A. J.; Phipson, T. L.; 
Blyth, F. W. G. 

Two years’ arrears :—Ainsworth, Geo.; Bamber, W. E.; Chant- 
rell, P. S.; Cooper, L.; Chaney, H. J.; Cargill, W. D.; Edmunds, 
Lewis; Golden, A. R.; Hope, C. F.; Jenkins, Wallis; Mansell, J. ; 
Parker, R. H.; Speir, J.; Schlesslman, J.; Tate, Dr. G.; Wilson, 
J.M.; Walker, D. 

Twenty-four Fellows who have paid a life composition have for 
two years not replied to the communications sent them. It is pro- 
posed to make another attempt at communicating with them, and if 
this fails their names will be removed. 

The number of Fellows whose names have been removed is, it will 
be seen, unusually large. This is due to the operation of the 
amended by-law which was sanctioned at the last meeting. It is 
not likely that this change will make the number of Fellows thus 
removed larger in the future than in the past. Indeed, we may hope 
that a more stringent rule will hinder some of our Fellows from 
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starting on the downward course of being-in arrear. But its imme- 
diate effect is that those who wonld have been next year’s defaulters 
are struck off now. 

The present position of the Society in regard to the number of 
Fellows will be seen from the following tabular statement. 


Number of Fellows, March 3lst, 1895 ............ 1979 
bs a since admitted ....:...ccceee 114 
c at reinstated by Council ....... ; 9 
2102 
_ Removed on account of non-payment of three 
annual subscriptions .......cccsececccceers 28 
Do. two annual subscriptions .........0..ee00 17 
es £6555 + enn ise ee pene ae 23 
Rs Cn ar ee Te ee eee ee 15 
—_ 83 
Number of Fellows, March 31st, 1896 ............ 2019 
Foreign Members............ peebteseeweses eeKesee 28 


The use of the Library, as judged from the issue of books, is on the 
increase. Last year the number issued was 564; this year it is 675. 
The number of volumes and pamphlets added to the Library during 
the past year has been 743. 

A shelf-catalogue is in course of preparation to facilitate the 
checking of the books in the Library ; and a new system of registra- 
tion has been adopted, by means of which it is hoped that the loss 
of books, taken out but not returned, may be diminished. 

The number of papers printed in our Transactions has been 116, 
and 43 other papers have been printed in the Proceedings only. 

The following statistics relating to onr Abstracts have been 
furnished to me by the Sub-Editor. 


Part I. 
Pages. No. of Abstracts, 
Organic Chemistry ............... coccces 692 1190 
Part II. 
General and Physical Chemistry .......... 318 
Inorganic Chemistry .......e.sccccsesece 234 
Mineralogical Chemistry ............. oe" 97 
Physiological Chemistry..........eeeeee.. 174 
Chemistry of Vegetable Physiology and 
DIT 0556.65 06.0000 s0senesacs vose 110 
Analytical Chemistry ...........0.0004 00 309 
. fb. y | are err ee 544, 1292 


Total is Pasta T and Tf... .ccccceeccs . 1236 2482 
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The index to the Transactions, Proceedings, and Abstracts occupied 
175 pages, of which 120 pages was subject index; 55 pages, index of 
authors’ names. 

The grants made to the Research Fund will appear in the 
Treasurer's Statement. A good return of work done and of com- 
munications to the Society is made by those who receive these grants, 
as may be seen by looking at last year’s list. In particular, at our 
last two meetings we have had communications of great interest and 
value from Mr. Herbert Jackson and Mr. A. E. Tutton. 

The Treasurer will also lay before you, in detail, the financial con- 
dition of the Society, which seems to be prosperous, owing largely to 
his care. 

A question of great and increasing difficulty, that of chemical 
nomenclature, has again been under the consideration of the Publica- 
tion Committee and of the Council. As this question is partly 
international, and as a larger number of foreign chemists attend the 
meetings of the British Association in the summer than our meetings 
at a busier time of the year, it was suggested that a discussion on 
chemical nomenclature might be held at one of the meetings of the 
Chemical Section of the Association. I have no doubt that effect can 
be given to this suggestion, and [ hope that a large number of our 
Fellows will be able to attend the meeting. 


The Obituary Notices will appear in the next monthly part of the 


Journal. 


Dr. Giapstonr, F.R.S., proposed a vote of thanks to the Presi- 
dent, coupled with the request that he would allow his address to be 
printed. 

Professor Dixon, F.R.S., seconded the motion, which was carried 
by acclamation. 

The Presipent having thanked the meeting, 

Professor THorre, F.R.S., the treasurer, gave an account of the 
balance sheet, which he laid before the Society, duly audited. 

The receipts had. been:—By admission fees and subscriptions, 
£4454; by sale of Journal and advertisements, £511 8s. 3d.; and by 
dividends on invested capital, £381 15s. 9d. The expenses had been : 
—On account of the Journal, £2858 10s. 63d.; on account of the 
Proceedings, £261 6s. 25d.; on account of the General Index, 
£154 2s. 6d.; on account of the Library, £306 17s. 4d.; the total 
expenditure being £4406 18s. 2d. Grants amounting to £180 had 
been made to Feliows from the Research Fand during the year. 

Mr. Tyrer proposed that the thanks of the Fellows be tendered to 
the Treasurer, for his services during the past year; this motion was 
seconded by Mr. D. Howarp, and carried. 
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The Treasurer, in responding, proposed a vote of thanks to the 
auditors. 

Mr. A. Bioxam seconded the motion, which was unanimously 
adopted, and acknowledged by Mr. B. Biovunr. 
| Dr. Russett, F.R.S., proposed a vote of thanks to the Officers and 
i Council. 


| 

| Professor Ti.pen, F.R.S., seconded the motion, which was unani- 

| mously adopted. 

i} Professor THoMsoNn responded. 

| Professor McLxop, F.R.S., proposed a vote of thanks tothe Editor, 

1 Sub-Editor, and Abstractors, which was seconded by Dr. Tuornt, 

i and carried. 

| Mr. Groves, F.R.S., responded. 

Dr. J. Voelcker and Mr. Nagel were appointed scrutators, and a 

| ballot was then taken for the election of Officers and Council for the 

ensuing year. The following were subsequently declared duly 

elected :— 

i President : A. Vernon Harcourt, M.A., LL.D., D.C.L., F.R.S. 

Vice-Presidents who have filled the office of President: Sir F. A. Abel, 

Bart., K.C.B., D.C.L., F.R.S.; H. E. Armstrong, LL.D., Ph.D., 

| F.R.S.; A. Crum Brown, D.Sc., M.D., F.R.S.; W. Crookes, F.R.S. ; 

| E. Frankland, ‘D.C.L., F.R.S.; Sir J. H. Gilbert, Ph.D., F.R.S.; 

i J. H. Gladstone, Ph.D., F.R.S.; H. Miller, Ph.D., F.R.S.; W. 

Odling, M.B., F.R.S.; W.H. Perkin, LL.D., Ph.D., F.R.S.; Lord 

| Playfair, K.C.B., Ph.D., F.R.S.; Sir H. E. Roscoe, LL.D., F.R.S.; 

| W. J. Russell, Ph.D., F.R.S.; A. W. Williamson, LL.D., F.R.S. 

| Vice-Presidents: Horace T. Brown, F.R.S.; James Dewar, M.A., 
LL.D., F.R.S.; Francis Robert Japp, M.A., Ph.D., LL.D., F.R.S. ; 

Ludwig Mond, F.R.S.; W. Chandler Roberts-Austen, C.B., F.R.S. ; 

William A. Tilden, D.Sc., F.R.S. 

| Secretaries: John M. Thomson; Wyndham R. Dunstan, M.A., 

| F.R.S. 

Foreign Secretary : Raphael Meldola, F.R.S. 

| Treasurer: T. E. Thorpe, LL.D., F.R.S. 

| Other Members of Council: P. Philips Bedson, D.Sc.; Bennett 

i} Hooper Brough; Bernard Dyer, D.Sc.; Otto Hehner; Herbert 

i McLeod, F.R.S.; H. Forster Morley, M.A.; G. Harris Morris, Ph.D. ; 

James Wyllie Rodger; W. A. Shenstone; Arthur Smithells, B.Sc. ; 

Thomas Stevenson, M.D.; Sydney Young, D.Sc., F.R.S. | 
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HOFMANN MEMORIAL LECTURE.* 


(DELIVERED May 5th, 1893.) 


XLII.—Personal Reminiscences of Hofmann and of 
the conditions which led to the establishment of the 
Royal College of Chemistry and his appointment as 
its Professor. 

By Lord Prayrair, G.C.B., F.R.S., &e. 


I BELIEVE it is desired that I should show what were the conditions 
that led up to a separate College of Chemistry in this country under 
the illusirious Hofmann, and that I should preface my remarks by 
some memories of the great chemist’s early days at the famous 
University in Giessen, where I studied with him. My few words will 
only be introductory to the more valuable observations of those 
chemists who worked and co-operated with him in this country. 

Hofmann was about two years my senior in age; nevertheless he 
did not begin his chemical training in Liebig’s laboratory till after I 
had left it. Chemistry was not the profession which it was originally 
desired that he should follow. He first intended to pursue a career 
in philology and law, and studied these subjects ut the University, 
and his training in languages stood him in good stead in after life ; 
indeed, I have heard him make excellent speeches in several 
languages—I recollect one instance especially, in 1867, when the 
French chemists gave a memorable banquet to the chemists of 
foreign countries: I was entrusted with the thanks of the invited 
guests, and spoke in English, while Hofmann, in proposing the 
health of the French chemists, made a capital French speech. 

When I first knew Hofmann at Giessen he was studying mathe- 
matics and physics, and, though he mixed in a friendly way with the 
active investigators in Liebig’s laboratory, he was not one of our body. 
When he did enter that great laboratory, he had a groundwork of 
general culture and physical science that helped him greatly in his 
subsequent career. With that I have nothing to say except in rela- 
tion to his influence on English chemistry. 

Bat I must diverge from the immediate subject of my memoir to 
recall to mind the position of English chemistry, in order to explain 
why the advent of Hofmann to this country became such an important 


* Chemical Society’s Memorial Lectures, No. III. Compare Proceedings of the 
Chemical Society, 1893, p. 132. 
VOL. LXIX. 2k 
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event. England has never been deficient in great chemical investi- 
gators, but has lacked practical schools for training them. Indeed 
we can claim with perfect justice that a large number of the dis- 
coveries which have made chemistry a science have originated in this 
country. The last century was especially prolific. The capital dis- 
covery of oxygen and the other pneumatic discoveries of Priestley ; 
the studies of airs and of latent heat by Black; the discovery of the 
composition of water simultaneously by Cavendish and Wedgwood; 
the work of Dalton, extending into the last and present century, by 
which he brought law and order into our ideas of chemical combina- 
tion : all these were radical discoveries forming the very foundations 
of chemistry. 

In the present century I have again to begin with Dalton, for it 
was my good fortune to know him intimately, and I can never forget 
his venerable figure, supported on the arm of Dr. Joule, coming daily 
to hear my lectures at Manchester on the new organic chemistry, 
which had arisen in then recent times. Dalton, Davy, Faraday, and 
Graham indeed stand out as shining lights in our century. Davy and 
Faraday were brilliant investigators, and both of them had a singular 
charm and eloquence as lecturers. To them we owe largely the popu- 
larity of chemistry in this country. But none of these chemists, except 
Graham, thought of opening their laboratories for the training of 
students in the methods of research. That was reserved to my own 
master, the celebrated Thomas Graham. I was a student in his 
laboratory in Glasgow in 1835 and 1836, and followed him to London 
2s his private laboratory assistant in University College. Graham’s 
example spread, and several Colleges, and even the Universities, 
slowly adopted the view that laboratories were necessary to teach and 
to train the chemists of the future. 

At that time organic chemistry was little known or studied in this 
country, and all of us who had means to go abroad used to flock 
either to the laboratory of Liebig at Giessen or to that of Wohler at 
Géttingen. I need not point out that Baron Liebig exerted an 
enormous influence on the progress of organic chemistry, both by his 
own discoveries and by those of his pupils from all countries, who 
were trained to do researches in his celebrated laboratory. Many 
English students studied in it, and when they returned to England 
they were imbued with the enthusiasm of their master, and acted as 
missionaries in spreading a knowledge of the new organic chemistry. 
Soon laboratories for teaching students were opened in various parts 
of the country. 

In 1840 Liebig published his celebrated work, Chemistry of. 
Agriculture and Physiology. It is difficult to-day to realise the 
effect that work had in promoting the study of chemistry : it greatly 
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increased, the demand for laboratory teaching and even the older 
universities found it necessary to provide means for laboratory 
training. 

Two years after its publication, in 1842, the illustrious Baron 
Liebig made a sort of triumphal tour in this country. He visited 
the Prime Minister, Sir Robert Peel, at Drayton Manor, and paid 
other visits to the great agriculturists of the day—Lord Spencer, 
Lord Ducie, Lord Fitywilliam, Mr. Pusey, and many others, as well 
as to most of the chief towns. At all places meetings were held, and 
Liebig, with his travelling companion, the genial and celebrated 
geologist, Dr. Buckland, had opportunities of disseminating his views 
on the importance of chemistry to mankind. The tour was a person- 
ally conducted one, like Cook’s tours in the present day: the con- 
ductor and interpreter of the party, in fact, was a young man called 
Lyon Playfair, who took care that the effects of the tour shouldbe 
felt in all the chief centres of Great Britain. 

The immediate effect of Liebig’s tour was to make chemistry a 
popular science, and to induce colleges to open laboratories for teach- 
ing it. The School of Mines was opened in Jermyn Street with, for 
the time, an excellent laboratory, which was always filled with 
students ; still, its purposes were chiefly limited to the professional 
objects of the college. University College and King’s College gave 
much attention to laboratory teaching. The popular wave of 1842-43 
did not soon expend its force, and in 1845 the Koyal — of 
Chemistry arose. 

I have mentioned these facts to show that the time had come to open 
a special college of chemistry. It could not have been created sooner 
than it was, because the demand would have been too limited. Two 
wise men deserve the chief credit for its foundation: I need scarcely 
say that they were the Prince Consort and the Queen’s physician, 
Sir James Clark. As I had the honour and privilege of a long con- 
tinued friendship with both of these great men, I may with advan- 
tage explain their reasons for desiring to found a special college of 
chemistry. They saw that all the chemical laboratories in existence 
in this country were mere accessories or subordinates to professional 
training; the students who entered them rarely desired to become 
chemists, but only wished to learn as much of the science as would 
be useful to them in their professions of doctors, lawyers, or engi- 
neers. This limitation sometimes took an exaggerated form, as it 
did in the case of a Turk, for example, who joined my laboratory and 
then told me he wished to learn no more chemistry than would help 
him to explain the doctrines of Paracelsus. The promoters’ of the 
Royal College of Chemistry therefore desired to found an institute 
apart from professional requirements, in which chemistry would be 
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studied for its own sake, with the expectation that many students 
might follow it as the occupation of their lives, and have an ambition 
to widen its boundaries by research. A college of this kind, without 
endowments, could not have been created unless there had been a 
strong popular feeling in its favour, and I have tried to show how 
that arose through Liebig’s influence. 

Science belongs to no country, and the reputation of Hofmann and 
the recommendation of Liebig clearly pointed him out as the director 
of the new college. He had qualifications of a remarkable kind for 
the position. As a teacher he was singularly interesting and lucid. 
He marshalled his arguments with great care, and as he brought 
them towards the conclusion, he increased in his persuasiveness and 
seemed to each individual student to take him into his special confi- 
dence as to the result. The lucidity of his explanations was admirable. 
I would quote as an instance his lecture on the metrical system of 
weights and measures; this lecture was the very best exposition of 
the subject that I have heard. A lucid power of exposition was 
essential to the teacher of a special school of science, but it was 
not the chief element of Hofmann’s success. Enthusiastic as an in- 
vestigator of scientific problems, he could impart his enthusiasm, 
if not his genius, to others: his pupils were led to extend his 
researches with great success, and to enlarge the boundaries of 
science in the directions which he indicated. If the College of 
Chemistry were as successful as I claim it to be, you may ask why 
did it disappear? It had no endowments, and depended to some 
extent on popular subscriptions. These were easy to obtain when 
chemistry had the temporary popularity which I described. Every 
landowner then thought that agricultural chemistry was to be his 
salvation. Liebig’s book was not a muck manual, and did not pro- 
duce the expected results; the College of Chemistry, however, went 
on its even course of promoting science for its own sake, but the 
support gradually dwindled. 

At this time, fortunately, I resigned my professorship, and Hof- 
mann succeeded me, carrying with him his college as the laboratory 
of the School of Mines. This was inevitable under the circum- 
stances, but it was not good for the College of Chemistry or for 
science. The original success of the college was due to its separate 
and independent existence: its absorption into the School of Mines 
contracted its original ideas, and made it subordinate to professional 
needs. No doubt Hofmann felt this, for he left England in 1864 to 
take up a professorship in Berlin. 

I hope that i am not too sanguine, but I should like to live to see 
a new college or institute of chemistry arise, like a Phoenix, from the 
ashes of the old one. Will the new Commission for a London 
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University stir among the not yet cold ashes of the old College, and 
allow the Phoenix to escape? If it is to be permanent, it must rest 
on endowment, and science will find another great man to act as 
Director. Such aspirations may not improbably be carried into 
effect, though their realisation may be delayed. When Lawes, with 
true munificence, determined to benefit agriculture by laboratory 
research, a Gilbert was at hand capable of carrying out his ideas. 
We may hope that the Chemical College of Hofmann may appear 
again in a new and more permanent form in connection with higher 
‘university teaching in London, as a supplement to, and not in com- 
petition with, the excellent laboratories in our colleges. 

I now yield my place to the pupils of Hofmann. They will tell 
you how precious his labours have been to the advancement of the 
science which we love. This is of infinitely more importance to the 
world than the incidental advantages which flow from the practical 
applications of abstract science. Nevertheless Dr. Perkin will, no 
doubt, tell you some interesting and startling facts in relation to 
these. Hofmann’s first research in the Giessen laboratory was upon 
the nature of coal tar. When he became Director of the College of 
Chemistry, he continued his researches, thinking of science only, not 
of practice. From them arose the great tar industry, especially in 
its relations to the production of colours. Though these originated 
in this country as an important industry, the Germans, from their 
better technical education, have now secured nearly nine-tenths of the 
production of artificial colours. 

Hofmann’s discoveries are our heritage in science. It is useful to 
us all to hold such an In Memoriam celebration as this. In reviewing 
Hofmann’s successful life, which has so enriched the fields in which 
he laboured, both old and young feel that we should like to live as he 
lived. In thinking of Hofmann, I recall one of my favourite verses, 
by Bailey. 

“ We live in deeds not years; in thoughts not breaths, 
In feelings, not in figures on a dial. 
We shouid count time by heart throbs. He most lives 
Who thinks most, feels the noblest, acts the best.” 
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The History of the Royal College of Chemistry and Reminiscences cf 
Hofmann’s Professorship. 


By Sir F. A. Aset, Bart., K.C.B., F.R.S., &. 


Nor from any unwillingness to undertake what can only be regarded 
as a labour of love, but from a conviction of the inadequacy of my 
powers, under overwhelming pressure of official work, to worthily 
accomplish that labour, have I hesitated to accept the task which my 
colleagues of the Chemical Society, and old fellow students of the 
Royal College of Chemistry, have pressed upon me, of placing on 
record some incidents connected with the earlier part of the career in 
London, of my beloved and revered master and friend, the late 
August Wilhelm von Hofmann. And, when I recall to mind the 
interesting account of the difficulties overcome in securing to England 
the services of the courageous and enthusiastic worker—that masterly 
organiser and matchless teacher—which his distinguished pupil, Dr. 
Tiemann, included in the admirable memorial-address delivered to the 
German Chemical Society last autumn, and the graphic outline which 
Hofmann, the real founder of the College of Chemistry, himself pub- 
lished, in 1871, of the early history of that school, under the title of 
A Page of Scientific History, I feel that it will indeed be difficult to 
impart to my brief recital any semblance of novelty, or any interest, 
additional to that which, for his many pupils, admirers and friends, 
invests all the circumstances of Hofmann’s career, or which may, 
perhaps, attach to such circumstances as that the narrator of 
this fragmentary sketch was one of the first students whose names 
were inscribed upon the register of the College of Chemistry, 
even before the services of Hofmann had been secured to it; 
that he was the first fortunate individual who was selected by 
the master from his pupils as assistant, and that, during the first 
five years of the struggling but vigorous existence of the New 
National School of Chemistry, it was his privilege and pride 
humbly to imitate, to the utmost of his youthful powers, the 
indetatigable devotion of the enthusiastic teacher to the interests 
of the School and its students, and, at the same time, to carry on the 
experimental work connected with some of the brilliant researches 
which, during that period shared, with his pupils, the untiring 
energies of that prince of investigators and giant for work. 

To Lord Playfair, the fellow student, colleague, and firm friend of 
Hofmann, we are greatly indebted for the interesting sketch with 
which he has favoured as, of the position of chemical instruction in 
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Great Britain at the period when the idea was first conceived, fifty 
years ago, of establishing an English School of Practical Chemistry, 
upon the basis of Liebig’s School at Giessen, which, at that time, had 
acquired a world-wide reputation, and to which students resurted 
from all parts of the world. 

The commencement of my own career as a chemist affords no bad 
illustration of the difficulties attending attempts by young beginners 
with very limited resources, to acquire a knowledge of practical and 
analytical chemistry, with a view to adopting the science as a pro- 
fession, half a century ago. The two or three establishments where 
chemical tuition was pursued to a very limited extent, were closed to 
young aspirants of that class; and, when my father remained un- 
deterred by the advice which my subsequent good friend, the late 
Robert Warington, gave him, not to think of letting his son pursue 
the study of chemical science as a future means of livelihood, on 
account of the very limited prospects of advancement in the pro- 
fession, the Royal Polytechnic Institution presented itself to him as 
the only place at which the fees demanded were within his means. 
I accordingly entered the laboratory of that dispensary of so-called 
popularised science, dazzled by the prospects of a brilliant future, 
presented to me by the clever popular lecturer of that time: only, to 
find that not even an attempt was made to impart to the deluded 
youngster the fragmentary superficial information of the Professor, 
and that the sole means which were left to him of acquiring some 
practical chemical knowledge, consisted in plodding, unaided, through 
Brande’s Manual, endeavouring to acquire experimental skill by 
preparing the elements and their compounds, according to the direc- 
tions there laid down, and to become acquainted with analysis by 
following the instructions for applying tests given in tabular form 
by Andrew Parnell. At the expiration of six months’ struggle to 
work steadily in this fashion, amid surroundings by no means con- 
ducive to perseverance, I quitted the Institution (in February, 
1845), armed with a testimonial certifying that my ‘‘ analyses and 
experiments had always been conducted with great skill and minute- 
ness,” and that the Professor could “ confidently recommend Mr. Abel 
to any appointment where a knowledge of practical chemistry may 
be required.” Failing to realise that my practical chemical education 
had attained the degree of completeness pourtrayed by this descrip- 
tion, I hailed with joy the tidings that a School of Chemistry was 
about to be established in London upon the Giessen type. Several 
other young men, who afterwards became prominent pupils of 
Hofmann, were in a similar position at that time, and so, when the 
temporary laboratories of the new college were opened in the autumn 
of 1845, there was a small band of aspirants impatiently waiting to 
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avail themselves of the benefits of the system of instruction which had 
* already acquired so high a reputation on the Continent, 

The importance of establishing in England an institution where the 
systematic study of chemistry, as a profession in itself, could be 
pursued, and where not only the acquirement of proficiency in syste- 
matic chemical analysis, but also the attainment of a knowledge of 
the art of chemical research, could be placed within the reach of a 
student of moderate means, had then become recognised by some 
prominent public-spirited men in England, mainly, in the first in- 
stance, through the intelligent representations and indefatigable 
exertions of Dr. John Gardner, the translator of the admirable little 
work of Liebig’s, entitled Familiar Letters on Chemistry, which most 
usefully contributed to awaken the public mind to the benefits to be 
derived from the pursuit of chemical research. Dr. Gardner was 
zealously assisted in his first endeavours to place the scheme upon a 
practical footing, by his intimate friend, Mr. J. Lloyd Bullock, one of 
Liebig’s earlier pupils, a fellow student of Hofmann’s at Giessen, who, 
already in 1843, was the head of a prominent pharmaceutical busi- 
ness in Conduit Street, and is now, at the ripe age of 82, almost as 
hale and active in mind and body as he was in those days. He 
recently directed my attention to the following incident in the early 
history of the College of Chemistry, of which I believe very few of 
those who have since been connected with that school have any 
knowledge. 

The sympathies of a number of prominent men had been 
enlisted, and promises of substantial support obtained, in 1843, in 
favour of a proposal to establish in London a National Practical 
School of Chemistry, by means of a very skilfully prepared pros- 
pectus; it was there pointed ont that the progress of Liebig’s 
Giessen School had been watched with deep interest in England, 
where the researches of that great chemist and his pupils had already 
given a most important impetus to agriculture and national in- 
dusiries ; so that the want of such a school in this country, and the 
benefits which would accrue therefrom in manifold directions, couid 
not but be recognised. In the autumn of that year Messrs. Gardner 
and Bullock induced the then Professor of Chemistry at the Royal 
Institution, Mr. W. T. Brande, to bring this prospectus before the 
managers, together with a carefully prepared scheme for establishing 
the scientific section of a British School of Practical Chemistry 
within the walls of the Royal Institution. In the preparation of 
this scheme, Messrs. Gardner and Bullock must evidently have had 
the assistance of Professor Brande, who appears to have been favour- 
ably impressed with the proposal. 

‘The appointment of a Standing Committee of Management was 
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proposed, to consist of members of the Royal Institution and other 
men of science, of agriculturists, medical men, and of chemists and 
draggists. One of the earliest steps to be taken was to approach 
the Government through the Board of Trade, with the view of obtain- 
ing State aid. The fees to be charged to students were to be fixed 
at a very moderate amount, it being proposed to support the School 
by funds independent of those derived from fees. When these funds 
had been secured (to quote the scheme) the School was to be “ estab- 
lished upon a broad basis” ; the scientific section was to be capable of 
receiving 30 or 40 pupils; a Professor was to be appointed at a salary 
adequate to secure his undivided attention to the great purposes of 
the School; and it was considered that, if a thoroughly competent 
man were appointed from one of the great German Schools, a com- 
mencing salary of £250, with a liberal share of the students’ fees, 
would offer sufficient inducement to secure the services of a man of 
acknowledged eminence. 

The scheme proceeded to indicate that the premises in Albemarle 
Street were adequate to provide a capacious laboratory, where chemi- 
cal science could be practically taught, and in which each student 
would have a separate working bench; the establishment was t 
include a private room and laboratory for the Professor, a balance 
room, an apparatus room, and store rooms. The plans for fitting up 
the laboratories were given in some detail. The scheme included the 
provision, apart from the scientitic school, of a practical laboratory for 
the pursuit of studies on the most important applications of chemistry ; 
this it was proposed should be placed under the direction of Mr. 
Lloyd Bullock, subject to the supervision of the Professor, and it 
was to be established in capacious apartments in George Street, 
Hanover Square (which became the temporary laboratory of the 
College in 1845). Mr. Bullock proposed to offer his services for the 
benefit of the practical school gratuitously. Lastly, it was con- 
sidered that the provision, by subscriptions or grants, of an annual 
income of £800 to £1,000, would suffice for the maintenance of the 
School. 

The managers of the Royal Institution referred this scheme, in 
November, 1843, to Professors Brande and Faraday, who reported 
favourably on the objects of the proposed School to the managers at 
their meeting on the 4th December, 1843. Messrs. Gardner and 
Bullock were therefore invited to attend to give explanations, and it 
was afterwards resolved that the subject be again referred to the 
Professors for a further report, which was presented by them on 
December 19th. In this report, after a brief discussion of the scheme, 
Messrs. Brande and Faraday stated that the existing laboratory in 
Albemarle Street, with the room and cellars beyond, would appear 
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to afford sufficient accommodation for the scientific school. The 
School of Chemistry (lectures) for medical students and others, con- 
ducted by Mr. Brande, would be thereby displaced, but, from con- 
sultation with Mr. Vulliamy, he was satisfied that accommodation for 
his courses could be provided in the Model Room, the models being 
transferred to the Battery Room. It appeared, therefore, ‘“ that place 
could be made for the School in the Royal Institution, but at a loss 
of many conveniences to itself and its Professors.” 

The words with which the report concludes illustrate in how 
thoroughly impartial a manner the eminent Professors of the Royal 
Institution dealt with a proposal which, if carried into effect, could 
not but have seriously interfered with their convenience and comfort 
in the pursuit of their work at Albemarle Street, and especially so in 
the case of that indefatigable investigator the resident Fullerian Pro- 
fessor of Chemistry. They say— 

““The result of our consideration is strong approval of the end 
proposed, and a desire that it may be carried out in the Royal Insti- 
tution if it can be done well. We venture to submit our impression 
in such a form to the managers that, if approved, the degree of 
approbation and assistance which the Royal Institution may be willing 
to give be expressed as follows :— 

“Considering the great object of the advancement of chemical 
science and of good to the community contemplated by the establish- 
ment of the proposed School, and the perfectly disinterested inten- 
tions and views of its promoters and supporters, the Royal Institution 
is willing and anxious to aid such an object as far as it can, con- 
sistently with the rights and privileges of its members; and if 
hereafter the proposers are in possession of names of supporters 
and pecuniary means sufficient to carry out the objects proposed, the 
managers will on their part be prepared to recommend to the 
members of the Royal Institution the appropriation of apartments 
in the house for the purposes of a scientific laboratory for the pro- 
posed School.” 

The report of the Professors evidently received very careful and 
anxious consideration by the managers, and the subject was also 
exhaustively discussed in correspondence between the Secretary, the 
Rey. Mr. Barlow, and the President, Lord Prudhoe (afterwards Duke 
of Northumberland). Upon a resumption of the discussion on 
the report, the week following its presentation, Professors Brande 
and Faraday informed the managers that after a closer examination 
of the limited space within the walls of the Royal Institution, and 
a careful consideration of the room required for the great and 
increasing stock of apparatus, minerals, and books, it appeared to 
them impracticable to afford accommodation to the proposed School, 
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whereupon the managers requested the Secretary to intimate to 
Messrs. Gardner and Bullock their regret that the space at their 
disposal was too limited to justify them in acceding to their request.* 

The indefatigable promoters of the scheme for the establishment 
of the British School of Practical Chemistry did not relax their 
exertions after the failure of their negotiations with the Royal Insti- 
tution, and continued to secure important accessions to the list of 
its supporters. Ata public meeting held at the temporary offices of 
the College of Chemistry in St. Martin’s Place, on the 29th July, 
1845, a definite form was given to the proposed Institution, and, after 
the election of a Council and certain executive officers, the first, all- 
important, subject which received anxious consideration was the 
appointment of a Professor. One of the earliest and most prominent 
supporters of the movement was the amiable and accomplished 
Physician in Ordinary to the Queen, Sir James Clark, Bart., who 
became at the outset one of the staunchest and most active workers 
in the interests of the College of Chemistry, and an invaluable friend 
of the first Professor, and who was soon afterwards associated in both 
capacities with the Hon. William Bingham Baring, afterwards Lord 
Ashburton. 

In Hofmann’s interesting Puge of Scientific History he points out 
that there was at that time no lack of most excellent chemical lec- 
turers in England, and that, indeed, the style of experimental lecture- 
illustrations in general use in England was greatly superior to that 
which then prevailed in Germany and other parts of the Continent ; 
but that the greatest want felt was easily accessible, efficient instruc- 
tion, not only in systematic chemical analysis, but also in methods 
of conducting experimental inquiry, and it was with a view to meet 
this want that it was decided to follow the counsel of Sir James 
Clark, and apply to Liebig to select a suitable man from among his 
own assistants or past pupils for the appointment of Professor to 
the new College. 

The story of the circumstances which secured the services of 
Hofmann for the foundation and development of the College are 
graphically narrated by himself in his Page of Scientific History. 
The refusal of the appointment successively by Fresenius, then 
already Professor at Wiesbaden, and by Will, Assistant Professor 
at Giessen, and the desire of Hofmann, at that time “ Privat 
Docent ” at Bonn, to accept it, mingled with the natural hesitation 


* Since this was read to the Chemical Society, in May, 1893, the proposal 
favoured by Professors Brande and Faraday has been thoroughly realised, through 
the munificence of Mr. Ludwig Mond, by the establishment of the “‘ Davy-Faraday 
Research Laboratory,” adjoining the Royal Institution, and under the direction of 
its managers.—F. A. A. 
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to risk, through the occupation of a possibly precarious position, 
the serious interruption of a bright career just commenced at the 
Rhenish University ; the happy solution of the difficulty through the 
gracious and invaluable intervention, at the instigation of Sir James 
Clark, of the late Prince Consort, who had from the first taken a 
warm interest in the proposed establishment of the English Chemical 
College, and who happened to be staying with the Queen at Briihl 
when the negotiations were proceeding ; the appointment of Hofmann 
as Extraordinary Professor at Bonn, accompanied by an immediate 
grant of two years’ leave of absence, so that he might at once re-enter 
upon his career in Germany should the English enterprise fail; his 
speedy departure for England, and the commencement of operations 
in the temporary laboratories of the College of Chemistry in George 
Street, Hanover Square, in October, 1845: all these incidents in the 
early history of the College have been recounted in interesting 
detail by Hofmann himself and by his pupil and brother-in-law, 
Dr. Tiemann. 

For the first session, 26 students had entered, and among these 
were Warren de la Rue, F. A. Abel, E. C. Nicholson, Henry How, 
Thomas Rowney, C. L. Bloxam, and Robert Galloway. The labora- 
tories in George Street were fitted up in temporary and very econo- 
mical fashion, and I well remember the energetic way in which 
Hofmann set to work immediately upon his arrival in London, 
aided by the amiable young Herman Bleibtreu, whom he had brought 
with him as a temporary assistant, and whose quaint semi-military 
attire and imperfect English were a little trying to the powers of 
control of some among the younger students of the first session. 

Hofmann’s complete sway over his pupils was at once secured by 
his indomitable perseverance and inexhaustible patience with the 
dullest, his earnestness of manner—his clearness of exposition, 
rendered additionally attractive by an inherent quaintness and a 
power of happily rendering German expressions into graphic English. 
Those first two sessions of the College, in the scantily equipped 
laboratories, with makeshift contrivances of the crudest character, 
and an utter absence of any convenience for conducting investiga- 
tions, must have been a sore trial of patience and powers of endurance 
to the impetuous young teacher, and to the enthusiastic worker, 
whose only recreation was the pursuit of original research. When 
to these circumstances is added the mental strain involved in the 
almost continuous pursuit of instruction and discussion in a foreign 
language for at least eight hours daily, to say nothing of continued 
anxious consultations with the Council and officials of the College 
regarding ways and means; the heavy work connected with the 
erection and equipment of the permanent laboratories; the grappling 
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with the problems of muintaining and fostering public interest in the 
Institution, and of keeping current expenses within very moderate 
bounds,—it is self-evident that no small moral courage and powers of 
endurance were needed for the successful accomplishment of these 
duties, and for the maintenance of the confident and apparently light- 
hearted demeanour, and of the power of instilling into others con- 
fidence of future success, which were peculiarly characteristic of 
Hofmann in those days of supreme difficulty. But these very 
characteristics, added to his genial and charming manner, high flow 
of spirits, and originality in conversation and correspondence, secured 
to him devoted friends, not merely among colleagues and pupils, but 
in whichever direction social intercourse was opened up to him. Just 
as his earnestness of purpose and enthusiasm kindled corresponding 
qualities in a large proportion of his pupils, so also his sanguine 
temperament and airy treatment of difficulties maintained, among 
many of the early friends and important patrons of the struggling 
Institution, a steadfastness of purpose which otherwise would doubt- 
less have speedily waned. 

Among the most prominent of the first students at the College, 
there was one who at once exercised a very marked beneficial influence 
in establishing a spirit of emulation, combined with good fellowship, 
among the younger students, and who speedily became one of Hof- 
mann’s most intimate and most useful friends; it is almost needless 
to say that I refer to Warren de la Rue. A bright example to all in 
industry and unflinching perseverance, manipulative skill, and 
methodical work; of calm courage and presence of mind in the face 
of sudden emergencies such as are bound to arise occasionally in 
laboratories where a great variety of experimental work is in pro- 
gress; the embodiment of amiability, ever ready to lend a helping 
hand, in whatever direction it might be needed; now acting as sagacious 
adviser in difficulties; now as arbitrator in disputes or differences 
which would occasionally arise between fellow students; always 
active in the interests of the school ;—no man could have made himself 
more universally beloved than De la Rue. There can be no doubt 
that he laboured as importantly, as he did unobtrusively, for the good 
of the College in the days of its greatest troubles, and was a power- 
ful support to the Professor in his constant battles against formidable 
difficulties with which, suddenly launched as he had been upan a new 
career in a strange land, he would indeed have found it much harder 
to grapple successfully, in the absence of two such trusty friends and 
able supporters as Sir James Clark and Warren de la Rue. 

There is but one opinion among those who can appreciate the 
stupendous difficulty of the task so brilliantly accomplished by Hof- 
mann, in placing the College of Chemistry upon a sure foundation, 
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and in securing to it, within a very few years, a high position among 
the chemical schools of Europe ;—that his success was ascribable to 
the possession of a happy and rare combination of the highest talents 
as a teacher with exceptional powers as an investigator, inexhaustible 
industry and energy, and an enthusiasm not to be subdued by any 
obstacles ; a characteristic quality possessed in the highest degree by 
his great master, Liebig. 

It was Hofmann’s rule, to which, during the continuance of my 
stay at the College he strictly adhered, to visit each individual student 
twice during the day’s work, and to devote himself as patiently to the 
drudgery of instructing the beginner, or of helping on the dull scholar, 
as he did, delightedly, to the guidance of the advanced student, whom 
he would skilfully delude into the belief that the logical succession 
of steps, in making the first investigation which the master had 
selected for pursuit by the pupil, was the result of skill in research 
which he had already attained, instead of being simply or mainly 
the skilful promptings of the great master of original research. 

It was not until the work of the College had been well established 
in the new iaboratories in Oxford Street that Hofmann began to give 
courses of lectures; but even in the first session he would occasionally 
deliver, at the bench of a particular pupil, short expositions of certain 
subjects, addressed to the body of the students in the laboratory, 
which were very attractive in style and matter, and always listened 
to with great attention. 

In some interesting nctes about Hofmann, which have been very 
kindly shown to me by Professor McLeod, who was his favourite 
lecture-assistant some considerable time after I had quitted the 
College, he testifies to the remarkable knowledge of English, and 
powers of expression therein, possessed by Hofmaun; to the attrac- 
tiveness of his manner, and to the way in which he carried his 
audience with him by his enthusiasm; so that his great tendency to 
exceed, and somewhat considerably, the usual hour, never gave rise 
to impatience or fatigue with the young students. He devoted much 
time to the suggestion or contrivance of lecture illustrations, and was 
very particular in having his discourses appropriately, but not pro- 
fusely, illustrated by experime 

To return to the early days >f the College: its promoters having 
succeeded in securing premises n Hanover Square suitable for official 
and residential purposes, with an open space in the rear, facing 
Oxford Street, plans for a set of commodious laboratories were 
speedily prepared under Hofmann’s guidance and with valuable aid 
from Warren de la Rue, and the first stone of the building having 
been laid by the Prince Consort on the 16th June, 1846, the third 
session of the College was actually commenced in the new labora- 
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tories in October of that year. In the second session, beginning in 
March, 1846, 37 fresh students had entered, making 63 in all, and 
the two small temporary laboratories in George Street became in- 
conveniently crowded. Among the new men were the much-beloved 
and lamented Charles Mansfield, whose terrible death affected Hof- 
man deeply; Frederick Field, Poet Laureate of the College, who 
became one of Hofmann’s favourite pupils; George Merck, of 
Darmstadt; Henry M. Noad, and Bransby Cooper—all, long since, 
passed away. At the beginning of this session I was appointed by 
the Professor to help Dr. Bleibtreu, and afterwards Dr. Blyth, in the 
work of elementary instruction, and of maintaining the equipment of 
the temporary laboratories, and, towards the close of that session, 
two of my fellow students (dear friends of mine, whom their master 
long outlived) were selected by the Professor for similar posts of 
honour and hard work; Edward Chambers Nicholson, and the com- 
paratively very youthful pupil Charles Loudon Bloxam; the first 
possessed of veritable genius as a preparateur (having already 
acquired some considerable skill during a brief apprenticeship in the 
business of Mr. Lloyd Bullock); the second, exhibiting at the very 
outset a marked predilection and talent for tutorial work. 

A highly busy time we three young fellows had of it during the 
summer vacation of 1846, in the back kitchen and scullery of the 
house in Hanover Square (the George Street laboratories being in 
course of dismantlement), preparing the material for stocking the 
sets of reagent-bottles for over 60 students; finding time also. for a 
little special experimental work. Thus, Schénbein having then 
recently published his instructions for the production of gun-cotton, 
{ prepared a somewhat considerable quantity of that material (little 
dreaming that, 15 years later, I should begin to become in some 
measure identified with it); and the small remnant which I have 
still preserved of that preparation, bears witness to the care with 
which its purification was accomplished and consequent stability 
secured by the young student. Our activity in the basement of the 
College premises in Hanover Square during the summer and autumn 
of 1846 must, however, have been less to the taste of the immediate 
neighbours than to ourselves and cur Professor, for, in the minute- 
book of the College Council, is recorded a resolution, dated October 
of that year, directing the immediate removal of all chemicals and 
laboratory operations from the kitchen and other apartments into the 
laboratory. 

The new establishment in Oxford Street included a small private 
laboratory for the Professor, and, before the close of the year, 
Nicholson was already busily engaged therein upon the work of 
research which Hofmann at once resumed with an ardvur intensified 
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by the compulsory abstention from the delight of his life—to which 
he had been compelled for a time to submit. The first investigation 
upon which Nicholson had to work was on the action of cyanogen 
on aniline, toluidine, and cumidine, while he, at the same time, 
carried out, under Hofmann’s directioa, his own first investigation 
on the compounds of phosphoric acid and aniline. My time was 
divided between the duties of teaching, which I shared with Bloxam 
as my junior (for a time under that most amiable and painstaking 
teacher, Dr. John Blyth, who had been appointed Assistant-Pro- 
fessor), and the work of another branch of Hofmann’s prolific aniline 
researches, viz., the investigation of the action of chloride of 
cyanogen and bromide and iodide of cyanogen upon aniline (from the 
effects of which my eyes suffered permanently). At the same time, 
I also carried out my first organic investigation and the analysis of 
the mineral waters of Cheltenham. In the latter and other analytical 
research work I became associated with another fellow-student, 
Thomas H. Rowney, whom Hofmann appointed as his first lecture- 
assistant. 

It is difficult to estimate the full value, to the individual concerned, 
of the severe work, and the many-sided training, which an assistant 
of Hofmann experienced, more especially in those eariiest days in the 
history of the College of Chemistry. Dr. Tiemann quotes from 
important materials for a biography of Hofmann which Dr. Max 
Kopp has prepared, the following words of the latter in referring to 
some of his former master’s earlier stupendous investigations :— 
“Thank God, what cause we have to admire, besides our master, the 
patience and powers of endurance of the assistants of those days ;” 
and certainly the work which we then accomplished in the arduous 
but happy life we led was well worthy to be called hard work. As 
an illustration, | venture to sketch, in a few words, the routine 
which for five years I pursued as assistant at the College of 
Chemistry. A walk of about five miles brought me to the College 
before nine, the students’ hours being from nine to five. The work 
of teaching, and attention to the requirements of the students, 
then went on continuously, simultaneously with the conduct of 
research work, and with the incidental production of materials for 
that work. One-half of my table in the principal laboratory was 
devoted to the operations connected with the Professor’s investiga- 
tions; the other half to my own researches. Ever and anon a 
student would come for assistance and advice, which Jed to my 
experimental work being of a somewhat perplexingly intermittent 
character. Hofmann began his first round among the students at 
half-past nine, and, having completed this, he divided his attention 
between the research work in Nicholson’s hands and that with which 
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1 was entrusted. A roll and butter or some biscuits, devoured while 
work was going on, constituted my midday meal, and I reached 
home at half-past six, frequently returning to the laboratory in the 
evening to carry out combustions (which Nicholson and I learned to 
do in couples, with charcoal fires, be it remembered) or other special 
operations, or to work out results, discuss them and prepare papers, 
with the Professor, or to make some progress with my own investi- 
gations, returning home late at night. When not thus employed, 
the evenings were devoted to the coaching of students, at from three 
to five shillings the hour, or to literary work, such as the translation 
of the Jahresberichte of Liebig and Kopp, for its English editors, 
Hofmann and De la Rue, so as to supplement the magnificent 
income of £40 a year, upon which we assistants were “ passing 
rich.” One evening weekly we had a students’ meeting for papers 
and discussions, which Hofmann used to make a point of attending 
and taking part in. When the two months’ vacation-time came 
round, we assistants used to take, at the most, a fortnight, for there 
was much to be done to prepare the laboratories for the next 
session’s work ; and, before his departure for his well-earned holiday 
in Germany, the Professor left his assistants a liberal allowance of 
work to be performed by his return: such as the preparation of a 
supply of aniline from indigo, the development of new methods for 
the production of materials for his researches, the analyses of new 
products, or the construction of special apparatus. But the life, 
although somewhat arduous, was a thoroughly happy one; who 
would not work, and even slave, for Hofmann? It was a rich 
reward to receive a word of commendation of a skilfully constructed 
piece of apparatus (for in those days very much had to be accom- 
plished with tubes and corks and sheets of india-rubber) ; or to hear 
an expression of contentment at a successful distillation for aniline 
(the production of a few ounces being a proud achievement) ; or the 
attainment of a good instalment of analytical results. Hofmann 
highly appreciated skilful work; manipulative dexterity being his 
weak point (he used to tell us that, in his student’s days, all his 
fingers were thumbs, and that he could hardly handle a test tube 
without “scranching” it). There was an indescribable charm in 
working with Hofmann; in watching his delight at a new result, or 
a successful operation ; or his pathetic momentary depression when 
failure attended the attempt to attain a result which theory indi- 
cated. ‘ Another dream is gone,” he would mutter plaintively, with 
a deep sigh; but not for long was he despondent. “ Never mind,” 
he would soon exclaim, “ we shall have it to-morrow!” His inherent 
buoyancy of spirits helped him through all trials, of which those 
relating to official and personal concerns, or domestic sorrows, of 
VOL, LXIX. 2s 
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which he experienced many in quick succession, were apparently as 
nothing compared with the failure, for the time, to achieve the 
result which his sagacity predicted, and which sooner or later he 
attained. 

The students who, during my career at the College, which termi- 
nated early in 1851, were advanced by Hofmann to the post of 
Assistant, partly to help with the general work of instruction and to 
prepare and assist at his lectures, and partly to work at his 
researches, were Abel, Nicholson, Bloxam, Rowney, Brazier, and 
Medlock; several of my colleagues left soon after my departure, and 
the subsequent roll of student-assistants included many names since 
well known in the scientific world, and many old Fellows of the 
Chemical Society : Crookes, Spiller, Tookey, Reginald Morley, J. 8. 
Abel, Ansell, Church, Matthew Johnson, H. M. Witt, McLeod, 
Groves, Valentin, Barrett, Bassett, Vacher, O’Sullivan, and Rey- 
nolds; and the private assistants, who were exclusively employed 
upon his researches, embraced a succession of well-known German 
names, of which several have become famous: P. W. Hofmann, 
Fischer, Fries, Bopp, Griess, Férster, Ulrich, Martius, Olshausen. 
Willbrand, Sell, and Geyger. 

When the Assistant-Professor, Dr. Blyth, left the College to 
become Professor at Queen’s College, Cork, an old fellow-student of 
Hofmann’s, Sheridan Muspratt, occupied for a short time the post of 
Honorary Assistant-Professor, and another Giessen student of more 
recent date, Dr. David S. Price, was also for a time an Honorary 
Assistant at the College. 

There can be no doubt that one of Hofmann’s talents which most 
importantly contributed to his eminence as an industrious and suc- 
cessful investigator, was his faculty of gauging the powers and 
special qualifications of those who studied under him; it enabled 
him to select the fittest workers to aid him in the rapid and success- 
ful development of a great diversity of researches, and also to direct 
their special talents and energies into channels which his prolific 
mind suggested, and the exploration of which, by those whose powers 
he, in the first instance, discovered and fostered, laid the foundation 
to the practical usefulness, or the scientific eminence, which many 
have attained who are now glad and proud to remember that they 
were the pupils of Hofmann. 

A glance at the contents of two volumes published in 1849 and 
1853, entitled Reports of the Royal College of Chemistry and Researches 
conducted in the Laboratories, affords interesting illustrations of the 
manifold directions in which Hofmann guided the students to whom 
he opened up the inexhaustible fields of original research, and of the 
fertility of mind which, while he himself was conducting simul- 
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taneously several investigations, continually branching off into new 
ramifications, enabled him to suggest a multitude of fresh subjects 
for work to his students—many of which developed into researches 
of considerable importance—and to hold the guiding strings of all 
firmly within his grasp. 

Mindful of the importance, to the struggling Institute of which he 
was the head, of enlisting and maintaining the interest of representa- 
tives of professions, industries, commerce, and of landed property, in 
its work, and of fostering faith in its utility, he encouraged advanced 
students of a mechanical turn of mind to undertake analyses of 
waters, soils, ashes of plants, minerals or alloys, or to seek to im- 
prove existing, or devise new, analytical methods, or new forms of 
apparatus; but there is no question that he best loved to place in 
the hands of his most capable pupils one or other of the many 
problems in organic chemistry in the solution of which he took » 
paramount interest. Hofmann’s assistants well remember an in- 
separable pocket companion of his; a small memorandum book, in 
which he kept a numbered series of subjects for research, and to 
which additions were frequently made ; from these he selected, from 
time to time, the subject which he placed in the hands of a sufli- 
ciently advanced pupil for investigation. 

The two volumes to which I have referred record the original 
papers published during the first five years of the College’s existence ; 
they embrace 21 researches in organic chemistry by 19 different 
pupils, and 15 analytical and other papers in inorganic chemistry by 
14 different pupils. But they also include a series of nine of Hof. 
mann’s earlier memoirs on the volatile organic bases, besides othe 
researches of much interest conducted by him during those five years 
of ceaseless activity. In the two or three years following, the 
number and importance of published memoirs emanating from the 
College of Chemistry was at any rate maintained, and some valuable 
technical investigations were, in addition, carried out by Hofmann 
dn conjunction with Professors Grahem, Miller, and Redwood. 

I have already referred to Hofmann’s intimate knowledge of Eng- 
lish, even in the first days of his advent here, and of the immediate 
success which was secured by his lucidity of exposition, even although 
many of his expressions were at first somewhat literal renderings of 
hhis German thoughts. His mastery of the language was extremely 
rapid, as was testified by the success of two or three most interesting 
lectures which he delivered to general audiences (subscribers to the 
College) within two years of his appointment, and by the “ Remarks 
on Experimental Science” and “ Introduction to Researches,” which 
constitute the charming and most suggestive prefaces to the first 
wolume of the researches conducted in the laboratory of the College, 
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and were written between three and four years after his arrival in 
England. No one could doubt, who saw him and listened to him, 
when lecturing or taking part in a discussion, that he thoroughly en- 
joyed public speaking, and no one was followed with closer attention, 
or with greater interest and enjoyment, than Hofmann when giving 
the substance of a new research, or taking part in a discussion at this 
Society’s meetings. It cannot be denied that he was somewhat vain 
of his English ; thus, in going through papers prepared by his Eng- 
lish students for publication, he did not confine his criticisms to the 
matter of the treatise, but would not hesitate to alter the language in 
conformity with his view as to the correctness or appropriateness of 
expressions or composition. In the preparation of his many memoirs, 
reports, and addresses he was extremely painstaking, and such truly 
classical treatises as his discourse “On Ammonia and its Derivatives,’”” 
published in the Journal of the Chemical Society in 1858, and his 
report on “ Chemical Products and Processes,” prepared in connection 
with the International Exhibition of 1862, are monumental illustra- 
tions of the thoroughness of his writings. His speeches on festive 
occasions were a source of much interest to the listeners and of 
pleasure to himself. The reference to the Exhibition of 1862 recalls to 
my mind the happy speeches which he delivered in French, German, 
English, and Italian, when presiding over an entertainment given at 
Greenwich to the foreign members of the juries, and some there are 
here present, though, alas! the ranks have been terribly thinned, of 
his old pupils who will vividly recall to mind that splendid speech in 
which he bade farewell to them on the occasion of the parting 
banquet given to him in 1865 by the majority of those who had 
worked under him at the College of Chemistry. 

His famous orations in German, on two recent memorable occa- 
sions at Munich and Gottingen, are still fresh in the memory of his 
many friends here and abroad; but among his many memorable 
addresses there is one which is invested with a special pathetic inte- 
rest—the affecting memorial speech which he delivered at the German 
Chemical Society on the death of his much-loved friend and fellow 
student, Hermann Kopp, who succumbed to a long and painful ill- 
ness but a few weeks before Hofmann was so suddenly called away. 

Hofmann’s life should, and must, have been a very happy one, 
even although it was often clouded by domestic calamity. He 
attained to honours and dignity which were tokens of full official and 
public recognition of his high merits and of valuable services rendered 
to science and the State. Ample resources and a vigorous constitutiom 
enabled him to devote to the great pursuit of his life—research—the 
little leisure his professorial, literary, and official duties left him. 
Moreover, he possessed in the highest degree the faculty of making: 
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friends. To be his pupil was to become attached to him—the patient 
teacher, the enthusiastic worker, the cheering and brilliant com- 
panion, to whom it was a pride and pleasure to render service; he 
readily made and bound to himself powerful and influential friends, 
and was cordially welcomed wherever he went. He was treated with 
much kindness by the Queen, and by the Prince Consort who paid 
repeated visits to the laboratories of the College of Chemistry; he 
several times delivered lectures at Windsor Castle. Upon his ap- 
pointment at Berlin he was at once most graciously received by the 
then Crown Princess of Prussia, the Empress Frederick of Germany, 
who recently spoke to me of her great sorrow at the death of her dear 
master and friend, as she called him, and of her high admiration of 
his talents and character. 

The ease with which Hofmann made friends at the very outset of 
his London career, and the rapidity with which he adapted himself 
to English customs and mode of life, combined to speedily make him 
thoroughly at home here, and strongly attached to England and the 
English. Even after his return to Germany he was fond of speaking 
of England as his adopted country, and I remember in 1849, when 
replying tomy inquiry whether he had enjoyed his summer vacation 
in Germany, his saying that he never felt thoroughly at home until 
he once more trod the London pavement. 

The following passages from a charmingly worded German letter. 
addressed by Hofmann to the Prince of Wales, who, as President of 
the Society of Arts, wrote to him in 1882, congratulating him upon 
being the recipient of the Albert Medal, illustrate the pleasure with 
which, whenever occasion offered, he referred to his career in 
London. 


“The gracious words of your Royal Highness carry me back to 
the most charming period of my youth—to the time when the August 
Father of your Royal Highness, the ever memorable Prince Consort, 
exercised a most important influence upon my destiny—as he did 
upon those of many—by determining the direction of my future life. 
I shall never cease to be thankful for the fortunate combination of 
circumstances whereby I was brought into contact with the high- 
minded Prince, whose active sympathy opened up to me, at a com- 
paratively early period of my life, a sphere of action in the English 
metropolis, replete with stimulation and instruction, such as never 
could have been secured to me by my personal exertions. 

“Your Royal Highness will therefore appreciate the depth of feel- 
ing with which I receive from the hands of the Son, the medal fornded 
in memory of the Father, and the profound emotion with which I gaze 
upon the faithful reproduction of the noble features of the so-early 
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departed one, to whom I, in reality, am indebted for the honour now 
bestowed upon me. 

“With the assurance that the Albert Medal and the letter of your 
Royal Highness which accompanied it will be inherited by my family 
as an inseparable legacy, 

“Tam, Sir, 
‘** Your faithful servant, 
“A. W. Hormann.” 


I have endeavoured in this notice to present to the Fellows of the 
Chemical Society some details of interest relating to the foundation 
and early history of the School of Chemistry with which the name 
of Hofmann is identified, and to pourtray some characteristics of this 
eminent chemist, more especially in the capacity of teacher. 

With the nature of the multifarious invaluable research work 
which he has accomplished I have not ventured to deal in any way ; 
the interesting task of reviewiog that work is in much abler hands 
than mine—in the hands of one of Hofmann’s most distinguished 
pupils, of whose achievements he has often spoken and written in 
glowing terms; whom I envy the splendid work he himself has 
accomplished and is still pursuing with undiminished ardour; and 
who, free from the trammels of official life, has been able to keep pace 
with, and continue intimately concerned in, the rapid strides which 
chemical science has made since, half a century ago, the cultivation 
of that science became a branch of national education in this Country 
through the invaluable combination of circumstances which placed 


England under a lasting debt of gratitude to August Wilhelm von 
Hofmann. 


The Origin of the Coal-Tar Colour Industry, and the Contributions of 
Hofmann and his Pupils. 


By W. H. Perkin, Ph.D., D.C.L., F.R.S. 


The illustrious man whose lifework we are called on to commemo- 
rate, was well known to very many of us, especially those who had 
the privilege of being his students and assistants. We can all recall 
the pleasure and interest with which we listened to the lucid and 
graphic accounts of his researches which he used to bring before the 
Chemical Society in years gone by; and great was felt to be the loss, 
not only to us, but*also to the country, when he left it for his 
fatherland: but now we mourn a far greater loss, and one which 
we realise more and more deeply as we consider the incidents of his 
remarkable career—a career of such incessant activity and brilliant 
achievement. 


—— 
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I am charged with a duty which I wish had been placed in more 
capable hands than mine: to give an account of the rise and progress 
of the coal-tar colour industry, and its relation to the Hofmann 
school; and, as being connected with its commencement, I am 
requested to make the account to a large extent autobiographical—a 
part of my task whica it would have been more agreeable to me to 
have seen undertaken by others rather than myself. 

This industry holds an unique position in the history of chemical 
industries, as it was entirely the outcome of scientitic research. We 
have to go back to 1825, when Faraday discovered benzene, or, as he 
then termed it “ bicarburetted hydrogen,” for the first investigation 
which clearly bears upon the subject. Faraday separated the hydro- 
carbon from the liquid products condensed on compressing the 
gas obtained from oil. A year later (1826), Unverdorben obtained 
aniline by the mere distillation of indigo, and called it “ crystalline.” 
Runge afterwards obtained it from coal-tar oil, and having observed 
that it produced a violet-blue coloration with chloride of lime, called 
it “‘kyanol.” It was subsequently obtained from indigo by Fritsche 
by distilling this colouring matter with caustic alkali. We then 
come to the important work of Mitscherlich, who obtained the hydro- 
carbon benzene from a new source, namely, benzoic acid,—whence 
the name, and produced from this nitrobenzene. Zinin subsequently 
found that benzidam, as he termed it, could be produced by the action 
of sulphuretted hydrogen in presence of ammonia on an alcoholic 
solution of nitrobenzene. 

This brings us to the commencement of Hofmann’s researches on 
aniline, a substance which he used sometimes to speak of as his 
‘first love.” In his first published paper he showed that Unver- 
dorben’s crystalline, Runge’s kyanol, Fritsche’s aniline, and Zinin’s 
benzidam were all the same compound, for which he afterwards 
selected Fritsche’s name, aniline. Later on, Hofmann and Muspratt 
prepared toluidine from toluene from tolu balsam. 

The work on the separation of aniline from tar was done before 
the date of Hcfmann’s coming to this country, viz., in 1843. After 
his arrival here in 1845, he continued his researches, and, to realise 
something of his indomitable perseverance, it is necessary to re- 
member that, until the coal-tar colour industry was established, 
practically all the aniline he osed in his numerous enquiries was 
procured by the laborious and costly process of distilling indigo with 
potash. 

In 1843, organic chemistry was still in its infancy, and coal-tar 
naphtha had not yet been investigaled. Runge had isolated carbolic 
acid, pyrrol, kyanol or aniline, and leucol or quinoline. Naphtha- 
lene was well known to exist in tar, having been separated by 
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Garden, as early as 1820. Dumas had discovered paranaphthalene 
or anthracene, and chrysene and pyrene had been referred to by 
Laurent, but these were very doubtful compounds. This was abont 
all that was known of the composition of coal-tar at that time. 
Hofmann showed, in 1845, that benzene must exist in the naphtha, 
as he found that aniline could be produced from it, but he never 
aeparated this hydrocarbon ; shortly afterwards, however, he induced 
his pupil, Charles Mansfield—of whom he always spoke in the highest 
terms—to undertake the investigation of the liquid hydrocarbons of 
coal-tar. 

On reading over the account of Mansfield’s investigation, and bear- 
ing in mind that in those days fractional distillation was conducted 
in old fashioned glass retorts with the thermometer in the liquid, it 
is impossible not to admire the patience and perseverance he exer- 
cised, as well as the systematic aud skilful manner in which he 
worked. 

All who have undertaken fractional distillations, even with all our 
present knowledge and improved apparatus, know how difficult it is 
to detect and isolate products in a mixture such as coal-tar naphtha. 
Yet Mansfield obtained benzene iu a pure state, and toluene suffi 
ciently so for Hofmann to prepare toluidine fromit. He also obtaine¢ 
pseudocumene, and was led to believe in the existence of xylene. In 
describing his work, he modestly remarks :— 

“ Tt has been perhaps the tedium of the methods necessary to effect a separation 
of mixed hydrocarbons from each other, which has deterred experienced chemists 
from devoting their time to disentangling the oils here treated of : and perhaps to 
have conducted the innumerable distillations necessary for this purpose in a labora- 


tory imperfectly furnished with gas and other conveniences, would have been a 
task too laborious to have been persisted in.” (J. Chem. Soc., 1849, 1, 246.) 


Amongst the enquiries carried on by Hofmann, in the early days of 
the Royal College of Chemistry, were those classical “ researches 
regarding the molecular constitution of the volatile organic bases,” 
in which he succeeded in displacing the hydrogen of the NH,-group 
by different alcohol radicles, eventually obtaining also the ammonium 
compounds. In the first of these (J. Chem. Soc., 3, 1851) he 
describes ethylaniline (p. 284), and diethylaniline (p. 288), also 
methylaniline (p. 295). The method used in these researches, of 
substituting hydrogen in amines by means of the iodides and bro- 
mides of the alcohol radicles, and also the substituted anilines 
which were obtained, although not connected with the foundation 
of the coal-tar colour industry, have been of great value in its after 
development. These few references to observations on the early 
work carried on at the Royal College of Chemistry, for the sake of 
science only, show, in fact, what valuable material was produced for 
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the coming new industry ; indeed, without the research of Mansfield, 
it could never have become an industry. 

The foregoing brings the work of the Royal College of Chemistry 
up to near the date when I became a student there, and it will, 
perhaps, be well if I here refer to my young days, and state how it 
came to pass that I had the good fortune to study under Hofmann, 
especially as it will enable me to say a few words in reference to one 
of his old pupils who has done much for the cause of science. 

As long ago as I can remember, the question what pursuit I should 
follow was constantly before me. Even when very young, I interested 
myself in several subjects of a mechanical kind, and worked at them 
to the best of my ability; and elementary as the experience then 
gained was, it had a lasting influence upon me. When I was between 
12 and 13 years of age, a young friend was good enough to show me 
some chemical experiments ; amongst these were some on crystallisa- 
tion, which seemed to me most marvellous phenomena: as a result, 
my choice was fixed, and it became my desire to be a chemist, if 
possible, as I saw that there was in this science something far beyond 
the mechanical and other pursuits I had been previously occupied 
with. At this time I left the school I was attending, and entered the 
City of London School, of which Dr. Mortimer was then head master. 
Here lectures were given on chemistry and natural philosophy ; 
indeed, I believe this was the first school in which experimental 
science was taught. The lecturer was one of the masteis, Mr. Thomas 
Hall, B.A. (Lond.), an old sudent of Hofmann’s, who had obtained 
all the chemical knowledge he possessed by working at the Royal 
College of Chemistry. To attend these lectures was a source of great 
pleasure to me. There was also a yearly examination in science, and 
the examiner was also one of Hofmann’s pupils, and his first assistant, 
none other than my friend Mr., now Sir, Frederick Abel. In the 
City of London School I was consequently brought directly under 
Hofmannic influence, if I may so term it, for all who came in contact 
with those who worked with him had infused into them by induction 
his enthusiasm for chemistry. Mr. Hall very soon took an interest 
in me, and installed me as one of his lecture assistants. Science, 
however, was not allowed to interfere with the ordinary school 
curriculum, se that the lectures, and the preparations for them, were 
delegated to the interval for dinner, and being very much interested 
in preparing the experiments, I not unfrequently found this interval 
had passed before I had left off work ; but, fortunately, I never found 
that the abstinence thus caused acted prejudicially upon me. Whilst 
with Mr. Hall, I heard much of the Royal College of Chemistry aud 
its Professor, and after my master had very kindly had several inter- 
views with my father—who wished me to be an architect and not a 
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chemist—it was my good fortrne to be allowed to follow my bent, 
and go to the Royal College of Chemistry, in Oxford Street. 

Before passing from my schooldays, I feel I must say a few more 
words about my old school-master, to whose kindness I owe so much. 
Thomas Hall was a born teacher, who took an individual interest in 
his scholars, studying their characters, and stimulating any special 
qualities he saw they possessed, and, at the same time, inculcating 
the highest moral qualities. He hated anything that was mean or 
underhand, and, at the same time, was very genial and kind-hearted ; 
this may be gathered from the fact that the boys used to speak of him 
as Tommy Hall. His influence on behalf of science, especially the 
science of chemistry, was great; it appears, from a list of old City of 
London School boys, kindly given me by Mr. John Spiller, that more 
than 30 boys in whom he had taken an interest afterwards worked at 
the Royal College of Chemistry, and of these I may mention the fol- 
lowing as having contributed papers to our Transactions : 

J. J. Bowrey, J. T. Brown, Frank Clowes, W. H. Deering, Edward 
Divers, J. A. Newlands, F. J. M. Page, W. H. Perkin, Alexander 
Pedler, J. Spiller, and W. Thorp. 

I entered the Royal College of Chemistry when I was in my 
fifteenth year, at the time when that institution became part of the 
School of Mines, but I only took up the study of chemistry. After 
seeing Dr. Hofmann with my father, the first person I encountered 
in the laboratory was the Assistant, Mr. W. Crookes, who set me to 
study the reactions of the metals. 

There was no theatre at the Royal College then, and the students 
had to go to the Museum of Practical Geology in Jermyn Street to 
hear the lectures on chemistry, which involved a rather serious loss 
of time; but the lectures made up for this, as Hofmann spared no 
pains in making them as interesting, instructive, and perfect as he 
possibly could, illustrating, as far as practicable, everything by 
experiment, so that the facts were firmly impressed upon the mind. 
At that time he also had a very efficient lecture assistant, the late 
Mr. Witt. Hofmann was good enough to let me attend these lectures- 
a second time. 

When going through the ordinary course of qualitative and quanti-. 
tative analysis, the students working at research appeared to me to 
be superior beings, something beyond ordinary persons; and being 
possessed with a desire to join their ranks, the ordinary course, and. 
also gas analysis by Bunsen’s method, was quickly gone through. 
Hofmann then set me to work at research, and very curiously gave 
me as a subject the hydrocarbon anthracene, or, as it was generally 
called in those days, paranaphthalene. To obtain this, pitch was. 
taken as the starting point, but as it was found that this method of 
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preparation was a very tedious one to carry out in the laboratory, 
Hofmann kindly obtained some of the crude product for me from 
Mr. Cliff, of Bethels Tar Works. As is well known, Hofmann— 
especially at that period—was much interested in the formation of 
organic bases from hydrocarbons, and the object of my investigation 
was to produce, if possible, a nitro-compound, and then convert this 
into a base by reduction. However, anthracene refused to give a 
nitro-compound, and consequently no base could be obtained, but, in 
the course of my work, I prepared the compound we now know as 
anthraquinone, and also the chlorine and bromine derivatives of 
anthracene. But these substances could not be got to yield intelligible 
results on analysis, and at that time it never occurred either to 
Hofmann or myself that there was any likelihood of Dumas and 
Laurent’s formule for the hydrocarbon (7.e., C;;H,.) being incorrect. 
The consequence was that this research was set aside, but I shall show 
further on that the experience I then gained was of great importance 
to me several years later, when I commenced to work at the produc- 
tion of alizarin. 

Hofmann next set me to work to study the action of chloride of 
cyanogen on naphthylamine in the same way that he had examined 
the action of this gas on aniline. In those days there were no 
depdts where pure products for research could be obtained as there 
now are, and for this inquiry even the naphthalene had to be puri- 
fied in the laboratory ; this research was soon completed, but was not 
written out and published until nearly 12 months afterwards. It 
was brought before this Society when the meetings were held in 
Mr. Pepper’s house in Cavendish Square. 

Hofmann had a marvellous power of stimulating his students, and 
of imparting to them his own enthusiasm; he took the strongest 
personal interest in their work, visiting three or four times in the 
week even those who were going through the reactions, while those 
engaged in research work were seen daily by him, and if any- 
thing of special interest was going on, more than once in the day. 
His power of directing research was also most remarkable ; with the 
aid of a few watch glasses, a glass rod, and a small gas flame he would 
make a number of experiments, and from the information thus gained 
tell his students how to proceed with their work. I well remember 
how one day, when the work was going on very satisfactorily with 
most of us and several new products had been obtained, he came up 
and commenced examining a product of the nitration of phenol one 
of the students had obtained by steam distillation; taking a little of 
the substance in a watch glass, he treated it with caustic alkali, and 
at once obtained a beautiful scarlet salt of what we now know to be 
orthonitrophenol. Several of us were standing by at the time, and, 
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looking up at us in his characteristic and enthusiastic way, he at 
once exclaimed, ‘‘ Gentlemen, new bodies are floating in the air.” I 
mention this just as an example of the way in which he used to 
stimulate us by his own example. 

After I had completed the research on the action of chloride of 
cyanogen on naphthylamine, Hofmann promoted me to the position 
of an assistant in his research laboratory; I was then 17 years of 
age. Mr. A. H. Church, now Professor Church, was among the 
assistants in the laboratory. This position proved most valuable to 
me. 

At this time Professor Cahours came over from Paris to work 
with Hofmann on the allyl compounds, a research in which Professor 
Church and I had to assist. They then commenced their splendid 
work on the phosphorus bases, and I well remember the excitement 
and interest which prevailed when Paul Thénard’s triethylphosphine 
was first produced by the action of zinc ethyl on phosphorus trichlo- 
ride, and Hofmann’s delight when he found it was vigorously acted 
on by methyl and also ethyl iodide, producing white, crystalline, 
phosphonium iodides. I was occupied with this research until I left 
the Royal College. 

I may here refer to an incident which shows how greatly Hofmann 
was interested in his scientific work. One day, when he was going 
his usual rounds in the general laboratory, a student standing not 
far from him poured a quantity of concentrated sulphuric acid into a 
thick glass bottle he was holding in his hand, which contained a 
small quantity of water ; the consequence was that the heat evolved 
caused it to crack and the bottom to fall out. Some of the acid 
splashed up from the floor into Hofmann’s eye, and we feared would 
have a permanently injurious effect upon it. Hofmann was sent 
home in a cab, and had to be kept in bed in a dark room during 
several weeks, his old friend, Dr. Bence Jones, attending him. But 
during this time, and notwithstanding his sufferings, he was so 
anxious about his work that we used to have to visit him in his 
darkened bedroom, to report progress and also to receive any instruc- 
tions he had to give. 

Whilst in the research laboratory I had the privilege of meeting 
St. Claire Deville, who came to London for the purpose of exhibiting 
specimens of sodium and aluminium at a lecture given by the Rev. 
T. Barlow at the Royal Institution, of which the lecturer was 
Secretary. 

Whilst assistant under Hofmann, | liad but little time for private 
work in the daytime; as, however, I wished to continue research 
work, part of a room at home was fitted up as a rough laboratory, 
and there I was able to work in the evenings or during vacations. 
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In this laboratory a research was carried on conjointly with Mr. 
Church on some colouring matters derived from dinitrobenzene and 
dinitronaphthalene. One of the products we then obtained afterwards 
proved to be amidoazonaphthalene, or, as we called it, azodinaphthyl- 
diamine. This appears to have been the first case of a definite com- 
pound being obtained of the azo-class and shown to possess dyeing 
powers. As Dr. Caro has referred to this in his notice in the Berichte 
of the late Peter Griess, I need not make any further observations on 
the subject here (Ber., 1892, 25, 4, 1011). 

At this period much interest was taken in the artificial formation of 
natural organic substances ; but at the time I was at the Royal College 
of Chemistry, although the theory of compound radicles, the doctrine 
of substitution, &c., were occupying much attention, very little was 
known of the internal structure of compounds and the conceptions as 
to the method by which one compound might te formed from another 
was necessarily very crude. 

Thus, in the Report of the Royal College of Chemistry, published 
in 1849, Hofmann refers to the artificial formation of quinine as a 
great desideratum, and then states 

“Tt is a remarkable fact that naphthalene, the beautiful hydrocarbon of which 
immense quantities are annually produced in the manufacture of coal gas, when 
subjected toa series of chemical processes, may be converted into a crystalline 
alkaloid. This substance, which has received the name of naphthalidine, contains 
20 equivalents of carbon, 9 equivalents of hydrogen, and 1 equivalent of nitrogen.” 
(C=6 O=8,) 

* * ¥* * * ; 

“‘ Now if we take 20 equivalents of carbon, 11 equivalents of hydrogen, 1 equiva- 
lent of nitrogen, and 2 equivalents of oxygen, as the composition of quinine, it will 
be obvious that naphthalidine, differing only by the elements of two equivalents of 
water, might pass into the former alkaloid simply by an assun:ption of water. We 
cannot, of course, expect to induce the water to enter merely by placing it in con- 
tact, but a happy experiment may attain this end by the discovery of an appro- 
priate metamorphic process.” 

In fact there was but little other ground to work upon in many 
instances than this kind of speculation. 

As a young chemist [ was ambitious enough to wish to work on 
this subject of the artificial formation of natural organic compounds. 
Probably from reading the above remarks on the importance of 
forming quinine, I began to think how it might be accomplished, and 
was led by the then popular additive and subtractive method to the 
idea that it might be formed from toluidine by first adding to iis 
composition C,H, by substituting allyl for hydrogen, thus forming 
allyltoluidine, and then removing two hydrogen atoms and adding 
2 atoms of oxygen, thus 


2(CyHi3N) + 30 = CyH;,,N,0, + H,O 
Licsiigabansid Ajpsitigiabll 
Allyltoluidine. Quinine. 
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The allyltoluidine having been prepared by the action of ally! 
iodide on toluidine, was converted into a salt and treated with potas- 
sium dichromate; no quinine was formed, but only a dirty reddish- 
brown precipitate. Unpromising though this result was, I was 
interested in the action, and thought it desirable to treat a more 
simple base in the same manner. Aniline was selected, and its 
sulphate was treated with potassium dichromate; in this instance a 
black precipitate was obtained, and, on examination, this precipitate 
was found to contain the colouring matter since so well known as 
aniline purple or mauve, and by a number of other names. All these 
experiments were made during the Easter vacation of 1856 in my 
rough laboratory at home. Very soon after the discovery of this 
colouring matter, I found that it had the properties of a dye, and 
that it resisted the action of light remarkably well. 

After the vacation, experiments were continued in the evenings 
when I had returned from the Royal College of Chemistry, and com- 
bustions were made of the colouring matter. I showed it to my 
friend Church, with whom I had been working, on his visiting my 
laboratory, and who, from his artistic tastes, had a great interest in 
colouring matters, and he thought it might be valuable and encouraged 
me to continue to work upon it; but its evident costliness and the 
difficulties of preparing aniline on the large scale, made the prob- 
ability of its proving of practical value appear very doubtful. Through 
a friend, I then got an introduction to Messrs. Pullar, of Perth, 
and sent them some specimens of dyed silk. On June 12, 1856, 
I received the following reply :— 


*“ If your discovery does not make tle goods too expensive, it is decidedly one of 
the most valuable that has come out fora very long time. This colour is one 
which has been very much wanted in all classes of goods, and could not be obtained 
fast on silks, and only at great expense on cotton yarns. I enclose you pattern of 
the best lilac we have on cotton—it is dyed only by one house in the United King- 
dom, but even this is not quite fast, and does not stand the tests that yours does, 


and fades by exposure to air. On silk the colour has always been fugitive: it is 


aone with cudbear or archil, and then blued to shade.” 


This somewhat lengthy extract is quoted because it gives a glimpse 
at the state of the dyeing trade in reference to this shade of colour at 
that period. 

This first report was very satisfactory; the “if” with which it 


commenced was, however, a doubtful point. 


During the summer vacation, however, the preparation of the 


colouring matter on a very small, technical scale was undertaken, 


my brother (the late T. D. Perkin) assisting me in the operations, 
and, after preparing a few ounces of product, the results were 
thought sufficiently promising to make it desirable to patent the 
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process for the preparation of this colouring matter. This was 
done on August 26, 1856 (Patent No. 1984). A visit was then 
made to Messrs. Pullar’s, and experiments on cotton dyeing were 
made, but, as no suitable mordants were known for this colouring 
matter, only the pale shades of colour, produced by the natural 
affinity of the dye for the vegetable fibre, were obtained; these, how- 
ever, were admired. Experiments on calico printing were also made 
at some print works, but fears were entertained that it would be too 
dear, and, althcugh it proved to be cne of the most serviceable colours 
as regards fastness, yet the printers were not satisfied with it because 
it would not resist the action of chloride of lime like madder purple. 

Although the results were not so encouraging as could be wished, 
1 was persuaded of the importance of the colouring matter, and the 
result was that, in October, I sought an interview with my old master, 
Hofmann, and told him of the discovery of this dye, showing him 
patterns dyed with it, at the same time saying that as I was going to 
undertake its manufacture, I was sorry that I should have to leave 
the Royal College of Chemistry. At this he appeared much annoyed, 
and spoke in a very discouraging manner, making me feel that 
perhaps I might be taking a false step which might ruin my future 
prospects. I have sometimes thought that, appreciating the diffi- 
culties of producing such compounds as aniline and this colouring 
matter on the large scale, Hofmann perhaps anticipated that the 
undertaking would be a failure, and was sorry to think that I 
should be so foolish as to leave my scientific work for such an 
object, especially as I was then but a lad of 18 years of age; and I 
must confess that one of my great fears on entering into technical 
work was that it might prevent my continuing research work, but I 
determined that, as far as possible, this should not be the case. 

Still, having faith in the results I had obtained, I left the College 
of Chemistry and continued my experiments, and found that not only 
aniline, but also toluidine, xylidine, and cumidine gave a purple 
colouring matter when oxidised. 

The following is a copy of the principal part of the complete 
specification of the patent I took out at this time :— 


“ Dyeing Fabrics. 


“The nature of my invention consists in producing a new colouring matter for 
dyeing with a lilac or purple colour stuffs or silk, cotton, wool, and other materials 
in the manner following :— . 

“T take a cold solution of sulphate of aniline, or a cold solution of sulphate of 
toluidine, or a cold solution of sulphate of xylidine, or a cold solution of sulphate 
of cumidine, or a mixture of any one of such solutions with any others or other of 
them, and as much of a cold solution of a soluble bichromate as contains base 
¢nough to convert the sulphuric acid in any of the above-mentioned solutions into 
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a neutral sulphate. I then mix the solutions and allow them to stand for 10 or 
12 hours, when the mixture will consist of a black powder and a solution of a 
neutral sulphate. I then throw this mixture upon a fine filter, and wash it with 
water till free from the neutral sulphate. I then dry the substance thus obtained 
at ® temperature of 100° C., or 212° F., and digest it repeatedly with coal-tar 
naphtha, until it is free from a brown substance which is extracted by the naphtha. 
Any other substance than coal-tar naphtha may be used in which the brown sub- 
stance is soluble and the colouring matter is not soluble. I then free the residue 
from the naphtha by evaporation, and digest it with methylated spirit, or any 
other liquid in which the colouring matter is soluble, which dissolves out the new 
colouring matter. I then separate the methylated spirit from the colouring matter 
by distillation, at a temperature of 100° C. or 212° F.” 


Fresh quantities of colouring matter were prepared and taken to 
Scotland, and, although the method of applying it by means of 
lacterine (casein) was then found to give very good results, yet the 
printers who tried it did not show any great enthusiasm ; and even 
Messrs. Pullar began to fluctuate in their opinion as to the advis- 
ability of erecting plant for its manufacture, and wrote :—‘ Should 
it appear that it will not be of service to printers, it will be ques- 
tionable whether it would be wise to erect works for the quantity 
dyers alone will require.” In January, 1867, Mr. R. Pullar, however, 
advised me to see Mr. Thos. Keith, a silk dyer of Bethnal Green, 
London, and, after making a few experiments with the colouring 
matter, and exposing the specimens he dyed to the light for some 
time, he was much pleased with the result, and encouraged me to 
go on with its production. 

I was then joined in the undertaking by my father—who was a 
builder, and had sufficient faith in the project to risk the necessary 
capital—and also by my brother, who also had a good knowledge of 
building, and, as he had taken part in the preliminary experiments 
on the preparation of the dye, his assistance proved most valuable, 
especially as he was possessed of good business capabilities. Plans 
were prepared and a site obtained at Greenford Green, near Harrow, 
and in June, 1857, the building of the works was commenced. 

At this time, neither I nor my friends had seen the inside of a 
chemical works, and whatever knowledge I had was obtained from 
books. This, however, was not so serious a drawback as at first it 
might appear to be, as the kind of apparatus required and the 
character of the operations to be performed were so entirely different 
from any in use that there was but little to copy from. 

In commencing this manufacture, it was absolutely necessary to 
proceed tentatively, as most of the operations required new kinds of 
apparatus to be devised and tried before more could be ordered to 
carry out the work on any scale. 

But the mechanical were not the only difficulties. Benzene at this 


ext 2. 


PERKIN: HOFMANN MEMORIAL LECTURE, 607 


time was only made to a very limited extent, as there was but little 
use for it, and it was only after making several inquiries that it was 
ascertained where it could be obtained. That used at first came 
from Messrs. Miller and Co., of Glasgow. It was also of very 
unequal quality, and required refractionating before use; its price 
was 5s. per gallon. No nitric acid sufficiently strong for the pre- 
paration of nitrobenzene could be obtained commercially, and, as we 
did not want to complicate our works by manufacturing the sub- 
stance, experiments were made with a mixture of sodium nitrate 
and sulphuric acid, using the latter in rather larger proportions than 
necessary to give an acid sodium sulphate. This method was found 
to succeed on the small scale, but, when working with large quanti- 
ties, special apparatus had to be devised, and a great many pre- 
cautions had to be taken to regulate the operation; however, very 
large quantities of nitrobenzene were made by it. Nitrobenzene had 
never been prepared in iron vessels before this time. 

It was only three years before the works were started that 
Bechamp had made the interesting discovery that finely divided iron 
and acetic acid were capable of converting nitrobenzene into aniline ; 
had it not been for this discovery, the coal-tar colour industry could 
not have been started. To carry this process out on the large scale, 
special apparatus was also required, and, on account of the energy 
of the action which takes place, special precautions had to be 
adopted ; but no great difficulties were encountered in this operation. 
Potassium bichromate at that date fluctuated between 93d. and 11d. 
per lb., and was therefore a costly product. 

Many more details might be gone into in reference to the diffi- 
culties to be contended against at the starting of the industry, but 
sufficient has been said to give some idea of them; however, 
in less than six months after the building of the works was com- 
menced, namely, in December, 1857, aniline purple, or Tyrian purple, 
as it at first was called, was in use for silk dyeing in Mr. Keith’s 
dye-house. 

But in dyeing large quantities of silk, difficulties were again 
encountered, on account of the great affinity of the colouring matter 
for the fibre causing unevenness, and some time was taken up in 
experimenting on this subject, until eventually it was found that by 
dyeing in a soap bath a very pure and even coluur could be pro- 
duced. This process was afterwards found to be the most suitable 
for dyeing silk with magenta, Hofmann’s violet, and many other 
colouring matters. 

Aniline purple having now been proved to be an important colour- 
ing matter, which could be produced on a manufacturing scale, it 
attracted much attention, and, as a consequence, many others com- 
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menced its manufacture, and also to experiment with aniline, especially 
in France; all kinds of oxidising agents were used, but potassium 
dichromate still proved to be the best, the next best being chloride 
of copper, the use of which was patented by Dale and Caro, in 
1860. 

The French manufacturers were not long before they succeeded in 
producing the colouring matter (the French patent being invalid, 
owing to a mistake as to the date it was necessary to take it 
out in reference to that of the English patent), and in using it 
in dyeing their goods, both silk and cotton. The calico printers of 
this country then began to be alive to the necessity of following 
them, and this made the demand for the aniline purple—which the 
French now began to call mauve—so great that, notwithstanding the 
continued increase which had been taking place in the works at 
Greenford Green, it could not be kept pace with. At this time, a 
very beautiful archil colonr had been produced by Messrs. Guinon, 
Marnas, and Bonney, called French purple; this also was applied to 
calico printing, and the printers in this country who could not get a 
supply of aniline purple used this until their requirements could be 
met. A little before this, Mr. Pullar and I separately discovered a 
process for mordanting cotton, so that it could be dyed with aniline 
purple to any depth of colour, and thus it became of much more 
value to the cotton dyer than it was so long as its natural affinity for 
the fibre could alone be relied upon. The process consisted in the 
use of tannin and a metallic oxide. 

For calico printing, the colouring matter was first applied in com- 
bination with lacterin, albumin, or gluten, but endeavours were soon 
made to find some new method by which these might be dispensed 
with, and I worked for some considerable time on this subject at the 
Dalmonach Print Works, Alexandria, Dumbartonshire, where the 
colour was first practically used for printing in this country. I 
devised a process, which consisted in printing on a lead salt, con- 
verting this into a salt containing a fatty acid by means of soap, and 
then dyeing in a soap bath containing the colouring matter; the 
fatty lead salt then took up the colouring matter, whilst the soap 
prevented the white from being stained; this process was patented 


‘by myself and Mr. Mathew Grey. It produced beautiful shades of 


colour, but could not be used where combinations with other colours 
were required, and therefore did not prove useful. 

Printers then experimented on the use of tannin and a metallic 
oxide, the process used in cotton dyeing devised by Mr. Pullar and 
myself; a modified form of this process has become the most 
important used. Another process was also very largely used, 
patented by M. Schultz and myself, which consisted in forming an 
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insoluble arsenite of alumina and colouring matter on the fibre, the 
colours produced in this way being very brilliant, as well as fast to 
washing. Before the aniline purple could be introduced for dyeing 


* woollen and mixed fabrics, some weeks were also spent at Bradford 


in finding out suitable methods of applying it. 

Thus it will be seen that, in the case of this new colouring matter, 
not only had the difficulties incident to its manufacture to be grappled 
with, and the prejudices of the consumer overcome, but, owing to 
the fact that it belonged to a new class of dye stuffs, a large amount 
of time had to be devoted to the study of its applications to dyeing, 
calico printing, &c. It was, in fact, all pioneering work—clearing the 
road, as it were, for the introduction of all the colouring matters 
which followed, all the processes worked out for dyeing silk, cotton, 
and wool, and also fer calico printing, afterwards proving suitable for 
magenta, Hofmann violet, &c. 

All this time a host of experimentalists continued making trials 
with aniline and ali kinds of chemicals, and early in 1859, three 
years after the discovery of aniline purple, or mauve, M, Verquin 
discovered fuchsine, also called magenta and roseine, and, later on, 
rosaniline by Hofmann. 

From what has been said above, it will be seen that the discovery of 
this colouring matter was made under more favourable auspices than 
that of mauve: everything was ready for its production and applica- 
tion, it was also an easier product to manufacture and relatively to 
the aniline used was formed in much larger quantities than mauve 
was, but it was not nearly so fast against light, and when first 
experimented with I thought this would have been very detrimental to 
its extensive use, remembering the experience that I had gone through 
with mauve; but things had changed, and the love of brilliancy had 
begun to outrun the regard for durability, indeed, as is well known, 
magenta has proved to he one of the most successful of the coal-tar 
colours ever discovered. M. Verquin’s process was a very re- 
markable one, and it has never transpired whether he was led to it by 
any scientific reasoning or not; it will be remembered that it con- 
sists in heating commercial aniline and anhydrous tetrachloride of 
tin nearly up to the boiling point of the mixture; it was first carried 
out by Messrs. Reynard Bros., of Lyons. 

We were thus indebted to France for the second step in the coal- 
tar colour industry. Soon other processes were invented for the pro- 
duction of magenta, but the most practical one, after M. Verquin’s, 
was that in which mercury nitrate was used; large quantities of 
colouring matter were made by this method. 

The fuchsine, or magenta, first made in France, was but very im- 
perfectly purified, and a good deal of that afterwards made in 
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Germany simply consisted of the “melt” produced by heating 
aniline with mercury nitrate. 

Being naturally interested in this new colouring matter, I made 
many experiments with it. and in a lecture I delivered before this 
Society, on May 16, 1861 (J. Chem. Soc., 1862, 14, 230) (when I was 
honoured by the presence of Michael Faraday), an account of some of 
the results obtained by its examination was given, in which it was 
shown that it was the salt of an organic base (a fact at that time 
believed in by some, but doubted by others) precipitated by alkalis 
and at the same time dissolved by them to some extent, yielding 
colourless solutions, and that its nitrate could be obtained in the form 
of octahedrons, having a beautiful green metallic reflection; this 
was the first occasion, I believe, on which it was described as a 
crystalline compound. Attention was also called to the fact that its 
salts could not contain oxygen, which was afterwards confirmed by 
Hofmann; and it was further pointed out that other products were 
formed along with it, one possessing an orange colour (chrysaniline), 
and another a purple colour (violaniline, mauve aniline, &c.). 

In speaking of the manufacture of rosaniline in this country, I must 
first refer to another of Hofmann’s pupils, Edward Chambers 
Nicholson, of the firm of Simpson, Maule and Nicholson, who 
brought the manufacture of this compound to a state of perfection, 
which, I believe, has not been surpassed—so far as purity is con- 
cerned—up to the present time. 

‘ It is of interest to trace the manner in which Messrs. Simpson, 
Maule and Nicholson, became connected with the coal-tar colour 
industry. They were originally manufacturers of fine chemicals, &c. 
When aniline purple was found to be successful, and was exciting a 
great deal of interest, this and other firms were anxious to manufacture 
it, and consequently wished to have a licence for the purpose, but 
no agreement could be come to. They were then very desirous 
of manufacturing nitrobenzene for our use in producing aniline. 
At first they could not do this at a sufficiently low price, but eventu- 
ally succeeded in producing it cheaply enough to make it worth our 
while to supplement our own make by theirs, as the demand for 
aniline purple was then so rapidly increasing. In this way they soon 
became considerable producers of nitrobenzene ; they then set to work 
to prepare aniline, which after a time they succeeded in doing. In 


‘this manner they leisurely, as it were, became fully prepared to go a 


step further, and become manufacturers of colouring matters. 

Dr. David Price at this time joined the firm, and Nicholson and he 
apparently experimented with the products he had patented in 1859, 
namely violin, purpurin, and roseine, obtained by oxidising aniline 
with lead peroxide; these colouring matters, however, were not found 
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to be of practical value. They then turned thcir attention to the newly 
discovered colouring matter, fuchsine. This they commenced manu- 
facturing, giving it the name of one of Dr. Price’s products 
“* roseine.” 

H. Medlock, another of Hofmann’s pupils at the Royal College ot 
Chemistry, took out a patent on January 18, 1860, for the pro- 
duction of magenta, by heating aniline with arsenic acid ; eight days 
later, Nicholson filed a similar patent, but did not proceed with it 
when he learnt what Medlock had done. Medlock’s patent is 
notorious for the amount of litigation that arose owing to the occur- 
rence in it of the word “anhydrous.” The formation of magenta by 
the use of arsenic acid proved in the hands of Nicholson, and also of 
others, a great improvement on the previous processes, and for a long 
time was the process for the production of this colouring matter, 
until, in fact, it was superseded by the use of nitrobenzene instead of 
arsenic acid. 

One of the things Hofmann used to impress on those of his 
students who were engaged at research work was the great import- 
ance of preparing their products in as nearly pure a condition as 
possible—especially those which were to be submitted to analysis ; 
some of us used to think that we should get as good results by ex- 
amining the substances when crystallised fewer times than he 
required, especially when the products were difficult to obtain and. 
‘he quantities became smaller and smaller on each recrystallisation ; 
but he was right. Nicholson, when at the Royal College, made several 
investigations under Hofmann’s direction, studying the compounds 
of phosphoric acid with aniline; the formation of cumidine from 
cumene from cuminic acid; also caffeine and some of its com- 
pounds ; and, in conjunction with F. A. Abel, he investigated strych- 
nine. He also appears to have been an adept at combustions, as he 
made the combustion of benzene for Mansfield; his name appearing 
also in de la Rue’s paper on cochineal as having made one of the com- 
busitions of nitrococcusic acid. There is no doubt that Hofmann’s 
teaching as to the importance of working with pure materials was 
strongly impressed upon Nicholson when carrying on these researches, 
and that it greatly influenced him when he became engaged in the 
manufacture of colouring matters. It is only right to add that 
Dr. D. Price, with whom he was for some time associated in this 
industry, and whom I knew when at the Royal College of Chemistry 
as a most thorough, painstaking, and careful worker, would also 
second his efforts in this respect. I may also add that I feel sure 
Hofmann’s influence in this direction had also a considerable 
influence on my own after career as a chemist. 

At first Messrs. Simpson, Miule, and Nicliolson supplied magenta, or 
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roseine, as they called it, to the dyers in alcoholic solution, but after- 
wards, when they had obtained it in a pure condition, they sold it in 
crystals (usually the oxalate). In their process of purification they 
boiled the crude solution of the colouring matter with milk of lime, 
and collected the base which deposited from the clear solution thus 
obtained, and from this prepared the desired salts. 

By this time the coal-tar colour industry had become one of no 
mean dimensions in this country, and also in France, and it was 
quickly developing in Germany and elsewhere. The number of 
colours was also increasing, for not only had mauve or aniline purple 
and fuchsine been discovered, but Gerard and Delaire had made 
their remarkable discovery of Imperial violet and Blue de Lyon by 
heating aniline with fuchsine, thereby—as is now known—phenylat- 
ing this colouring matter. . 

When first speaking of fuchsine, I mentioned that it was dis- 
covered by M. Verquin, and, from a practical point of view, this 
may be considered correct. Nevertheless it appears to have been 
first seen as far back as 1856, when Natanson (Annalen der Chemie 
und Pharmacie, 1856, 98, 297) observed that in heating aniline and 
chloride of ethylene in a sealed tube to 200°, the mixture becomes of 
a rich blood-red colour; Hofmann also, in 1858, when acting on 
aniline with carbon tetrachloride obtained, besides carbotripheny]- 
triamine, a small quantity of this substance as a secondary product, 
which he describes as “a very soluble substance of a magnificent 
crimson colour.” * 

In the Report of the Exhibition of 1862 (Class IT, sec. A, p. 126), 
Hofmann, in speaking of the discovery of this colouring matter, 
says :—‘‘ It may be said to have been discovered at two different times 
according as the question is considered from a scientific or industrial 
point of view;” and at p. 126:—“Industrially, the discovery of 
aniline red was made by Messrs. Verquin and Renard Brothers of 
Lyons.” 

The investigation Hofmann made with the Nicholson products soon 
set at rest the conflicting views which at first existed in reference to 
this colouring matter, and proved that it was a well defined triamine 
—which he re-named rosaniline—forming salts free from oxygen. 
He then regarded the base, which had the formula C»H;,,N;0, as a 

* About two years after M. Verquin’s discovery of fuchsine, the use of carbon 
tetrachloride and aniline as a means of preparing this colouring matter was tried, 
for reasons connected with patent rights, by MM. Monnet and Drury of Lyons. 
They first employed a temperature of 116—118° until the reaction between these 
two substances was over, and then heated the product up to 170° or 180°. By this 
means of working, they apparently obtained a larger yield than Hofmann, but the 


process never became a practical one. See Moniteur Scientifigue, T. III, 15 Jan., 
1861. 
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hydrate of the anhydrous compound C,,H,N; Hofmann examined 
many of the salts of rosaniline—those with one molecule of acid, the 
ordinary salts used in dyeing, and the hydrochloride with 3 mols. of 
acid. He also obtained the interesting compound, leucaniline, by 
treating rosaniline with reducing agents, a compound which has its 
representation in all triphenylmethane colouring matters. The in- 
vestigaticn is a memorable one, as being the first investigation which 
gave correct information respecting the formula of a coal-tar colour- 
ing matter. 

It had been observed by manufacturers that some varieties of 
aniline yield much more rosaniline than others, samples boiling at 
temperatures much higher than the boiling point of the pure com- 
pound being found particularly adapted for the production of the 
red; and it appears that Nicholson had ascertained that pure aniline 
was incapable of yielding rosaniline. Hofmann studied this subiect, 
using aniline prepared from indigo and from pure benzene, and his 
experiments confirmed Nicholson’s. The idea then naturally sug- 
gested itself, that the toluidine contained in commercial aniline 
might be the source of the colouring matter. But, on making ex- 
periments with toluidine (orthotoluidine was not then known) it 
was found that this base also was incapable of producing the dye- 
stuff; on taking a mixture of aniline and toluidine, however, it 
was at once produced in quantity, showing that both bases were 
necessary for its production (Report, International Exhibition, 1862, 
Class II, sec. A, 130). 

This discovery was of great importance and interest, and explained 
most of the facts connected with the use of anilines of different boiling 
points. In the case of mauveine, this discovery was not of so great 
importance as in the case of rosaniline, because pure aniline yields a 
purple colouring matter (pseudomauveine), as well as mixtures of 
aniline and toluidine. 

Mauve had also been obtained in a pure crystallised condition, but 
technically this was not found of much advantage, as the colours 
obtained with it in this condition were only slightly superior to those 
obtained with the less expensive precipitated colouring matter which 
was usually supplied to the consumer. 

Having examined aniline red or rosaniline, Hofmann was also 
desirous of investigating aniline purple or mauve, but when he spoke 
to me on the subject, the colouring matter was already under investi- 
gation in my own laboratory. 

The crystallised aniline purple sent into the market was the acetate 
of the base to which I gave the name mauveine. This base is remark- 
able for its stability and tinctorial power. Its investigation (1864, Proc. 
Roy. Soc., 12,713) showed that it possesses the formula C,;,H,N,, and 
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that, unlike rosaniline, it is not a hydroxy-compound, Morcover, 
the base is a strongly coloured compound of a blue-violet colour. 
When treated with reducing agents, it yields a leuco-compound, but 
this is so sensitive to the action of oxygen that on exposure to the ar 
it instantly changes back to mauveine. Its ordinary salts are pro- 
duced from 1 mol. of base and 1 mol. of acid. From a more recent 
research on this colouring matter (J. Chem. Soc., 1879, 717), I have 
shown that a dihydrochloride and corresponding platinum salt can be 
obtained, and from the characteristic changes which a solution of this 
substance, in concentrated sulphuric acid, undergoes on dilution, 
namely, from a dull green to a blue, and lastly to a purple, shows 
that probably salts formed by the union of mauveine with more than 
2 mols. of acid exist. The ordinary commercial product has also 
been shown to consist of two colouring matters, one forming very 
soluble and apparently uncrystallisable salts called pseudomauveine, 
having the formula C.,H.)N,, and produced from pure aniline; the 
other forming less solable and beautifully crystalline salts of the 
formula C,;H.,N,, derived from paratoluidine and aniline. This 
colouring matter, unlike rosaniline, does not freely undergo changes 
with reagents on account of its great stability, so that few derivatives 
have been obtained from it serving to elucidate its constitution, which 
is still unknown. 

Messrs. Simpson, Maule, and Nicholson, after engaging in the manu- 
facture of rosaniline for some time, undertook that of Girard and 
Delaire’s Imperial Violet and Blue de Lyon, obtained by heating a 
salt of rosaniline with aniline (Pat., January, 1861). 

Mr. Nicholson spent much time in studying the conditions most 
favourable to the production of these compounds, especially the blue, 
so as to obtain it ina pure condition, and in this he was very success- 
ful. This was due to his knowledge of the importance of using pure 
materials in its manufacture. The rosaniline base he used was not 
merely the best he produced for the preparation of rosaniline salts, 
but he purified it much further by means of methylated spirit; the 
aniline was prepared for the purpose from the purest benzene he 
could obtain; he also paid mach attention to the selection of the 
best acid to use in combination with rosaniline, and found that weak 
organic acids, such as acetic and benzoic acids, were the most suit- 
able. In this way he eventually obtained the blue in a condition of 
purification unequalled by others. 

Provided with the purified blue by Nicholson, Hofmann soon dis- 
covered that the base had the formula Cy,H,,N;0; this he regarded as 
a hydrate of the compound C;.H,,N;, of which he obtained a hydro- 
chloride of the composition ©,.,H;,;N;HCl. The blue was converted 
by reducing agents into a leucu-compound. 
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As far back as 1850 (Phil. Trans., 1, 93, J. Chem. Soc., 3, 283), 
when engaged in his researches on the molecular constitution of the 
volatile organic bases, Hofmann had endeavonred to displace the 
hydrogen in aniline by phenyl, by heating it with phenol, but was 
unsuccessful ; we can, therefore, easily understand his delight when 
he found that on bviling rosaniline with aniline the colouring matter 
became phenylated. The long desired method of effecting the dis- 
placement of hydrogen by phenyl had, in fact, been discovered, and 
we find that no sooner had he recognised that the blue was a triphenyl 
rosaniline than he telegraphed the result to Paris.* The Comptes 
rendus of the sitting of the Academy of May 18th, 1863, contains 
the fullowing note : 

“M. Le Secrétaire Perpétuel communique une Courte Note de 
M. Hofmann congue dans Jes terms suivants. 

‘* Bleu d’Aniline.—En poursuivante mes recherches sur les couleurs 
aniline, je suis arrivé 4 un résultat trés simple; le bleu d’aniline 
est la rosaniline triphénylique: une molécule de rosaniline et trois 
molécules d’aniline renferment les éléments d’une molécule de bleu 
d’aniline et trois molécules d’ammoniaque.” 

The paper, communicating fuller details of his results on this 
colouring matter, was read on July 6th of the same year (Compt. 
rend., 1863, 5'7, 25). Speaking in this paper of Nicholson, he pays 
him this tribute: “ That in him was united the genius of the manu- 
facturer and the habits of a scientific investigator.” 

We find the discovery of the phenylation of rosaniline afterwards 
bearing fresh fruit in the hands ef Delaire, Gerard, and Chapoteaut, 
who established the remarkable fact that when boiled with its own 
hydrochloride, aniline acted in a similar manner, producing diphenyl- 
amine and ammonia; by using aniline hydrochloride and toluidine, 
they, in like manner, obtained phenyltoluylamine (Compt. rend., 1866, 
63, 91). 

Aniline blue having proved to be triphenylrosaniline, it was soon 
seen that the different shades of violet imperial were rosanilines more 
or less phenylated. 

Nicholson also found that, on heating acetate of rosaniline to 
200—215°, ammonia was disengaged, and a purple colouring matter 
produced, which he called regina purple. This substance was found 
to be a monophenylrosaniline (patented January 20, 1862). 


One of the great obstacles in the way of the application of aniline 


* Hofmana had made this discovery apparently on the same day, for Professor 
McLeod who was his assistant at that time, gives me an entry from his diary dated 
May 18th, 1863, which runs thus: “ The doctor told me that he had made a fine 
discovery, and that aniline blue is the triphenylated rosaniline. Rosaniline, 
CogHgN H,0 ; aniline blue, C.9H,g(CgH,);N,;H,0.” 
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blue was its slight solubility in water, which rendered the dyeing 
operations unsatisfactory ; this also militated against its use in calico 
printing for some time (the most suitable process for its use for this 
purpose first found being that of Schultz and myself with arsenate 
of alumina, but with this long steaming and afterwards clearing in a 
soap bath was required; the colours thus obtained, however, were 
very pure and very durable). Nicholson naturally was very desirous 
of overcoming this obstacle, and no doubt the well known process of 
rendering indigo soluble by dissolving it in sulphuric acid, and then 
converting it into a sulphonic acid, occurred to him; at any rate, by 
experimenting in this direction, he succeeded in obtaining the desired 
result and patented the process (June 1, 1862). Nicholson obtained 
two sulphonic acids—a mono- and a tri—the first being known as 
Nicholson’s blue, and the latter as soluble blue, and it is owing to 
the discovery of these derivatives of aniline blue or triphenylrosani- 
line that this colouring matter became of such importance. 

This method of treating aniline blue was very interesting as being 
the first instance of sulphonating an aniline colour, a process which 
of late years has become of so much importance, not only in render- 
ing difficultly soluble dyes soluble, but also in changing the chemical 
nature of the colouring matters, and thus extending their applica- 
tions as dyes, as in the case of rosanilinesulphonic acid. 

It was Nicholson who succeeded in isolating the yellow or orange 
colouring matter which is formed in the manufacture of rosaniline ; 
he prepared it in apure state, and called it “ phosphine.” Hofmann 
undertook the examination of this dye, and showed that it is repre- 
sented by the formula Cy H,;N;, differing from that of rosaniline in 
containing 2 atoms of hydrogen less; the base is capable of forming 
salts with 1 or 2 mols. of hydrochloric acid, the nitrate being remark- 
able for its insolubility. 

After discovering that aniline blue or bleu de Lyon was a triphenyl- 
rosaniline, Hofmann was very naturally inclined to experiment on 
rosaniline with the agents he had used so successfully in his experi- 
ments on the molecular constitution of the volatile organic bases, 
namely, the haloid compounds of the alcohol radicles, to see what 
influence these radicles would have if introduced into the base: he 
found that they had, like phenyl, though not to the same extent, a 
blueing effect, the colour changing from red to purple, and then to 
violet as the hydrogen atoms were gradually displaced, colouring 
matters being produced which were found to be of great beauty when 
applied to silk, &c. In his first paper on these products (Compt. 
rend., 1863, 5'7, 30), he gives an account of the action of methyl, 
ethyl, and amy! iodides on rosaniline, and amongst the products he 
obtained at that time describes the highest ethylated derivative he 
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had succeeded in producing as the iodethylate of triethylrosaniline, 
CoH «(C2H;),N3°C. HI. 

He patented the method of producing these colouring matters on 
May 22, 1863. 

It is easy to see how Hofmann was led to the production of these 
compounds in the regular sequence of his work, but it is curious 
that E. Kopp had evidently prepared some of them as long back as 
1861. E. Kopp remarks in his paper in the Comptes rendus, 1861, 
52, 363, “I have only stated in my notice these substitutions as a 
hypothesis, but their existence is very real; I have already obtained 
some of them, and it is a remarkable thing that the red shade disap- 
pears, and is converted into a violet, becoming bluer and bluer as 
the hydrogen is displaced by the hydrocarbons.” It appears that he 
sent some specimens of his products to M. Dumas. 

When Hofmann patented the use of methyl, ethyl, and amy] iodides 
for the preparation of these colouring matters, it seemed almost in- 
credible that substances such as these, which had hitherto only been 
used in research, should be employed in the manufacture of a dye ; 
but such circumstances have constantly arisen in the history of this 
remarkable industry—aniline itself, the parent of artificial colours, 
being an example—and nothing now appears to be too rare or difficult 
to prepare, to be used in its development. 

Ii is difficult to understand why E. Kopp did not go on with his 
work on these substitution compounds, unless it was owing to the 
fact that rosaniline was expensive in his days, and he considered the 
alcoholic haloids too costly to employ for practical purposes. 

The Hofmann violets were the most brilliant in colour of any 
which had been produced, and proved not to be so costly as might be 
anticipated, as the iodine from the ethyl iodide used could be mostly 
recovered; but these colouring matters have not the stability of 
mauve or imperial violet, and at first it was thought that their use 
would be limited, but the increasing desire for brilliancy was still 
superseding that for stability, and the result was, that these colouring 
matters were very largely used, and interfered very considerably 
with the sale of the mauve and imperial violets, except for pale 
shades of colour, when, unless the colouring matter used be stable, 
the goods fade so quickly as to be of little value. 

The products formed on heating mauveine salts with aniline appa- 
rently are not comparable with those obtained from rosaniline, and 
although the product becomes bluer no ammonia is evolved; from 
my later experiments, it seems most likely that the aniline used takes 
no part in the change, the blueing being a change in the colouring 
matter, the consequence of the temperature employed. 

When treated with ethyl iodide, mauveine behaves unlike rosanil- 
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ine, yielding a beautiful colouring matter, which is of a redder shade, 
and not bluer as in the latter case. This colouring matter, called 
dahlia (patented on November 6, 1863), consists of a monethylic 
derivative of mauveine, its hydrochloride being represented by the 
formula, C2;H,,(C,H;)N,,HCl. No further change is effected by 
ethyl iodide, and it is uncertain whether the product is a substitution 
or an addition compound (it may be remarked here that at times 
some quantity of a dark, blue-black, almost insoluble substance con- 
taining iodine is also produced). 

This dahlia or ethylmauveine was used by the calico printers and 
dyers to some extent, though not largely, on account of its costliness. 
It is, however, a colouring matter, which gives shades of very con- 
siderable stability on exposure to light. 

The discovery that the introduction of such radicles as phenyl or 
ethyl altered the colour of rosaniline so greatly, made it of interest 
to see whether other kinds of hydrocarbon groups could be intro- 
duced to modify its tint. Amongst other products, brominated 
turpentine was used, and on heating it with rosaniline hydrochloride 
dissolved in methylated spirit or methyl alcohol under pressure, it was 
found that a very beautiful purple or violet colouring matter could be 
produced ; the process was patented in 1864, and large quantities of 
a colouring matter, known as Bri/annia violet, were prepared in this 
manner. At first it was thouglit that the hydrocarbon radicle of the 
brominated turpentine entered the rosaniline, but it now appears 
most probable that the product consisted of methylrosanilines pro- 
duced by the action of methyl bromide formed from hydrogen 
bromide resulting from the decomposition of the bromo-compound. 
The colouring matter was more soluble than Hofmann’s ethyl violet, 
but I could not succeed in crystallising it, and, therefore, it was not 
subjected to analysis. 

When the base of Britannia violet is acted on by acetyl chloride, 
two products are obtained, namely, a violet colouring matter much 
bluer in shade than the original violet, and a bluish-green compound. 
The base of this latter has a very feeble affinity for acids, and docs 
not combine with acetic acid, whilst the base of the violet compound 
does so freely, and in virtue of these different properties the two 
colouriug matters are easily separated. The green dye proved to be 
of practical value, and considerable quantities of it were prepared 
for the calico printers, and was known as “ Perkins green;” but 
after a time it was displaced by iodine green. It has not hitherto 
been investigated. For its manufacture, large quantities of terchlor- 
ide of phosphorus were prepared, from which and acetic acid large 
quantities of acetyl chloride were made—another instance of the use 
of a research reagent on the large scale. 
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The last investigation relating to colouring matters carried out by 
Hofmann in this country was that of the very interesting substance 
known as chinoline blue, discovered by Greville Williams, of which 
the latter gave an account in the Chemical News for October 11, 1860 
(p. 219). A beautifal specimen of the crystalliséd substance was 
displayed in the exhibition of 1862 under the name of Cyanin. 
Chinoline blue was of a very pure shade of colour, and, although an 
expensive product, attempts were made to introduce it as a dye; 
unfortunately, although produced from bases of remarkable stability, 
it was very fugitive, goods dyed with it fading very quickly indeed 
when exposed to the light—its sensitiveness being so great that on 
placing it under a glass positive photograph and exposing to san- 
light, after only a short time, a chinoline blue positive picture was 
produced. 

Hofmann separated from chinoline two blue compounds, to one of 
which he gave the formula CyH,,N,I, and to the other the formula 
C.sH;;N,I. According to later researches, the blue is a condensation 
product derived from chinoline amyliodide and lepidine amyliodide. 


©,H,N‘C;Hyl + CyH,N-C;H,I + O = C.,H;;N,I + H,O + HI 


Chinoline amyl Lepidine amyl Cyanine or diamyl 
iodide. iodide. cyanine iodide. 


This formula differs from that given by Hofmann to one of the 
products he examined by wn atom of carbon only. 

After I left the Royal College of Chemistry, the researches on the 
phosphorus bases in which I had been helping were continued by 
Drs. Leibius and Holzmann, to whose able assistance Hofmann 
refers in one of his papers ; but in carrying out the part of this work 
relating to the phosphammonium, phospharsonium, and arsammo- 
nium compounds, another assistant was active who is referred to by 
Hofmann in the following words :— 

“T conclude this memoir with the expression of my best thanks. 
for the untiring patience with which Mr. Peter Griess has assisted 
me in the performance of my experiments on the phosphorus bases. 
The truly philosophical spirit in which this talented chemist has 
accompanied me through the varying fortunes of this inquiry, will 
always be one of my pleasing recollections.” 

We know how the high opinion thus expressed by Hofmann of 
Griess not only lasted, but became enhanced as time went on; and 
although Griess was not one of Hofmann’s pupils, I cannot refrain 
from thus referring to him here, as several of his most important 
early researches on the diazo-compounds were made within the walls 
of the Royal College of Chemistry, thereby connecting this Institu- 
‘tion with work which of late years has had such a marvellous 
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influence on the development of the coal-tar colour industry. But it 
is not my intention, nor indeed is it necessary for me, to go into the 
history of the diazo-compounds, as this has been so very ably done 
by my friend Caro in his memoir of Peter Griess, whom he held in 
such high esteem, and who was also one of his greatest friends, 


_ Hofmann’s departure was not only a cause of regret to those who 
had worked under him and to all his friends; it was a heavy loss 
also to the country at large, as no one had ever done so much for the 
cause of chemical science in the kingdom as Hofmann did, nor had 
any one exercised to such an extent that wonderful power he pos- 
sessed of stimulating the enthusiasm of his students and of inciting 
in them a love of chemistry and of scientific research. His success is 
especially striking when the early history of the Royal College of 
Chemistry is taken into account—especially its financial difficulties, 
the dissatisfaction of some of the subscribers, and the want of under- 
standing as to the value of scientific research shown both by them 
and the public at large. When all these circumstances are con- 
sidered, we cannot but marvel at the courage and indomitable deter- 
mination he displayed, which enabled him to overcome all difficulties 
and to persevere in maintaining the high standard of teaching he 
adopted at the beginning, as well as to continue the prosecution of 
scientific research for its own sake, 


Notwithstanding the immense amount of work Hofmann must have 
had to attend to in connection with the building and fitting up of the 
new chemical laboratories of the Frederick William University of 
Berlin, which took place during the first four years after he left 
England, namely, from May, 1865, to May, 1869, no break occurred in 
his scientific activity, each year producing accounts of fresh work 
accomplished. It was not, however, until 1869 that he published 
anything fresh in connection with the coal-tar colours, but in this 
year several communications appeared. 

Having found that the production of rosaniline depended on the 
presence of two bases, aniline and toluidine, he naturally carried his 
investigation of the subject further, and experimented with xylidine 
(meta). However, on heating this base with oxidising agents, either 
alone or in presence of toluidine, no colouring matter was obtained ; 
but when it was heated with pure aniline, a red was formed, which 
he called xylidine red, which was supposed to be a homologue of 
rosaniline, probably of the composition C,,H2;N;0. The colour pro- 
duced on wool and silk by this dye-stuff was almost as bright as that 
of rosaniline itself (Ber., 2,377). Inasecond paper relating to this 
eubject, published in conjunction with Martius (Ber., 2,411), an account 
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is given of similar experiments with an isomer of xylidine, amidoethyl- 
benzene, which, from the more recent researches of Beilstein and 
Kuhlberg (Zeitsch. f. Chem., [2], 5, 524), we now know must have 
been a mixture of the ortho- and para-compounds. No red colouring 
matter was formed from this on boiling it with an oxidising agent, 
either alone or mixed with toluidine or even with aniline, thus 
affording proof of the interesting fact that an ethyl group cannot 
take the place of a methyl group in the interaction which is involved 
in the production of colouring matters of the rosaniline class. 

After the discovery of mauve and magenta, many experiments 
were made with a-naphthylamine, as a source of colouring matter, 
and a variety of products were obtained and patented ; but it is un- 
necessary for me to enter into an account of these here, as most of 
them were found to be of no technical value. I may, however, allude 
to two naphthalene derivatives which have proved useful ; the first of 
these, naphthazarin, was discovered by Roussin in 1861, who thought 
it was artificial alizarin; this beautiful substance, which is now 
known to be a dihydroxy-8-naphthaquinone, lay dormant for a long 
time, but, owing to the discovery of improved methods of producing 
it, has of late come into use for dyeing black on wool. The second was 
discovered by Martius, and is known as “‘ Martius yellow ” or dinitro- 
a-naphthol. These were the principal colouring matters derived 
from naphthalene known prior to 1867, when Schiendl discovered the 
naphthalene red now known by the name of Magdala red, a substance 
remarkable for the beautiful fluorescence of its solution. The original 
process for its preparation consisted in heating naphthylamine, acetic 
acid, and potassium nitrite together, and then adding more naphthyl- 
amine and again heating until the desired colouring matter was 
produced. 

Hofmann investigated this red, and assigned to it the formula 
CHiN; (Ber., 1869, 2, 374). 

As this colouring matter and the above formula appeared to be 
related to an old friend of mine, azodinaphthyldiamine (amidoazo- 
naphthalene), I made it the subject of experiments, and found that 
it was easily produced on heating amidoazonaphthylene with an acid 
and naphthylamine, an action taking place which it was thought 
involved the displacement of an atom of hydrogen by naphthyl and 
the formation of ammonia : 


CoHisN; + C,,.H,N = Cy»H2N; + NH; 


Azoamido- Magdala 
naphthaline. red. 


‘The colouring matter was called azotrinaphthyldiamine (Proc. Roy. 
Inst., 1869, May 14). 
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In a second paper, published in July of the same year, on the nature 
of naphthalene red, Hofmann confirms my observation (Ber., 2, 413). 

It has since been shown, however, by Julius (Ber., 1886, 19, 1365), 
that the action which occurs when amidoazonaphthalene is treated 
with naphthylamine is not nearly so simple as above indicated, and 
that the formula of the hydrochloride of Magdala red is CyH,,N,Cl, 
not C,)H..N,Cl. 

The research on Magdala red led Hofmann to study the compound 
produced by the action of aniline on amidoazobenzene, a substance 
described by Martius and Griess, but discovered by Dale and Caro in 
1863, and called by them induline. The examination of this product 
was afterwards continued by Hofmann in conjunction with Geyger, 
under the heading of colouring matters obtained from aromatic azo- 
diamines, and published in 1872 (Ber., 5, 472). They called this 
substance azodipheny! blue, and showed that its hydrochloride had 
the formula C,,H,,N,Cl. 

In 1869 Hofmann also continued his researches on chrysaniline, 
studying the action of methyl and ethyl iodide on the base; he 
obtained trimethyl and triethyl substitution products (Ber., 2, 378). 

In preparing Hofmann violet, it was found that on precipitating 
the colouring matter from its aqueous solution by means of sodium 
chloride, a certain quantity of a bluish-green product remained in 
solution which could not be separated (though improved in colour) by 
the addition of sodium carbonate; this was precipitated by means of 
picric acid, and as it proved to be a valuable green dye, it, after a time, 
was supplied in small quantities to dyers under the name of iodine 
green. It was then found by J. Keisser (French patent, April 18, 
1866) that the colouring matter could be obtained in much larger 
quantities by methylating rosaniline, dissolved in methyl alcohol, with 
methyl iodide, the operation being completed at a comparatively low 
temperature, and eventually it was obtained in a pure crystallised 
state. This substance being evidently related to the methylrosanilines, 
Hofmann was naturally interested in it, and with Girard undertook 
its investigation (Ber., 2, 440). 

The results they obtained, on analysing the iodo-compound, led 
them to represent it by the formula (OED, } N; oa oO. 

They found that this compound decomposes when heated at the 
temperature of boiling water for a few hours, and instantly at 
130—150°, becoming changed into a violet colouring matter; in fact, 
it behaves like an ammonium or addition product. As the com- 
plicated history of the methyl and ethyl derivatives developed, it 
was found that the formula above given required to be modified to 
some extent; but this is in no way surprising; as it is practically 
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impossible by analysis alone to arrive at a true conclusion as to the 
constitution of a compound of such high molecular weight, so un- 
stable and so difficult to obtain pure. 

Another green dye-stuff to which Hofmann directed his atten- 
tion at this time was aldehyde green, produced by the action of 
aldehyde on rosaniline in presence of sulphuric acid whereby a blue 
colouring matter is formed, which is transformed into the green by 
the action of an aqueous solution of sodium thiosulphate. Lanth, 
apparently, was the first to produce the blue compound, in 1861, by 
subjecting a solution of rosaniline in alcohol, methy] alcohol, acetic 
acid, or acetone to the action of zinc chloride and other metallic salts, 
but the conversion of the blue into the green was accomplished by 
Cherpin in 1862. This was the first aniline green dye discovered 
(emeraldine, which was of no value, excepted), and was much used. 
Hofmann showed that aldehyde green contained sulphur, and assigned 
to it the composition indicated by the formula C,,H,;N,S,0, repre- 
senting its formation by the following equation, 


CHiN; a C.H,O + 2H.S = C..H.,N;8,0 


( Ber., 1870, 3, 761). 
The next researches it will be most convenient to refer to, though 
not quite the next as to date, are those on the methyl] violets; but, 


before considering these it may be mentioned that, in continuation of 
his researches on rosaniline derivatives, Hofmann, in 1873 (Ber., 6, 
263), examined the violet obtained by Hobrecker by the action of 
benzyl chloride and methyl iodide on a solution of rosaniline in 
methyl alcohol, assigning to it the formula C.H,.(C,H;);N3,CH,I. 

Until long after the commencement of the coal-tar colour industry, 
chemists and experimenters directed their attention chiefly to aniline 
as a source of colouring matter; but in 1861 Lauth made some 
experiments on the product Hofmann obtained by acting with methyl 
iodide on aniline, which he described as methylaniline (J. Chem. Soc., 
1851, 3, 296), but which recent researches have shown is a mixture of 
methylaniline and dimethylaniline, and by oxidising this he obtained 
violet colouring matters. Writing of these in 1267, Lauth says (Labora- 
tory, 1867, 138), “ The violets obtained from methylaniline possess 
a richness and purity which leave nothing to be desired 
Nevertheless, they were not adopted by manufacturers, who, indeed, 
at the time mentioned (1861) attached less importance to the beauty 
of a colour than to its permanence. In this latter respect the methyl- 
aniline violets do not excel, and, consequently, dyers would have 
nothing to do with them. 

“Gradually, however, people have become accustomed to colours 
which fade on exposure to the solarrays . . . . Accordingly, 
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two years after the experiment made by myself, Dr. Hofmann suc- 
ceeded in introducing these results.” These remarks confirm those 
already made in reference to the gradual change in public opinion 
which led to the disregard of permanency in favour of brilliancy of 
colour. 

Lauth further remarks that Hofmann’s method of producing these 
colouring matters is the inverse of that proposed by him; the aniline 
being first converted into rosaniline and then methylated, whilst in 
his case this operation is first performed on the aniline. 

It would, however, not have been practicable to carry out this pro- 
cess if the aniline had to be methylated with methyl iodide, because 
the base thus prepared would be too expensive to use as the raw 
material for the preparation of colouring matters. On account of the 
success of the Hofmann violet, experiments were made in France 
with the object of preparing methylaniline by a different and 
more economical process, so as to commercially produce Lauth’s 
violet, and this was at that time considered especially desirable by 
some manufacturers, because the production of rosaniline in France 
was the monopoly of one house, and, therefore, derivatives of this 
colouring matter could not be economically made by others. 

Eventually a successful process was discovered by M. Bardy, 
chemist to the firm of Poirier and Chapat, which consists in heat- 
ing a mixture of aniline hydrochloride and methyl alcohol in a 
closed vessel to a high temperature. As is now well known, though 
not at first recognised, this process yields a mixture of mono- and 
di-methylaniline, consisting chiefly of the latter. Large quanti- 
ties of methylated aniline were soon produced by this process, and 
used in the preparation of a violet colouring matter which was 
manufactured by Messrs. Poirier and Chapat, and called by them 
violet de Paris ; a large block of this, weighing about 150 kilos., was 
exhibited in the Paris Exhibition of 1867(?). The question then 
arose as to whether violet de Paris was identical or isomeric with 
methylrosaniline violet. Lauth considered that it was isomeric, and 
remarks: “‘ Hofmann violets consist of methylated and ethylated 
resaniline, and rosaniline is derived from a molecule of aniline and 
two molecules of toluidine. The violet de Paris, on the contrary, is 
produced from pure aniline free from toluidine, transformed into 
methylaniline, which is isomeric with toluidine. This methylaniline 
when oxidised is converted into the violet which may have a com- 
position analogous to that of methylated rosaniline, but must differ 
from the latter in the same manner as methylaniline differs from 
toluidine.” 

Hofmann, being naturally interested in the relationship of these 
colouring matters, investigated the subject, and published his results 
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in 1873 (Ber., 6, 352). He first studied the conditions under which 
the colouring matter could be formed, showing that violet could be 
produced from pnre dimethylaniline obtained by the distillation of 
trimethylphenylammonium hydrate; he also came to the conclusion 
from the examination of the colouring matter that it was a methyl- 
chlorhydrate of trimethylrosaniline. 


CHis(C Hs)3Ns°CH;°Cl, the base being 
CoH 6(CH;);N3°C H;-HO. 


He prepared iodine green by methylating this compound ; also its 
leuco-compound. 

This research must have been a very difficult and laborious piece 
of work, and although Hofmann’s views as to the constitution of the 
dimethylaniline violet are not those now accepted, the accuracy of 
his work has not been impugned. 

‘The long controversy which arose, soon after the time when Hof- 
mann published his constitutional formula of rosaniline, as to the con- 
stitution of this colouring matter belongs to another chapter, and 
need not be referred to here. 

Mention has already been made of the process for methylating 
aniline discovered by Bardy, which consisted in heating this base 
with hydrochloric acid and methyl alcohol. In 1871 Hofmann and 
Martius (Ber., 4, 742) made some experiments in reference to this 
method, working at higher temperatures than those usually employed 
(280—300°), and continuing the heating for a considerable time; in 
this way they obtained, besides methyl and dimethylaniline, a quan- 
tity of basic oil of higher boiling point, which eventually proved to 
be a complex mixture of methylated homologues of dimethylaniline, 
the products of an intramolecular change or atomic wandering. 

These remarkable researches, like so many other purely scientific 
discoveries, ere many years had passed, were found to be of technical 
value in connection with the coal-tar colour industry, the cumidine 
that is so extensively used in the preparation of some of the diazo- 
colours being made by the method of Hofmann and Martius by heat- 
ing xylidine with hydrochloric acid and methyl alcohol to a high 
temperature, about 300°. 

Reverting once more to the early days of the coal-tar colour in- 
dustry, I may now mention that the liquors from which mauve was 
precipitated were found to contain a red colouring matter which I 
succeeded in separating, although the amount obtainable was very 
small. This proved to be a beautiful dye producing crimson-red shades 
on silk. It was afterwards discovered that it could be produced by 
the oxidation of mauveine, and it was prepared in considerable quan- 
tity in this way, but was a very expensive product, and therefore 
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not very largely"used. This dye-stuff was known first as“ aniline 
pink,” and afterwards as “safranine.” In 1865 a colouring matter 
having the properties of safranine was produced without the use of 
mauveine by F. Duprey, by heating commercial aniline dissolved in 
acetic acid with lead nitrate. It was then obtained by acting on 
commercial aniline with nitrous acid and oxidising the mixture with 
arsenic acid. The colouring matter prepared in this way was ex- 
amined by Hofmann and Geyger (Ber., 1872, 5,531). They found 
it to be a base forming crystalline salts, among others a hydrochlo- 
ride having the composition C,H.,N,Cl. As they found that it 
could not be produced from either aniline or paratoluidine, or a mix- 
ture of the two, but from orthotoluidine, they regarded it as a toluidine 
derivative. They also observed that the formula above given differs 
from that of mauveine by C,H,, making it appear possible that 
mauveine was phenylsafranine. In the course of an investigation of 
the safranine, obtained by the oxidation of mauveine, of which I 
published an account some time after this (J. Chem. Soc., 1879, 35, 
728), this substance was shown to form a hydrochloride represented 
by the formula C.H,,N,, which differs from that of the substance 
examined by Hofmann and Geyger by CH,. On examining a com- 
mercial product manufactured by Messrs. Guinon and Co, of Lyons, 
from commercial aniline, both substances were found to be present, 
showing that two “safranines ”’ existed, and I then also showed that 
probably a third was formed by the oxidation of pseudo-manveine. 

The formula of the safranine hydrochloride obtained from mau- 
veine will be seen from the above to differ from mazuveine by C,H, 
so that the relationship of these substances is probably not of so 
simple a character as Hofmann and Geyger supposed, thongh, of 
course, C;H, may simply mean displacement of hydrogen by tolyl. 
No doubt a great similarity exists between them, one proof of which 
is that their behaviour with sulphuric acid is analogous. This 
applies both to those referred to above and to the third compound 
since discovered. 

In 1875 Hofmann made an examination of eosin (Ber., 8, 62), and 
thus disclosed to the world an important manufacturing secret, 
proving to demonstration the impossibility in these days of long 
hiding from chemists the nature of any substance, however complex. 
Eosin, as is well known, was the first representative of a new class of 
colouring matters which has since become of great importance. 

Chrysoidine, which may fairly be termed the parent of an even 
more important class of colouring matters, the azo-dyes, the introdac- 
tion of which marks a new era in this branch of chemistry, was inves- 
tigated and publicly proclaimed by Hofmann in 1877 (Ber., 10, 213). 

The colouring matter to which he next directed his attention was 


‘ 
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pittacal, also called euppitonic acid, the interesting compound dis- 
covered by Reichenbach, as far back as 1835, produced from wood 
tar. Hofmann (Ber., 1878, 11, 1655; 1879, 12, 1371 and 2216) 
was led to regard this substance as hexamethoxyrosolic acid, 
C\pH,(OCH;).O0;; on treating it with ammonia, he obtained a beautiful 
blue dye-stuff, thus, 


C,;H.0, + 3H;N = C.;H;,N,0,0 + 20H,, 
which he regarded as hexamethoxypararosaniline, 
C,,H,;(OCH;).N;0. 
He then made the interesting discovery that the formation of 
pittacal, or euppitonic acid, from dimethylpyrogallate and dimethyl- 


methylpyrogallate took place in a manner analogous to that in which 
pararosaniline was formed, thus, 


2-C,H,N + C,H,N = C,,.H,,N; + 3H, 


Aniline. Toluidine. Pararosaniline. 


2C,H,,O; + C.:H2O; = C,Hx~O, + 3H, 
Dimethyl Dimethyl methyl- _Pittacol or 
pyrogallate. pyrogallate. euppitonic acid. 
comparisons which are of considerable interest. 

Hofmann’s last research in connection with the coal-tar colour 
industry was made as late as 1887, and related to the quinoline red 
prepared by Jacobson, in 1882, from coal-tar chinoline, benzotri- 
chloride, and zinc chloride. Hofmann, however, found that a better 
yield of colouring matter, either identical or isomeric with Jacobson’s, 
is obtained by using a mixture of isoquinoline and quinaldine. Like 
quinoline blue or cyanine, the colour is not a fast one, which, as pre- 
viously mentioned, is remarkable, considering the stability of quino- 
line itself. Itis a somewhat remarkable coincidence that this should 
have been the last research Hofmann made on the coal-tar colours, 
as chinoline (or leucoline) was one of the two substances he gave an 
account of in his first investigation published in 1843, when 30 years 
of age. 


Excepting what is said of pittacal, and the brief reference to eosin 
and chrysoidine, the foregoing account has reference only to what 
may be termed aniline colours, the great chapter on the history of 
technical chemistry, with which Hofmann’s name is indissolubly 
linked. 

An entirely new chapter in coal-tar chemistry opens in 1868, 
when Graebe and Liebermann (in connection with their researches 
on quinones) made their great discovery of the artificial formation of 
alizarin from anthracene. They pateuted their process in Germany 
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in October, and in this country on December 18th of that year. Their 
process, it is well known, consisted in producing dibromanthraquinone, 
either by brominating anthraquinone in sealed tubes, or by oxidising 
tetrabromanthracene, and subsequently displacing bromine by 
hydroxyl, by fusion with alkali. 

This discovery for the first time of a method of obtaining a vege- 
table colouring matter artificially was, however, as it stood, of no 
practical value, as such a process could not be carried out on a large 
scale. 

But why should this be mentioned here? It may seem that any 
reference to the alizarin industry is out of place in a notice designed 
to elucidate Hofmann’s influence on the development of our know- 
iedge of products derived from coal-tar, as he apparently never 
took any part in the investigation of anthracene derivatives. Yet it 
is to his influence that I can trace back my interest in the subject, for, 
as mentioned early in this account, the very first subject in research 
which he suggested to me was to prepare a nitro-compound and a 
base from anthracene. In tlhe course of this work I not only became 
thoroughly acquainted with this hydrocarbon, but also prepared 
anthraquinone and other derivatives of it, and consequently was, 
perhaps, more fully prepared than any other chemist of the day 
to appreciate the discovery of the relationship of alizariu to anthra- 
cene, and was naturally impelled at once to attempt to adapt it to 
practical requirements. It is more than probable that I should 
have paid but ordinary attention to Graebe and Liebermann’s work 
had 1 not possessed an early attachment to anthracene, and I am 
glad to recognise that I owe this to the knowledge and insight of my 
great master. 

Being aware of the importance of alizarin as a colouring matter, 
and having some quantity of anthracene and anthraquinone left over 
from my experiments at the Royal College of Chemistry, I commenced 
to experiment on the formation of this substance, with the object of 
finding a process by which bromine might be dispensed with. 

I knew of the remarkable stability of anthraquinone: that it could 
be crystallised from concentrated sulphuric acid without undergoing 
change, and that in making a combustion of it, if the operation were 
at all hurried, part of the anthraquinone would pass through the 
heated tube, and condense at the cool end unaltered. 

Moreover, not long before I commenced to work at the artificial 
formation of alizarin, namely, in 1867, Wurtz and Kekulé had shown 
that when benzenesulphonic acid was heated with potassium hydrate, 
it gave phenate and sulphite; and Dusart had also found that 
naphthalenedisulphonic acid was in like manner converted into a 
dihydroxynaphthalene ; so that it appeared probable that if a disulph- 
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onic acid of anthraquinone could be obtained, it would be possible 
to convert it by the new reaction into alizarin, 

Anthraquinone was therefore heated with oil of vitriol more and 
more strongly, until the boiling point was nearly reached, as I was 
determined either to obtain a sulphonic acid or destroy the anthra- 
quinone; and at last it was found that the anthraquinone had dis- 
appeared, yielding a product which was soluble in water. After the 
excess of sulphuric acid had been removed in the usual way with 
barium carbonate, the product was fused with caustic alkali, and to 
my delight it changed first to violet, and then became black from the 
intensity of its colour. On dissolving the melt, a beautiful purple 
solution was obtained, which gave a yellow precipitate when acidified, 
and on examination this was found to dye mordanted cloth like 
garancine. 

On the 20th of May (1869) I sent dyed patterns to my friend Mr. 
Robert Hogg, of Glasgow, who had a very large experience in refer- 
ence to madder and garancine, and also of the coai-tar colours from 
the days of the mauve dye, whose opinion I valued very much in 
all practical matters connected with dye-stuffs, especially from a 
commercial point of view, and he was very favourably impressed 
with the results I had obtained. This process, however, was not 
patented until June 26. (About the same time as I discovered this 
process, Graebe, Liebermann, and Caro quite independently arrived 
at the same result in Germany.) This process has proved the most 
permanently important one yet discovered, and is the one still uni- 
versally used. I was also fortunate enough to discover a second 
process, which was of great value in the early days of the industry. 
but is not in use now so far as I know. It consisted in the use of 
dichloranthracene us the starting point, instead of anthraquinone. 
This substance was found to readily afford a sulphonic acid, which 
could be easily changed into anthraquinonesulphonic acid, either by 
oxidising its solution with manganese dioxide or more simply by 
heating it with sulphuric acid. This process was patented in 
November, 1869. 

After discovering processes by which artificial alizarin could be 
produced, the technical value of the artificially prepared dye-stuff 
had to be ascertained. Kxperiments were soon made by the calico 
printers, as no new processes had to be discovered for the application 
of this colouring matter, those in use for madder and garancine being 
suitable. Turkey-red dyers also experimented with it, but some were 
not so successful as others, for reasons easily understood afterwards, 
when the properties of anthrapurpurine, which it contained, were 
better known. 

The subject of price, however, was the important question, because 
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this product had to compete with those already in the market, namely, 
madder and garancine, and therefore high prices could not be obtained 
as in the case of a new dye. 

Before this could be settled, the first thing necessary was to get a 
supply of anthracene. ‘This substance was not at this date separated 
by the tar distillers, there being no use for it; many of them, in fact, 
knew nothing of its existence, and the question as to whether it could 
be obtained in sufficient quantity and at a sufficiently low price had 
to be settled. 

But experiments I had made on the small scale, on the dis- 
tillation of soft pitch, at the Royal College of Chemistry, gave 
me confidence, and my brother and I entered into the matter 
with great energy.* At first we prepared anthracene by distilling 
pitch ourselves, and thought of using this as a source of this 
hydrocarbon on an extensive scale, as we felt it was capable of 
yielding a considerable supply. We knew, however, that it could 
also be obtained from the last runnings of the tar stills, from which it 
crystallised on cooling. My brather, therefore, visited nearly all the 
tar works in the kingdom, and showed the distillers how to separate 
the anthracene, promising to take all they could make, and in this 
way a sufficient and rapidly increasing supply for our requirements 
was soon obtained of all sorts of qualities, some being not much 
thicker than pea soup, from the imperfect way in which it was 
drained. Very few tar distillers in those days had hydraulic presses, 
such as are now used, with which they could free the solid from the 
excess of oil. The value of the anthracene was estimated by washing 
with carbon bisulphide, afterwards alcohol was used, but for our own 
purposes we all along used an anthraquinone test. This method was 
afterwards worked out more perfectly on the Continent, and made a 
practical test for both the buyer and seller; but at the time I am 
writing of tar distillers were not sufficiently educated in such matters 
to use any but very simple tests. 

The purification of the anthracene sufficiently for our purpose had 
then to be worked out, and in doing this I found out a curious fact, 
namely, that when distilled with caustic potash it was much improved 
in quality—considerably more so than when distilled either alone or 
with caustic soda. And potash distilled anthracene was especially 
necessary when dichloranthracene had to be prepared, as it yielded a 
well-crystallised, easily purified product, whereas anthracene which 
had been distilled, either alone or with caustic soda, gave a badly- 
crystallised, sticky product, which was very difficult to purify. 

On examining into the action of caustic potash on anthracene, it was 


* My father, to whose great kindness I was so much indebted, died in 1864, so 
that our firm then consisted only of my brother and myself. 
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found that if, after the anthracene had been distilled off, the residue 
was freed from akali by washing, and then distilled, a substance very 
like anthracene was obtained, which Graebe subsequently found to 
be the nitrogenous compound now known as carbazol. It is by 
means of caustic potash that this substance is now separated from 
crude anthracene, and the process is still used to a large extent to 
improve the quality of anthracene. All the anthracene we used at 
Greenford Green was treated in this manner. 

The purification of the anthraquinone was at first effected by sub- 
limation, followed by crystallisation. A good deal of difficulty was 
experienced in the conversion of this substance into its sulphonic acid, 
however, and at the high temperature at which combination took 
place, the formation of steam from the water produced at the same 
time led to considerable quantities of the anthraquinone becoming 
sublimed, which, although not lost, yet was a source of trouble in 
various ways. The means of overcoming this difficulty was to 
use faming sulphuric acid, with which anthraquinone combined at a 
much lower temperature, but the only acid of the kind then made 
was the old-fashioned Nordhausen acid. We imported a quantity of 
this, and, of course, found it to work satisfactorily, but the diffi- 
culties and expense conuected with the carriage and transport of this 
substance on account of its dangerous nature—supplied as it then 
was in large earthenware bottles—made it unsuitable for use in this 
country. 

The artificial alizarin we first made was produced by the anthra- 
quinone process, the metliod still used for its manufacture, but the 
difficulty in preparing the sulphonic acid in those early days just re- 
ferred to caused us to turn our attention to the second process I had 
discovered, in which dichloranthracene was used. After finding out 
the best way of preparing the substance, our difficulties in reference 
to the sulphonic acid vanished, as dichloranthracene dissolves easily 
in hot ordinary oil of vitriol, producing dichluranthracenedisulph- 
onic acid ; on continued heating this acid oxidises, hydrogen chloride 
and sulphus dioxide being orlvel and anthraquinonedisulphonic 
acid formed. Without this process, the manufacture of artificial 
alizarin in this country could not have been carried on with much 
success in the early days of its manufacture. 

The conversion of the anthraquinonesulphonic acids into colour- 
ing matter by treatment with caustic alkali at a high temperature at 
first presented many difficulties when carried out on the large scale. 
Our earliest experiments were made by heating the mixture in iron 
trays in a large air bath. Mixtures of caustic potash and caustic 
soda were also experimented with instead of caustic soda alone. 
Then the mixture was placed in a revolving cylinder, heated in an 
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air bath, small cannon balls being put into the cylinder to mix the 
product. But all these methods were only partially successful, the 
percentage of colouring matter produced not being so high as it 
should have been. At last heating in a very strong iron boiler 
under pressure was resorted to, and by adopting this method— 
which is now that universally used—we obtained a satisfactory result. 

From the experiments we made in 1869 we felt pretty confident 
that artificial alizarin could be made at a price to compete with 
madder and garancine, and before the end of the year we had pro- 
duced 1 ton of this colouring matter in the form of paste, in 1870 
40 tons, and in 1871 220 tons, and so on in increasing quantities 
year by year. 

The colouring matter produced from dichloranthracene was chiefly 
anthrapurpurin containing a little flavopurpurine. Theoretically it 
should have consisted of these products only, but owing to the occur- 
rence of a secondary action, which I need not refer to here (see 
Lectures Soc. Aris, May 30th, 1879), it also contained alizarin, which 
we sometimes separated when required for dyeing purples. This 
colouring matter yielded a shade of colour which answered most of 
the requirements of the consumers for some time, as it was chiefly 
used by the Turkey-red dyers, and the supply being limited, it was 
often used in combination with garancine, as in this way more 
brilliant reds could be obtained than when using garanciue alone, 
though, of course, the use of the artificial colouring matter alone 
yielded still clearer and more fiery shades. 

Dichloranthracene was afterwards found to yieid a monosulphonic 
acid when treated with sulphuric acid, provided the temperature were 
kept low and the amount of acid limited; and when oxidised with 
manganese peroxide or other oxidising agent, this yielded anthra- 
quinonemonosulphonic acid, from which alizarin alone could be 
obtained. But the properties of dichloranthracenemonosul phonic 
acid were such, and the technical difficulties of carrying out the pro- 
cess so considerable, that it was never used very successfully. More- 
over, by this time, fuming sulphuric acid had come into use, and 
antbraquinonemonosulphonic acid could be more readily produced 
directly from anthraquinone. As we had been successful in producing 
artificial alizarin, others did not run much risk in following our 
lead ; yet, up to the end of 1870, the Greenford Green Works were 
the only ones producing artificial alizarin. German manufacturers 
then began to make it, first in small and then in increasing quantities, 
but until the end of 1873 there was scarcely any competition with our 
colouring matter in this country. 

From the foregoing, it is seen that, as in the case of the aniline 
colours, all the pioneering work connected with the foundation and 
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establishment of this branch of the coal-tar colour industry was also 
done in this country. 

For the due development of this industry, it was necessary not 
ouly to attend to technical processes, but also to carry on scientific 
research in connection with it. Early in 1870, I had the honour of 
bringing before this Society an account of some experiments on the 
formation of the colouring matter obtained from the sulphonic acids 
of anthraquinone, showing that it contained alizarin possessed of both 
the chemical and optical properties of that obtained from madder 
root. At the same time, attention was directed to the existence of a 
second colouring matter, yielding reds more svarlet and purples of a 
blaer shade than alizarin (J. Chem. Soc., 1870, 23, 133). This second 
colouring matter was afterwards made the subject of further investi- 
gation, and shown to be an isomer of purpurin ; it was therefore called 
enthrupurpurin (J. Chem. Soc., 1872, 25, 659, and 1873, 26, 425). Di- 
chlor- and dibrom-anthracene and their disulphonic acids, &c., were 
also investigated. Anthraflavic acid, discovered by Schunck in some 
secondary products sent to him from my works, was made the subject of 
two researches ; in the first of these, this compound was shown to be 
an isomer of alizurin, and not to contain C,;, as supposed by its dis- 
coverer. In the second, the sublimed acid was examined and found 
to be identical with the unsublimed; it was also shown that when 
fused with alkali it did not yield alizarin, as stated by Schunck, but a 
colouring matter yielding orange-red colours with alumina mordants. 
This, Schunck and Roemer, some time afterwards showed to be 
another isomer of purpurin which was named by them flavopurpurin. 

In this investigation, anthraflavic acid was found to yield a diacetyl 
and dibenzoyl derivative, which was evidence that it contained two 
hydroxyl groups like alizarin (J. Chem. Soc., 1873, 26, 19). Later on, 
an investigation was made on the formation of anthrapurpurin, proving 
that, as in the case cf flavopurpurin, the formation of the colouring 
matter from the disulphonic acid of anthraquinone is preceded by 
that of a dihydroxy-derivative, also an isomer of alizarin, now known 
as isoanthraflavic acid, which, when heated with caustic alkali, is par- 
tially oxidised into anthrapurpurin and partially reduced (J. Chem. 
Soc., 1876, i, 29, 851). Besides these, the formation of bromalizarin 
(J. Chem. Soc., 1874, 27, 401), of A-nitroalizarin (J. Chem. Soc., 
1876, ii, 30, 578), of anthrapurpuramide (J. Che. Soc., 1878, 33, 
216), and of the dibromanthraquinones discovered by Graebe and 
Liebermann and the colouring matters obtainable from them, were 
investigated (7. Chem. Soc., 1880, 37, 554). Much work has also 
been done in reference to this industry by Graebe and Liebermann 
and other investigators. 

The manufacture of artificial alizarin in Germany has becn almost 
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entirely confined to the anthraquinone process, fuming sulphuric 
acid being used in the preparation of the sulphonic acids. For this 
purpose very strong acid, containing about 40 per cent. of anhydride, 
was made from Nordhausen acid, and used until the process of making 
sulphuric anhydride by decomposing sulphuric acid into sulphurous 
oxide, oxygen, and water, and recombining the two former, was intro- 


duced. 


After being engaged in the coal-tar colour industry for 18 years, 
my connection with it, technically, came to an end in 1874, when the 
alizarin industry had been well established and was rapidly 
extending. 

On locking back over the period, it is of interest to see the 
wonderful progress the industry had made up to that time—a pro- 
gress which was going on by leaps and bounds. I bave no statistics 
connected with the precise period, but four years afterwards, namely 
in 1878—with the kind assistance of Dr. Caro—an estimate of the 
value of the colours produced daring that year was obtained, at a 
time when the industry had just passed its majority and was 
22 years old. The sum amounted to £3,150,000. (See Jour. Soc. 
Arts., May 30, 1879.) Of its present position, it is very difficult to 
speak. Certainly its progress has been very great since 1878; but 


chiefly owing to the svientific skill bestowed upon the production of 
the colouring matters, their cost has been greatly diminished, so that 
I understand rosaniline hydrochloride, which once was worth about 
£3 3s. per ounce, may now be purchased at 2s. 9d. per lb., and 
aniline at less than 6d. per lb. 

* * * * * * » 


Doring the early days of the coal-tar colour industry, the com- 
plaint was made that the prosecution of purely scientific chemistry 
was being injured by its influence, as chemists were everywhere 
experimenting with aniline and other products, with objects of a 
more selfish than scientific character. It is probable that there 
was some truth in this for a time, but it was not long before a 
welcome change set in, and the work carried on in relation to this 
industry was soon conducted in a scientific spirit, eveu when the 
result sought for was expected to be of technical, as well as 
where it was expected to be of scientific, value. But the amount 
of work carried on from the latter point of view increased more 
and more, as interesting questions connected with the colouring 
matters and the methods by which they were produced presented 
themselves to chemists, and now if we look back and consider what 
has been accomplished, we find that this industry has directly and 
indirectly had a most marvellous influence on the advancement of 
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chemical science, especially that part of it relating to the aromatic 
series of compounds. No other industry in existence can at all be 
compared with it from this point of view. This has arisen from a 
variety of circumstances, one of which is that it has not been carried 
on by the rule of thumb method which has been so common in other 
cases. Again, as it has utilized the discoveries of chemists, it has 
handed back to them in return new products which they could 
not have obtained without its aid, and these have served as 
materials for still more advanced work: this kind of exchange, in- 
deed, has been going on so repeatedly, that products formerly of 
the rarest and most complex character are now quite common sub- 
stances in the coal-tar colour works. 

We knew that aniline was at first a rare substance, and when it 
was afterwards proposed to use ethyl and methyl iodides in the pre- 
paration of ordinary dye-stuffs, it seemed incredible that such sub- 
stances could be introduced for such a purpose as already mentioned, 
substances which were but rarely met with even in chemical labora- 
tories : but what are these compared with the substances now in use ? 

—their names would be too numerous to mention. One of the most 
striking facts connected with this industry is the remarkably rapid 
way in which it has utilized new discoveries which have often been 
no sooner’ made than they have been practically applied. This no 
doubt arises from the fact that an ever increasing army of highly 
trained and highly gifted chemists are engaged in the industry, 
especially on the Continent, provided with splendid laboratories, 
libraries of scientific works and all the most advanced appliances 
required in scientific research ; and the members of this army are 
not only making discoveries themselves and applying them, but are 
always on the alert to make the discoveries of others subservient to 
the industry. 

As I have already mentioned, when this industry was first instituted, 
organic chemistry was comparatively in its infancy, especially if we 
regard it from our present standpoint. Kekulé had not then brought 
forward his remarkable benzene theory, and after he had done so its 
bearings required much elucidation before their importance was well 
understood. Only solid toluidine was known, orthotoluidine not 
having been discovered, although it was constantly present in the high 
boiling aniline used in making rosaniline; but now the facts con- 
nected with the ortho-, meta-, and para-position in substances con- 
taining the benzene nucleus, or of the a- and f-positions in the 
naphthalene series, are among the most important to be considered in 
the manufacture of colouring matters; in fact, this industry has done 
more to accentuate the importance and character of these positions. 
than any other kind of experimental work. 
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Although at the commencement of the industry a good deal of 
work of a purely experimental character had to be done, nevertheless. 
from the first it was carried out on scientific lines, and this character- 
istic increased very rapidly, as is seen by the early date at which mauve 
and magenta were obtained in the pure crystallised condition: it was 
at this period, as previously stated, that Hofmann commenced his 
researches on rosaniline and its derivatives, and on other colouring 
matters, and these researches, taken with those of others, bear out the 
observations which have just been made. In looking over the work of 
Hofmann in this field, all who have had experience in the investiga- 
tion of the subjects he undertook must realise that they presented no 
ordinary difficulties, especially as for some time he had nothing to 
guide him in his conclusions but the analytical results. In the 
early days of organic chemistry, it is well known that on finding 
colouring matters in the products they were examining, chemists 
usually regarded them as impurities, and the use of animal charcoal 
and other means were resorted to for the purpose of getting rid of 
them ; and those who undertook the examination of colouring matters 
themselves were considered as bold men, and not likely to get much 
result from their labour. Doubtless, there was much truth in this. 
Hofmann, however, was a bold man, and not one to be daunted, but 
rather inspired, by difficulties; and from his results we see how great 
his success was in this department of chemistry, some of his work 
proving to be of direct practical value, whilst other parts possessed 
important bearings both on the practical and scientific development 
of this subject. His researches on colouring matters extended over 
“a quarter of a century, commencing in 1862 with rosaniline, and 
ending in 1887 with quinoline red; and during that period there 
were but few years in which he did not produce one or more investi- 
gations, either related to colouring matters or the products connected 
with their production. 

It will be obvious from what has been said, how Hofmann’s early 
work—after that of Faraday, Unverdorben, Runge, Fritzsche, 
Mitscherlich, and Zinin—continued to pave the way for the introduc- 
tion of the coal-tar colour industry, also how the important influence 
he exercised on the training of his students led in the same direction. 
i especially refer to Mansfield, who did such valuable work on coal- 
tar, and Nicholson, whose chemical education under Hofmann was 
such an important preparation for the work he undertook in after 
years on rosaniline and its derivatives; and if I may speak for 
myself, I can only say how much I owe to Hofmann’s training, which 
fitted me to carry out the work which fell to my lot in connection 
with the introduction and development of this industry. Then if we 
further consider the importance of the beautiful researches Hofmann 
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made, some of which yielded practical results, throwing fresh light 
on the nature of the colouring matters and prodvcts related to them 
which were obtained as time went on, some idea may be formed of 
the contributions made by Hofmann and his school to the coal-tar 
colour industry. 

And yet we must bear in mind that his work in this department of 
chemistry represents but a smal! part of all that he accomplished— 
indeed, the amount of scientific work he did was something marvel- 
lous. 


Notes on Hofmann’s Scientific Work. 
By Henry E. Armstrone. 


“ The eye may rest with complacency upon the simple beauty of the law which 
governs the construction of the bodies belonging to the type of ammonia.” 


The accounts of Hofmann given by Lord Playfair, Sir Frederick 
Abel and Dr. Perkin are of the greatest value, as affording us the 
means of knowing the conditions under which he was placed in this 
country, as well as of understanding the man and the marvellous 
influence he exercised on all who enjoyed the advantage of working 
with him. Dr. Perkin’s autobiographical reminiscences, and his fre- 
quent references to others who laboured successfully in the same field 
with himself—who, like himself, had been pupils under Hofmann— 
are a striking testimony to the value of the training imparted by the 
great master; and this has received even fuller recognition from those 
who were influenced only at a distance, notably in Dr. Caro’s 
masterly monograph published in 1892 by our German colleagues, 
as well as in the address delivered by Professor Tiemann shortly 
after Hofmann’s death. 

When we take into account the state of knowledge at the present 
day, and the conditions under which we now work, the contrast 
which the pictures painted by our three essayists present is indeed 
a striking one. Starting in times of what may fairly be called rudi- 
mentary civilisation, when chemistry could scarcely be called a science, 
so incomplete and uncoordinated was our knowledge, even ere 50 years 
are lapsed, we find ourselves in an age of luxurious material profusion, 
equipped with an extraordinary wealth of new and potent methods of 
inquiry ; methods which have already enabled us to penetrate deeply 
into the inner mysteries of nature in a manner which must have 
been altogether inconceivable in Hofmann’s early days—for, as 
Dr. Perkin tells us, those were times when the constitution of com- 
pounds was worked out on simple arithmetical lines. 

And the progress of the industry which it will ever be the proud 
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boast of the Hofmann school to have founded is even more marvellous ; 
no fairy tale can match its wonders. Moreover, as its biographers, 
Perkin and Caro—the two men who, with Hofmann and Nicholson, 
have done most to develop it—imply, the doctrine that action and 
reaction are equal and opposite was never more strikingly illustrated, 
the effect produced by the trauslation into practice of the results of 
inquiries undertaken with purely scientific objects in view having almost 
invariably been followed within a short time by the fullest repayment, 
in the form either of materials needed by the scientific inquirer or of 
new problems for investigation, and that apart from the encouragement 
afforded to workers by the prospect of material rewards. The example 
thus set has spread to other industries. All who have studied the 
question are agreed that it is impossible to overrate the share borne 
by Hofmann, both directly and indirectly, in promoting such progress ; 
to repeat words the present writer used on the occasion of the memo- 
rial meeting, we are indebted to him probably to a far greater extent 
than we shall ever be able to realise, and he will undoubtedly rank 
among the chemists of the Victorian era as second only to his great 
master, Liebig—to whom, indeed, he bore the greatest resemblance, in 
being possessed of most unusual powers of influencing others and of 
inciting them to work. 

Hofmann’s own prescience in appraising the national value of science 
was remarkable, and it is clear that the influence he exercised in intro- 
ducing scientific method into industry was in no sense accidental, 
but the considered expression of innate convictions. This is clearly 
shown by his “ Remarks on the Importance of Cultivating Experi- 
mental Science in a National Point of View,” the substance of a 
lectnre delivered at one of the evening meetings of the College 
which is appended to the preface to the volume of Reports of the 
Royal College of Chemistry and Researches conducted in the Laboratories 
in the Years 1845-47, published in 1849. In concluding this he 
says— 

“ My principal object, on the present occasion, bas been to insist upon the 
importance of cultivating natural science in its bearings upon the whole 
mechanism of society, as the mainspring both of individual and national 
prosperity ; and I cannot conclude more appropriately than in the words of 
the venerable Humboldt, one of the most distinguished philosophers of the 
present age: ‘ An equal appreciation of all parts of natural knowledge is an 
especial requirement of the present epoch, in which the material wealth and 
the increasing prosperity of nations are in a great measure based on a more 
enlightened employment of natural products and forces. The most super- 
ficial glance at the present condition of European states shows that those 
which linger in the race cannot hope to escape the partial diminution, and 
perhaps the final annihilation of their resources. It is with nations as with 
nature, which, according to a happy expression of Goethe, knows no pause in 
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increasiug movement, development, and production, attaching a curse to 
standing still. 

“*¢ Those states which remain behind in general industrial activity, in the 
selection and preparation of natural substances, in the application of 
mechanics and chemistry, and in which a due appreciation of such activity 
fails to pervade all classes, must see their prosperity diminish, and that the 
more rapidly as neighbouriag states are meanwhile advancing, both in science 
and in the industrial arts, with, as it were, renewed and youthful vigour.’ 
—Cosmos.” 


A suggestive paragraph occurs in Lord Playfair’s notice which may 
svell be read in connection with this quotation from Humboldt. It is 
a grave question whether Hofmann was not led to accept the invita- 
tion to quit this country and return to his fatherland because he was 
able to fathom the hopelessness of the situation here, and foresaw— 
as events have proved—that Humboldt’s countrymen alone could 
appreciate his warning. Perhaps he felt our insular conservatism to 
be beyond even his powers, and understood that men like Perkin 
and Nicholson had but strayed into industrial pursuits, and were in 
mo sense representatives of the English character. Whatever may 
be the explanation, it cannot be denied that the higher chemical 
industries have rapidly retrograded in this country almost from the 
moment of Hofmann’s departure ; and it can scarcely be doubted that 
had he continued to exert his unrivalled personal influence, our manu- 
facturers would long ere this have been persuaded to follow the 
methods so successfully adopted by others, and to fully avail them- 
selves of the services of well trained scientific assistants. 

Seeing that no scientific man has ever more directly influenced 
industry, it is interesting to note that, at the very outset of his career, 
Hofmann entered into direct and intimate relations with industrial 
workers; in fact, in his first paper he expresses his indebtedness to 
this friend Ernest Sell, in whose asphalt works at Offenbach, on the 
‘Main, the crude basic oil he used in his research was separated from 
Belgian tar ; the association thus established appears to have had a 
determinative influence on his whole life. This fact is of no slight 
importance. 

In order to understand Hofmann’s services to science, it is neces- 
sary to consider his work as a whole, not merely that relating to 
colours, which after all is to be regarded as but a single episode in a 
remarkably varied career. It is indeed remarkable how much of 
what is now the framework of our science is traceable to his labours. 
In order that this may be realised, it will often be desirable to quote 
his own clear and graphic statements, sometimes at considerable 
length; their style is at all times characteristic; and they are of 
considerable historical interest, as showing how discoveries of such 
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fundamental importance were arrived at and that devotion to the 
highest scientific aims is compatible with the existence of the 
greatest possible interest, and even active participation, in industrial 
pursuits. Hofmann may be said, indeed, to have been a technical 
chemist par excellence, and his school the type of a true technical 
school ; it is the infusion of the spirit in which he worked into Ger- 
man chemical industry that undoubtedly has led this to achieve such 
marvellous results, especially during the past five and twenty years. 
* * * * * 

His first investigation was published in 1843, in Liebig’s Annalen. 
(47, 37—87), under the title ‘“‘ Chemische Untersuchung der organ- 
ischen Basen im Steinkohlentheerél.”* He concludes with the 
warmest expression of thanks to his teacher—Professor Liebig—in 
whose laboratory the work had been executed. With remarkably 
few exceptions, all his subsequent investigations are clearly the 
logical outcome of this his earliest inquiry. Seldom has an original 
worker proved so true to his first love, but seldom has a worker 
fallen on a theme permitting of such infinite extension. 

We not only find the key to his later work in this paper. The 
power of exposition of which he became so great a master is already 
beginning to show itself, although the highly polished diction and 
cosmopolitan wealth of expression which so distinguished his later 
writings are not yet in evidence ; these were probably in part derived 
from his philological training—of which Lord Playfair reminds us— 
but doubtless also largely the outcome of inherent qualities of mind, 
reflections of the inner man. But finish of style and completeness. 
are equally apparent in the work itself, and it is obvious that the 
care which he devoted to the illustration of his lectures, and the 
insistence on the purification of any substance to be dealt with in an 
investigation, to which Dr. Perkin refers, were also but expressions: 
of his innate character. 

The finished style of his early work, which presumably was. 
entirely his own, appears all the more remarkable when we bear in 
mind that—as all who were associated with him tell us—he was. 
himself a most awkward manipulator; and that the success he after-- 
wards achieved was due to his extraordinary power of inciting others 
to work, and to the remarkable judgment he displayed in selecting 
helpers gifted with powers of experimenting with which himself he- 
was so indifferently endowed. And the manner in which he returned 
his thanks was equally striking and characteristic; indeed, if the 
complimentary references in his papers to those who at various times. 


* The same paper was subsequently published in the Philosophical Magazine,, 
1844, 24, 115, &c., under the title “‘A Chemical Investigation of the Organic 
Bases contained in Coal-gas Naphtha.” 
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assisted him were collected, they alone would afford an interesting 
and matchless record of his diplomatic talents and courtly manners. 

His work on coal tar was published less than ten years after 
Runge (1834) had discovered in that substance kyanol, leukol, pyrrol 
aud carbolic acid, no one of which he analysed, however; but Laurent, 
shortly before Hofmann’s work was carried out, had ascertained the 
composition of carbolic acid and had termed it phenyl hydrate. 
Judging from his own statement, Hofmann appears to have been led to 
undertake the investigation of Runge’s kyanol and leukol because they 
were described as basic substances, at a time when such substances 
were attracting special attention in Liebig’s laboratory, and he only 
refers to Fritzsche’s anilin, Unverdorben’s krystallin and Zinin’s 
benzidam after describing his work on kyanol. According to Pro- 
fessor Tiemann, however, Liebig had proposed to him to clear up the 
relationship of anilin, benzidam and krystallin, which Erdmann had 
suggested were identical, and Professor Tiemann leads us to suppose 
that the examination of Runge’s leukol was incidental to this inquiry, 
but of this there is no mention in the paper. 

Hofmann separated kyanol from leukol—he obtained only about 
1 per cent. of basic oil from the heavy tar oil—by distillation, but 
purified it by conversion into the oxalate, which he recrystallised 
from absolute alcohol. He fully described its properties, several of 
its salts, and its more characteristic actions. At the close of the 
paper, he describes a number of important observations on its 
behaviour with a mixture of muriatic acid and potassium chlorate— 
an agent already applied by Fritzsche to anilin—obtaining chloranil, 
which Erdmann had previously prepared from isatin and chlorine ; 
benzidam was shown to behave similarly. By the action of chlorine, 
he obtained products identical with substances previously prepared 
by Erdmann from indigo, one of which he recognised as trichlorinated 
phenol, Laurent’s chlorophenissic acid. Nitric acid, in like manner, 
was found to produce picric acid. Important use was made of these 
observations : the simultaneous production of phenol and kyanol on 
distilling coal, and the formation of the same chlorinated and nitrated 
compounds from both, leading him, in fact, to regard them as related 
compounds, and accepting Laurent’s view that carbolic acid was the 
hydrate of the oxide of an organic radicle, C,H», phen, he repre- 
sented kyanol as the amide of the same radicle—as phenamide, 
CyuHy + N:H,. Futile attempts to convert phenol into kyanol, made 
from this point of view, are then referred to.* 


* A short time afterwards, however, Laurent and Hofmann succeeded in effect- 
ing the conversion. The note on the subject which Laurent communicated to the 
French Academy on December 26, 1843 (Compt. rend., 17, 1366) has apparently 
not received the attention it deserves; no better evidence could be given of the 
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The clearness of Hofmann’s theoretical conceptions at this time 
does not appear to have been sufficiently recognised ; yet it is certain 
that he did far more than merely discover aniline in coal tar and 
prove its identity with certain products from other sources: he at 
once saw that he had discovered not a substance only, but a problem. 
Moreover, after objecting to the name kyanol, because it was made 
up of words from two languages, one of which was already appropri- 
ated; and also to anilin and benzidam as defining its relation to 
certain classes of compounds, and therefore undesirable, as it could 


extent to which he was in advance of his time, even as regards the constitution of 
bases like aniline. Laurent writes as follows :— 

Sur un nouveau mode de formation de Vaniline. M. Ava. LAURENT.—J’ai 
entrepris avec M. Hofmann quelques recherches ayant pour but de préparer 
aniline. Je pense que les idées qui nous ont servi de guide dans ce travail 
pourront intéresser les chimistes. 

L’aniline pouvant étre considérée comme l’amide de l’acide phénique, 


Acide phénique eeeeeeeeeereseeese Co4H20e 
Aniline eeeeeeee CaHyo,H, Azo. 


Nous pouvions espérer de transformer l’acide en amide, en faisant réagir l’am- 
moniaque sur lui, On devait avoir: 
C2;H 202 + H,Aze = Co4H Az + H,0.. 
Comme le phénate d’ammonium se décompose trés-facilement par la distillation 
en acide et en ammoniaque, nous avons d’abord essayé de faire réagir ces deux 
corps 4 une température rouge, mais sans avoir l’espoir de réussir. En voici la 
raison, telle que je l’ai donné a M. Liebig, qui assistait & notre expérience. 
Supposons que l’ammoniaque puisse réduire, & une température rouge, l’acide 
phénique et former de l’eau, on devra obtenir, si les idées que j’ai développées sur 
la substitution sont vraies, non de |’aniline, mais un composé isomére. En effet, 
la formule rationelle de l’acide phénique doit se représenter par 
CoHye + O, 
Ajoutant Pammoniaque .... 4.06 


Retranchant ...... wwieus 


Co,Hy, + H,Az, 


e’est-a-dire, de l’acide phénique dont les deux atomes d’oxygéne sont remplacés 
par deux atomes d’imide. 


Or, l’aniline ne renferme pas d’imide, mais de ]’amide, ce qui se demontre trés- 
favilement par les deux méthodes qui servent a la préparer. 
Premiere Méthode. 
Le phéne (benzéne) = C.,Hjo, 
il donne avec l’acide nitrique, 
Le nitrophénase = CyHj9(Az20,), 


celui-ci donne avec l’hydrogéne sulfuré, en remplacant O, par H,, 
L’amidophénase (aniline) = C,Hj9(Az.H,). 
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be obtained from so many sources: he suggested the selection of 
krystallin from among the names proposed, wntil it should be possible 
to establish by experiment the scientific name phenamide. Why he so 
soon afterwards adopted the name aniline is not evident: no other 
appears in any of his subsequent papers, except phenylamine when 
theoretical relations are under discussion. 

Even with the evidence afforded by his first paper alone before us, 
it cannot be said that Hofmann was not a theorist; it is true that he 
took little part in the later developments of chemical theory, but it is 
‘equally clear on studying his early work that from the very begin- 
ning, after he had grasped the fact that phenol and aniline bore a 
close genetic relation to each other, the whole of his work was based 
on, and consistently guided by, clear theoretical conceptions. We 
must remember that during many years he devoted himself to the 
study of compounds of a very simple type—the amines—and being 


moulded on such a model, his style naturally became a simple one. 
* * * * * 


Deuxiéme Méthode. 


La formule rationnelle de l’acide anthranilique doit se représenter par 
C,CgHio(Az,H,) + O, 
En enlevant.... Cy, O, 


On obtient encore l’aniline.... C2,Hj9(Az.H,) 

J’ajoutai 4 M. Liebig que nous n’aurions pas réussir que si le phénate d’ammo- 
nium edit pu résister 4 une plus haute température. 

En effet, si le phénate d’ammonium ne pouvait se décomposer qu’é 300 degrés, 
par exemple, cette température serait peut-étre suffisante pour permettre 4 
l’hydrogéne de l’ammonium de se combiner avec l’oxygéne. On aurait alors 

Phénate d’ammonium Co4Hj2(HsAzs) + O2 
Retranchant ....+.eee0+5 Hy O: 


Tl reste de l’aniline ........ CoyHyo (HyAze) 


Notre expérience ne nous donna aucune résultat. L’aniline et l’ammoniaque 
passérent dans un tube chauffé au rouge sans se décompose mutuellement. 

Nous avons alors renfermé du phénate d’ammonium dans un tube de verre 
trés-épais que nous avons fermé A la lampe, et nous l’avons exposé pendant quelques 
instants, dans un bain d’huile, 4 la température de 260 degrés environ. Aprés le 
refroidissement nous avons trouvé des traces d’aniline dans le produit. 

Nous avons recommencé l’expérience, mais nous avons placé le tube dans un four 
dont la température pouvait varier de 100 & 300 degrés, et nous l’y avons luissé 
pendant deux A trois semaines. En brisant le tube, nous y avons trouvé une assez 
grande quantité d’aniline. Il est bien évident que la réaction est due & la décom- 
position du phénate d’ammonium, et non dla décomposition mutuelle de l’acide 
phénique et de l’ammoniaque, puisque ces deux corps ne réagissent pas l'un sur 
autre 4 une température rouge. 

On entrevoit la possibilité de faire de la quinine, de la morphine, &c., si l’on 
parvient 4 découvrir des composés correspondant a l’acide phénique. 
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The investigation published in 1845, under the title ‘On the Meta- 
morphoses of Indigo. Production of Organic Bases which contain 
Chlorine and Bromine” (Chem. Soc. Memoirs, February, 1845, 2, 266), 
must be regarded as the real starting point in Hofmann’s scientific 
career. To this is appended the following memorable postscript— 

“T have had the pleasure of witnessing the care and accuracy with which 
the author of this paper has proceeded in making his observations and 
establishing his facts. It appears to me that he has produced a definite and 
irrefragable proof that the chemical character of a compound does not depend, 
as the electro-chemical theory supposes, upon the nature of the elements it 
contains, but solely on the manner of their grouping.”—Jusrus Liznie. 

Admirable in conception, execution and clearness of statement, 
this memoir is full of interest, owing to its importance in the history 
of our science. The work was brought forward at a time when the 
contest was at its height between the substitution theory and the 
electro-chemical dualistic theory of Berzelius—the theory that every 
compound is formed of two constituents, one electro-positive the 
other electro-negative. Only eight years before, Laurent—we read— 
had laid down the following law— 

“Tn many organic compounds, by the action of chlorine, a certain number 
of equivalents of hydrogen are eliminated in the form of hydrochloric acid ; 
the eliminated hydrogen being replaced by a like number of equivalents of 
chlorine, in such a manner that the chemical character and the fundamental 
properties of the original compound are not sensibly altered. The chlorine 
molecules, therefore, must take the place of the hydrogen molecules, and 
play in the new compound the same part which was performed by the 
hydrogen molecules in the original.” 


Although these views met with great opposition at first, many facts 
were subsequently discovered by Dumas and others which gave the 
strongest support to Laurent’s views, but when Hofmann began his 
work No organic base, he tells us, was known in which the hydrogen 
had been replaced by chlorine in such a manner as not to materially 
change its properties. And yet, he adds, it would be an argument 
of the greatest weight, were chlorine, an electro-negative element, 
to be introduced into a compound possessing electro-positive pro- 
perties without, however, changing its chemical character. Hence, 
he undertook his research, and naturally resorted to aniline. 

He had already chlorinated aniline, and had obtained, along with 
much trichlorophenol, a very small quantity of a neutral substance 
which he only subsequently recognised as trichloraniline; and 
Fritzsche had prepared tribromaniline, with which he was well ac- 
quainted. But Hofmann was in no way misled by these observa- 
tions—he recognises that—* In these cases the action has evidently 
gone too far for the aniline still to preserve its original character, and 
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it remained therefore to try in some way to regulate the action so as to 
produce compounds in which only one equivalent of hydrogen was 
replaced, and which, like aniline, might possibly possess basic pro- 
perties.” He therefore repeated his earlier experiments, and 
attempted to chlorinate aniline, but failed to obtain better results. 

Failure to Hofmann, however, even at this early date as ever 
afterwards, was but the incentive to renewed efforts. At once it 
occurs to him to chlorinate anthranilic acid, in the expectation that— 
as this acid was known to yield aniline on distillation—the chlori- 
mated acid would afford the desired chloraniline; and he further 
foresees the probability that nitrobenzene would yield a chlorinated 
derivative which would require only to be treated with sulphuretted 
hydrogen to be changed into the desired compound. But while 
engaged in preparing anthranilic acid, “another expedient offered 
itself,” he tells us, “ which by changing completely the direction of 
my researches led me quickly to the desired object.” Remembering 
that it was not necessary to convert indigo into anthranilic acid in 
order to obtain aniline, but that this latter might be directly pro- 
duced from it “as a true product of oxidation”’ by distillation with 
potash, he asks is it not in the highest degree probable, not to 
say certain, that isatin, a product of the oxidation of indigo, will be 
converted into indigo by fusion with potash; in which case the 
chlor- and dichlor-isatin already described by Erdmann may be 
expected to give chlor- and dichlor-aniline.* The experiment with 
isatin proving successful, mono- and dichlor-aniline were easily 
prepared. 

It is impossible not to recognise that the train of argument thus 
made use of, at a time when so little was known of constitution as 
we now understand it, was eminently philosophical and comprehen- 
sive, and this is equally true of his treatment of his results. 
After fully describing a series of chlorinated and brominated 
anilines, he remarks that no two constructions can be placed on the 
facts he has discovered. They prove, in an undoubted manner, that 
in certain circumstances chlorine and bromine can perform the part 
of hydrogen in organic compounds. But he subsequently adds— 

“Tt appears, however, that the chlorine preserves, to a certain extent, its 
electro-negative character, in those compounds in which it replaces hydrogen, 


* It is clear that} Hofmann’s attention had at this time been very specially 
directed to previous researches on indigo, as a very lengthy abstract of the work of 
Dumas, Erdmann and Laurent, prepared by him, is published in Liebig’s Annalen 
at the end of 1843 under the title “ Uebersicht der in letzter Zeit unternommenen 
Forschungen iiber den Indigo und seine Metamorphosen.” This abstract is wrongly 
included in the Royal Society’s Catalogue of Scientific Papers among Hofmann’s 
original contributions. 
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and that in proportion to the increase in the number of equivalents of the 
latter, for which chlorine or bromine are substituted, so is this character 
the more impressed on the resulting compounds. The compound atom aniline, 
C,.H;N, in consequence of the peculiar arrangement of its elements, possesses. 
the property of uniting with an acid ; replace one equivalent of its hydrogen 
by bromine and we obtain bromaniline, a body possessing likewise basic 
properties, but in a feebler degree, . . . . substitute now another equi- 
valent of bromine for hydrogen, and we have dibromaniline. The facility 
with which all its salts are decomposed evidently indicates that the basic 
character of aniline is further enfeebled by the repeated assumption of 
bromine. Finally, in tribromaniline the electro-negative properties of the 
assumed bromine equivalents have placed themselves in equilibrium with the 
electro-positive character of the original system.” 

While confirming the truth of the principle put forward by Laurent, 
Hofmann therefore clearly recognised the limitations to which it 
must be subjected; and nothing has since been discovered which 
would Jead us to state the substitution theory in terms other than 
those he adopted. 

It is remarkable to what an extent Hofmann’s activity now 
became manifest, and how rapidly he extended the field of his 
investigations. At Liebig’s suggestion, Dr. Blyth and he undertook 
the investigation of fluid storax balsam (Chem. Soc. Memoirs, 2, 334, 
April, 1845). At the same time, recognising the importance of bases, 
he set to work with Muspratt to apply Zinin’s method of reducing 
nitro-compounds generally ; and commencing with nitro-toluene, they 
discover paratoluidine (cbid., 2, 367, April, 1845). At the close of 
the paper, they refer to the production of nitraniline from dinitro- 
benzene. The subsequent special memoir on this latter subject (<bid., 
3, 111, March, 1846) opens with an elaborate discussion of the action 
of nitric acid on organic substances and of the nature of nitro-com- 
pounds; as we read this we realise how absolutely vague were the 
ideas which then existed on this subject. But Hofmann’s perceptive 
power is again at once apparent, for the style is so essentially his that 
there can be no question that his views especially are being put 
forward. Laurent’s diagnosis of the nitro-compounds is singled out 
xs clearly in advance of all others, and the conclusion advocated that 

“Many products which have assumed nitrogen and oxygen from nitric acid 
may indeed be regarded as simple products of substitution, in which the 
hydrogen instead of being replaced by chlorine or bromine, is replaced by a 
compound radicle, namely, by hyponitric acid (NQ,).” 

As the displacement of hydrogen by hyponitric acid had been 
iimited to acid and neutral substances, it appeared to be a point of 
great interest to ascertain whether, indeed, NO, could also displace 
hydrogen in basic compounds without destroying their electro-positive 
«character. 
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Taking into account the various ways in which aniline was formed, 
its characteristic properties, and, above all, the fact that hydrogen 
could be displaced in it by bromine and chlorine, they deemed this 
substance the best suited to their experiments. Failing, however, in 
their attempt to nitrate it, and also to nitrate isatin, and foreseeing, 
also, that nitrosalicylamide—a substance prepared by Cahours a short 
time previously—could not be expected to yield nitraniline, as 
salicylamide gave but very little aniline on distillation, they asked 
themselves whether it might not be possible to partially reduce di- 
nitrobenzene. In times when so little was established about the nature 
of nitro-compounds, such an argument cannot have been so self-evident 
as it now appears to be, even to the beginner; indeed the fixity of 
purpose—based, doubtless, on their clear theoretical conception of the 
nature of the problem they had in hand—displayed by Hofmann and 
Muspratt on this occasion, is specially noteworthy. Just as they 
were about to make the experiment, Zinin published a paper in which 
it was stated that dinitronaphthalene and dinitrobenzene were entirely 
deprived of their oxygen on reduction by sulphuretted hydrogen ; 
and that, whereas it was to be expected that the former would yield a 
base corresponding to it in composition, C2H,)N2, to judge from the 
analysis of the platinichloride prepared from the base, its equivalent 
was only half as great, viz., CyH;N; Zinin, therefore, came to the 
conclusion that a division had taken place, and, consequently, gave the 
name seminaphthalidine to the product of reduction. This, it will be 
remembered, was in days before the importance of Avogadro’s law 
had been impressed on chemists by Canizzaro, when the methods of 
rigidly determining molecular weights such as we now regularly use 
were in their first infancy. Zinin’s researches—Hofmann and Maus- 
pratt tell us—appeared to cut off all hopes of their ever obtaining 
nitraniline; nevertheless they considered a continuation of their ex- 
periments in every way desirable, and soon obtained results which had 
escaped the observation of Zinin; these brought them to the point 
they aimed at. As every student of the elements of organic chemistry 
now knows, nothing is easier—following Hofmann and Muspratt— 
than to obtain nitraniline from dinitrobenzene ; and, moreover, the 
method of partially reducing nitro-compounds thus introduced by 
them has proved of service in many other cases. Nitraniline was 
found to have the properties of an exceedingly weak base. Its pro- 
duction is spoken of as “interesting in reference to the question 
of substitution, which is still in debate among chemists. If we reject 
that theory—they remark—we can scarcely understand the consti- 
tution of this base and its relation to aniline.” 

But, as showing how limited was the knowledge of that time, it 
is noteworthy that the memoir concludes with a reference to the 
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compound obtained by Zinin from dinitrobenzene, in which it is 
pointed out that probably this is but a product of the further 
reduction of nitraniline in accordance with the equation 


C,,H,N(NO,) + 6HS = 2C,H,N + 4HO + 68. 
Nitraniline. Semianiline. 

Historical facts such as this serve to remind us how great has been 
the influence exercised by the systematic adoption of physical concep- 
tions by chemists. 

Although it was some time before the arguments of Berzelius and 
his school came to be regarded as futile, the results obtained by 
Hofmann in the course of his investigations of the chlor- and brom- 
anilines and of nitraniline had—it is well known—considerable in- 
fluence on the minds of chemists, aud largely promoted the ultimate 
acceptance of the substitution theory. 

* ~ * * * 

A new chapter in Hofmann’s work now begins to open; the first 
reference to this is at the close of his memoir on the metamorphoses 
of indigo, where we read— 


“Before concluding this memoir, I shall mention another compound which 
appears worthy of the attention of chemists. It is formed by passing into 
aniline, free from water, a stream of cyanic acid. . . . It isa kind of 
urea in which the ammonia is displaced by aniline. I was in hopes that this 
body would possess basic properties, and, like urea, form crystalline salts with 
nitric and oxalic acid ; its properties are, however, very different.” 


The theme is still further developed in a brief note on “ New 
Researches on Aniline,” communicated to the Chemical Society in 
December 1845 (Memoirs, 3, 26), the opening paragraph of which 
is as follows— 


“In my former papers upon aniline, I had repeated opportunities of 
pointing out the remarkable analogy which exists between this body and 
ammonia, and at the conclusion of my memoirs on chloraniline and brom- 
aniline, I announced the existence of a compound which may be considered 
as urea in which ammonia is replaced by aniline. The discovery of this 
substance opened a new field for research, inasmuch as it was to be expected 
that all the relations exhibited by ammonia, and the metamorphoses it 
undergoes, might be realised with aniline.’ 


This theme may be said to have occupied him during the rest 
of his scientific career, for the elaboration of the chemistry of the 
amine type soon became the work of his life. 

The note last referred to admirably illustrates Hofmann’s style, 
especially his remarkable quickness in perceiving and availing him- 
self of opportunities, his powers of generalisation, and the manner 
in which, without the slightest loss of time, he proceeded to develop 
his attack in a variety of directions as soon as a new observation 
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~vas made and a new problem indicated. In a few lines we are told 
that the comportment of aniline with cyanic acid induced him to 
subject it also to the action of cyanogen and chloride of cyanogen ; 
that sulphide of carbon readily acts on it, forming sulphocarbanilide 
that, inasmuch as the new substance from urea and cyanic acid 
might be considered as aniline which had lost one equivalent of 
hydrogen and assumed the elements of carbonic oxide—as carbanilide 
—it was probable that it might be produced by means of phosgenic 
gas, and the experiment being tried, such proved to be the case. 
Finally, reference is made to the action of oil of mustard, of trichloride 
of phosphorus, and of chloride of silicon on aniline as giving rise to 
crystalline products. 

All these observations were subsequently elaborated, but it was not 
until several years later that most of them came to fruition. Some 
considerable time was spent in studying the action of cyanogen and 
of iodine from the point of view of the substitution theory, as the 
imperfect knowledge then at the disposal of chemists of the influence 
of these electro-negative radicles on organic substances seemed to 
indicate a marked difference between their action and the effects 
which chlorine and bromine, so analogous in every other respect, 
produced under the same circumstances. 

Hofmann found (J. Chem. Soc., May, 1848, 1, 269) that iod- 
aniline may be obtained by the direct interaction of iodine and aniline, 
and that it was a weakly basic substance. He failed, however, to 
obtain any higher iodo-derivative, and pointed to the action of the 
three halogens on aniline as affording an interesting illustration of 
the decreasing affinity which chlorine, bromine and iodine manifest 
for hydrogen. It is of interest, historically, that reference is made in 
this paper to the ingenious process devised by M. Melsens for sub- 
stituting hydrogen in the place of chlorine in acetic acid by means of 
a weak amalgam of potassium. Experiments on the process made 
with Dr. Kolbe when he was in London, are referred to, showing 
that chlor- and brom-aniline were reconverted ivuto aniline with the 
greatest facility by its means. We are thus reminded that sodium 
amalgam was not yet recognised at this time as an all-powerful 
reducing agent. 

* * * * * 


The action of cyanogen on aniline was described before that of 
iodine (ibid., April, 1848, 159). The product, which, perhaps unfor- 
tunately, was named cyaniline, proved to be composed of the elements 
of aniline plus those of cyanogen, not a substitution compound 
analogous to those obtained by the action of halogens. Toluidine 
‘and also cumidine—the base which Nicholson, one of Hofmann’s 
pupils, had described but a short time previously—gave similar pro- 
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ducts; not only ammonia, but also nicotine and leucoline (quinoline), 
however, were found to behave altogether differently, and Hofmann 
takes the opportunity of pointing out that, although they resemble 
aniline in a great many respects, these two bases seem to belong to a 
perfectly different class of alkaloids. 

Cyaniline is spoken of as the first instance in which an organic 
alkali is found associated with another compound the presence of 
which does not affect its saturating capacity—it is regarded as a 
conjugated base, the counterpart of conjugated acids, such as formo- 
benzoic and hippuric acids, a view which is practically identical with 
that now held. 

Hofmann, in this memoir, gives utterance to important views on 
the constitution of the alkaloids generally, whilst guarding himself 
from entering upon the often disputed question whether they were 
compounds of ammonia or amidogen—a question which was soon to- 
receive its solution at his hands. The notions of a relation between 
the amount of nitrogen in organic bases and their saturating capacity, 
emanating from Liebig’s earlier experiments on this subject, lost their 
significance—we are told—on the discovery of alkaloids containing 
more than one equivalent of nitrogen . . . . Nevertheless, a 
relation between the nitrogen and the saturating capacity remained 
extremely probable, and chemists commenced to assume the nitrogen 
as existing in these bases in two forms. In almost all cases that 
portion of this element to which the basic properties were referred 
was believed to be in the form of amidogen, ammonia, or oxide of 
ammonium, whilst the views respecting the other portion were for 
the most part less decided. Hofmann then criticises views put for- 
ward by Fresenius, based on the composition of nitraniline, pointing 
out their arbitrary character, and that in a class of compounds so- 
rich as that of the organic bases, a greater variety is to be expected 
than is admissible on the assumption that they resemble nitraniline.. 
He is willing to admit that possibly some may contain an oxide of 
nitrogen, and that others may be cyanogen compounds, but adds, 
however, that a great many other modes of constitution may be ima- 
gined which present a similar degree of probability. 

Failing to obtain a cyanogen substitution derivative of aniline by 
means of cyanogen, nothing was more natural than to attempt its- 
preparation by means of chloride, bromide and iodide of cyanogen,,. 
and, consequently, we find the third paper of the series entitled 
“* Researches on the Volatile Organic Bases” devoted to this subject 
(J. Chem. Soc., June, 1848, 1, 285); as indicating the gradual 
development of Hofmann’s views on the constitution of the amines, 
this paper is full of interest. 

It contains an account of melaniline (now known as diphenyl- 
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guanidine), a compound formed by the action of cyanogen chloride 
and bromide on aniline “ produced by the fusion of two aniline atoms 
which have lost one equivalent of hydrogen in the form of hydro- 
chloric acid, and bave simultaneously assimilated a proportional 
amount of cyanogen.” The name appears to have been chosen to 
indicate the supposed analogy of the substance with the melamine 
discovered by Liebig. Besides a description of melaniline and its 
salts, and of dichloro-, dibromo-, diiodo- and dinitro-melaniline, the 
memoir contains an account of the behaviour of melaniline with 
cyanogen, which is characterised as remarkable owing to the assimi- 
lation of two equivalents of cyanogen, both the aniline atoms (the 
intimate combination of which constitutes melaniline) exhibiting, it 
would seem, the same comportment with cyanogen as when in the 
isolated state. 

Hofmann speaks of melaniline as a conjugated base of a similar, 
although more complicated, constitution than cyaniline. He points 
out that the capacity which we observe in aniline of combining with 
other substances without losing its basic properties, has by no means 
reached its limits in melaniline ; in dicyanomelaniline we see two new 
equivalents of cyanogen enter into the compound, and some prelimi- 
nary experiments appeared to indicate that this accumulation round 
the original atom may be carried still farther. ‘“ Facts like these,” 
he adds, “‘ deserve particular attention, containing as they do new 
confirmations of a general view of the organic bases which is daily 
gaining ground.” Ata very early period, he goes on to state, as far 
back as 1837, Berzelius, on the ground of Liebig’s researches, 
expressed the opinion that the natural alkaloids, which at that period 
engrossed the undivided attention of chemists, were peculiar ammonia 
compounds—conjugated compounds, in which the chemical charac- 
ter of ammonia, modified, indeed, by its conjunct, was still percept- 
ible. This view, which was principally founded on the remarkable 
analogy of the ammonia salts with the salts of the alkaloids, met by 
no means with general approbation when first stated; but it had 
been retained and carried out by Berzelius with the perseverance and 
ratiocination which are peculiar to that great chemist, and it could not 
be denied that since that period science had acquired a great number 
of facts which powerfully supported his opinion. 

He then proceeds, in his clear manner, to dilate at length on these 
facts, and to interpret them in support of the view held by Berzelius. 
Finally, we come to the following remarkable passages :— 


“ All these considerations render it exceedingly probable that the organic 
bases are indeed conjugated ammonia compounds. It is true we are not able, 
at present, to isolate the ammonia without entirely destroying the com- 
pounds; and it is a question whether we shall ever find a method of 
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separating and reuniting the proximate constituents which the theory of 
Berzelius supposes in these alkaloids, in the same manner as we effect the 
separation and reunion of acid and base ina salt. Vainly have I hoped in 
the course of my investigations of this subject to see aniline split up into: 
ammonia and the conjunct 

C,.H,. 

“Possibly this separation may succeed in the hands of a more happy 
experimenter ; possibly it may ever remain unaccomplished ; nevertheless, 
the adoption of Berzelius’s theory will prove a great benefit, even if it were 
only to aid the memory and to facilitate the study. 

*“ All our formulz, our whole nomenclature, would be simplified by such am 
adoption. No longer should we have anilides, naphthalides, and cumidides ; 
these substances becoming anilo-amides, naphthalido-amides, and cumido- 
amides ; and by introducing conventional symbols for the conjuncts, every 
compound might be expressed rapidly and concisely. 

“By considering the alkaloids as conjugated compounds of ammonia, 
cyaniline, and melaniline become conjugated ammonia compounds of the 
second order, or, in other words, the original ammonia atom has become asso- 
ciated with the conjunct, C,H, = An, and with other substances, and the 
rational formulz of these compounds now assume the following shape— 

OTE, ncscicdtniicisinriccen aa 

BUETERO  ssccrcscccseticesere vcnerssnees MES Am). 
Cyaniline .......sccemeeeeeeeene NH,(AnCy). 
Melaniline NH,An,AdCy). 
Dicyanomelaniline........ ...... NH,(24nCy,AdCy). 

Such fervid advocacy of the Berzelian hypothesis is very remark- 
able when we recollect that his first experiments with aniline led him 
to conclude that it was phenamide, C\,.Hi°N2H,; and also that he was 
the pupil of Liebig, who held a view very different from that of 
Berzelius, in entire harmony with Hofmann’s own early conception of 
the nature of the base. His attitude at this time towards the great 
question of the nature of the organic bases is truly striking testimony 
of the influence then exercised by the great Swede, especially as a 
few months later the force of facts caused him to return to his 
original faith; indeed, to place the truth of Liebig’s view beyond all 
question. 

The fourth of the researches on the volatile organic bases deals 
with the preparation and properties of anilourea (phenylcarbamide) 
from aniline and cyanic acid, of carbanilide (diphenylurea), and of 
sulphocarbanilide. It is an unusually tersely written, purely prac- 
tical communication. 

The next (J. Chem. Soc., November, 1849, 2, 300) is of special 
interest, and marks an entire change of front in Hofmann’s views 
regarding the organic bases. It is divided into several sections, the 
first of which on the action of acids and bases on cyaniline needs no 
comment; the second, on metamorphoses of dicyanomelaniline 
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records, among other things, the discovery of carbanil (phenyl iso- 
cyanate), now an analytical agent of great value in determining the 
presence of alcoholic hydroxy]. 

The gradual evolution of ideas noticeable in this memoir is very 
striking. The product obtained on subjecting dicyanomelaniline to 
the action of concentrated hydrochloric acid is a yellowish, indis- 
tinctly crystalline substance, CyH,,N,0, Having in mind the fact 
that cyaniline was converted under similar circumstances into 
oxalates of aniline and ammonia, or rather into compounds derived 
from those salts by elimination of water, Hofmann’s insight at once 
led him to regard the yellow substance as melaniline binoxalate less 
four equivalents of water, and he shows that it yields melaniline and 
oxalic acid when subjected to the action of alkali. He then points 
out that it belongs to a daily increasing class of compounds derived 
from acid salts of ammonia, or of organic bases, by elimination of 
four equivalents of water, sach as succinimide, and he therefore 
terms it melanoximide, a name which is not inappropriate even from 
our modern point of view. 


__ (-NHPh __ ¢NPh:G:NH NPh-CO 
aaciced { nee. 2 { NPh:C:NH NPhb-GO 


Melaniline. Dicyanomelaniline. Melanoximide. 


HNC { 


He attempts to prepare melanoximide from binoxalate of mel- 
aniline, but fails owing to the facility with which melaniline itself 
decomposes when heated. In carrying ont these experiments, how- 
ever, a “peculiar, somewhat cyanic odour,” which had frequently 
been noticed during the investigation, was developed to an unusual 
extent, and “I began to hope,” says Hofmann, ‘that I should at 
last succeed in securing this enigmatical body which I had vainly 
chased on so many occasions.” But he did not succeed until he began 
to study the action of heat on melanoximide itself. On subjecting this 
compound to dry distillation, much gas—chiefly carbonic oxide—was 
disengaged, a yellowish liqnid distilling over “of a most powerful 
odour, recalling at once the odour of aniline, of cyanogen, and hydro- 
cyanic acid, provoking lachrymation in a most fearful manner, and 
exciting, too, in the throat the suffocating sensation produced by the 
latter.” The quantity of crude liquid obtained amounted to about 
10 per cent. of the melanoximide used, and this only when water was 
carefully excluded, which readily decomposed the liquid. The 
formula of the new substance is ascertained to be C,yH;NO,, and 
subtracting from this the elementary difference distinguishing 
aniline from ammonia, C,,H,, the formula of hydrated cyanic acid, 
C,HNO, is arrived at; the name anilocyanic acid is therefore assigned 
to it. Subsequently he pointed out that as it may also be regarded 
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as bicarbonate of aniline minus four equivalents of water, the name 
anilo-carbimid, or in Gerhardt and Laurent’s nomenclature the term 
carbanite might be used for the new product. 

The chemistry of this remarkable substance is forthwith fully 
developed, its behaviour being shown to be in all respects similar to 
that of cyanic acid towards acids, bases and alcohols, attention being 
specially directed to the formation from it of compounds correspond- 
ing to the urethanes previously obtained by Liebig and Wohler from 
cyanic acid and alcohols. 

Hofmann here gives utterance to the pathetic lament that 

“Unable to indulge in a more detailed study of these beautiful reactions 
in consequence of want of material, I must postpone their completion until a 
simpler method may have been discovered of obtaining in a shorter time a 
larger quantity of anilocyanic acid.” 


He then speaks of the long and complicated series of metamorphoses 
involved in the preparation of the substance, commencing with that 
of aniline from indigo or benzole, having caused no small expenditure 
of time and labour, and recognising how much he was indebted to 
others, he adds 

“Nor could I have found sufficient leisure to follow out the manifold 
ramifications of the aniline family in its numerous and so often intricately 
related derivatives . . . had it not been for the valuable assistance and 
co-operation of Messrs. Nicholson and Abel, assistants in the College of 
Chemistry.” 


After further discussing the action of heat on melaniline and melan- 
oximide, Hofmann draws attention to the recent experiments of Wurtz 
on the compounds of the alcohol radicles with cyanic acid (the 
cyanic ethers), pointing out that in these substances, as in anilo- 
eyanic acid, the original habits of cyanic acid in its behaviour with 
other bodies are retained in almost every direction, and he therefore 
groups anilocyanic acid along with them as cyanate of phenyl.* He 
finds, however, on pursuing the analogy to a practical end that 
cyanate of phenyl is not produced under circumstances which give 
rise to the formation of cyanate of methyl—by distilling a mixture 
of a sulphophenate with cyanate of potash, for example. He also 
fails in obtaining cyanide of phenyl by distilling cyanide of potassinm 
with a sulphophenate, and is in consequence led to remark on the 
different behaviour of pheny! alcohol and ordinary alcohols. 

Throughout this investigation, Hofmann’s attention had been 
specially directed to the effects produced by the withdrawal of water 
from the salts of organic bases; and this subject naturally next 
claims his attention. He arranges the various derivatives of aniline 


* It is here apparently that the term phenylamine is first used. 
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formed by the withdrawal of water from aniline salts in a table in 
comparison with the corresponding ammonia derivatives, and calls 
attention to the entire absence of anilonitriles or compounds derived 
from a neutral aniline salt by the elimination of four equivalents of 
water in the same way that cyanogen is formed from oxalate of 
ammonia. Experiments are then described which he had made with 
the object of filling up the blank, but without success. At once the 
question follows— 

“What then, may we ask, is the reason why aniline, which so faithfully 
imitates the habits of ammonia, refuses to follow its example with respect 
tu the formation of the nitriles! The answer to this question involves 
a careful consideration of the constitution of aniline and of the analogous 
bases.” 


Reference is then made to the paper before dealt with in which a 
synopsis was given of the facts supporting the view of Berzelius that 
the organic bases are coujugated ammonia compounds, in which 
ammonia pre-exists. According to this view, oxalate of aniline is 
represented by the formula H;N:(C,,.H,)HC,O, But this formula 
gives no satisfactory answer to the above question. There is no 
comprehensible reason, Hofmann points out, why the oxalate of 
aramonia in the aniline salt should not be deprived of its four equi- 
valents of water, and why the residuary cyanogen should not be 
associated with the usual adjunct. 

According to Liebig, however, the organic bases have tc be con- 
sidered as amidogen compounds, and on regarding aniline as an 
amidogen compound the question appears in a perfectly different 
light. It is easy to see that the elimination of four equivalents of 
water from the neutral salt, (C,,H;)H,N-HC,Q,, is altogether impos- 
sible without the destruction of the term C,,H; (phenyl). Then 
comes the following modest reference to the great discovery which 
must ever rank highest among Hofmann’s achievements, as it once 
for all settled the question that had so long been under discussion, 
and which was of such immense consequence to the chemistry of the 
amines and therefore of nitrogen. 


“It is probable that considerations like those developed in the preceding 
pages will naturally assist in the elaboration of more rational views respecting 
the constitution of the organic bases. The apparent impossibility of obtaining 
an anilocyanogen throws some doubt on the pre-existence of ammonia in 
aniline. Tt is probably more in conformity with truth to consider aniline asa 
substitution product, as ammonia in which part of the hydrogen is replaced by 
pheny] (he does not appear to remember that he himself took this view origin- 
ally) ; and this opinion may, perhaps, meet with the approbation of the Society, 
if I mention that a series of researches on the action of the bromides of the 
alcohol radicles on aniline and on ammonia have enabled me actually to replace 
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the basic hydrogen of these substances, equivalent for equivalent, by the 
alcohol radicles, and to produce in this manner a numerous series of new 
alkaloids which appear to admit of no other mode of interpretation.” 

* * * * * 

We have now to pass to the consideration of Hofmann’s “ Researches 
regarding the Molecular Constitution of the Volatile Organic Bases,” 
the first of which was read to the Royal Society on Jannary 17, 1850, 
having been received on December 26, 1849; it was printed in the 
Phil. Trans., 1850, 1, 93 (J. Chem. Soc., 3, 279), and was his first 
communication to the Society. 

At the outset, he refers to the two theories of chief importance 
which had been enunciated respecting the constitution of the organic 
bases—those of Berzelius and Liebig; after remarking that the 
former had, in course of time, become mure and more generally 
accepted—by himself among others, as we have seen—he draws 
attention to his own recent discussion of the question, and to his 
having shown that the analogy which had been so generally recognised 
as obtaining between the salts of ammonia and of the organic bases 
broke down just at the point where its occurrence would have been 
most decisive, thus greatly neutralising the force of the argument in 
favour of the ammonia theory; whilst, on the other hand, this very 
failure was not only in perfect harmony with, but would be required 
by, the theory of amidogen bases. 

He then proceeds to speak of the recent discovery of methylamine 
and ethylamine by Wurtz in very remarkable terms, which are 
deserving of attention at the present time, when it may not be too 
late to recover fuller information as to the exact manner in which 
Hofmann was influenced by the work; and in ordcr, also, that the 
precise relationship of the researches of two such distinguished 
investigators may be made clear, as well as their relative effect in 
forming opinion at the time. 

Hofmann’s eloquent words seem to admit of little doubt as to their 
meaning, and yet it is a question whether they do not convey a false 
impression. He says :— 

“ Yet stronger grounds for the acceptance of the latter view—the amidogen 
theory—have been afforded by a splendid investigation of M. Wurtz on the 
compounds of ethers with cyanic acid, which have actually realised a series 
of substances, anticipated in a most remarkable manner by Liebig on the 
theoretical ground of his conception of the nature of these compounds. 
Instances of such anticipation of discovery are so rare that I may be allowed to 
quote the words in which Liebig predicted, nearly ten years ago, the discovery 
of M. Wurtz :—‘ If,’ said Liebig, in continuing the development of his ideas 
respecting the constitution of the organic bases, ‘we were able to replace by 
amidogen the oxygen in the oxides of methyl] and ethyl, in the oxides of two basic 
radicles, we should without the slightest doubt obtain a series of compounds 
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exhibiting a deportment similar in every respect to that of ammonia, Expressed 
in symbols, a compound of the formula C,H,-H,N = E-Ad, would be endowed 
with basic properties.’ Now these compounds, imagined in 1840 by Liebig, in 
illustration of his views, have sprung into existence in 1849 with all the 
properties assigned to them by that chemist. At the beginning of the 
present year, M. Wurtz, in investigating the cyanates of ethyl, methyl, and 
amyl, arrived at the unexpected result that these compounds, when decom- 
posed by potassa, undergo a change analogous to that of cyanic acid. This 
acid, when treated with potassa, yielding carbonic acid and ammonia, the 
corresponding ethers were split into carbonic acid and compound ammo- 
nias of the exact formula indicated in Liebig’s suggestion. It would be 
difficult to imagine any more brilliant triumph for any theoretical specu- 
lation.” 

If we turn to Hofmann’s obituary notice of Wurtz (Ber., 1887, c, 
815—996), one of the most brilliant and interesting of the many 
marvellous biographical sketches of his contemporaries for which 
chemists will ever be most deeply indebted to him, we find little to 
help us, and certainly no justification of the statement above quoted 
implying that the discovery of the amines by Wurtz was at the time 
regarded as affording special grounds for the acceptance of the 
amidogen theory. 

That it excited extraordinary attention there can be no doubt. 
Hofmann, indeed, tells us that in the whole course of his experience 
no piece of work ever produced such an impression on the chemical 
world. Of this we have independent testimony in the fact that 
Wurtz’s papers are reproduced in Liebig’s Annalen with an editorial 
postscript, in which it is pointed out that whereas it has been the 
practice to await the appearance of complete publications before 
noticing them in the Annalen, an exception is made on behalf of Dr. 
Wurtz’s important investigations. Not only are his papers reproduced 
from the Comptes rendus, but also Dumas’ report to the Academy, to 
which a note by Liebig is appended. 

If we refer to Wurtz’s own statements, we find that, in his brief paper 
on ethylamine and methylamine (Compt. rend., Feb., 1849, 28, 223), 
after pointing out that the ammonia compounds, in a measure, come 
between the inorganic and organic compounds, he remarks that 
ammonia would be regarded as the simplest and strongest organic 
base—that it would be considered by all chemists as the type of this 
numerous class, if it were not separated therefrom by an undoubtedly 
important characteristic, to which, however, perhaps too much impor- 
tance had been attached. It contained no carbon. But it appeared 
that this difference in composition was not sufficient to separate 
ammonia from the organic bases. He had succeeded in preparing a 
true organic compound from this alkali by adding the elements either 
of the hydrocarbon C,H, or C,H,, without depriving it of its character 
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as a strong base, or even of its most characteristic property—its 
odour.* 

Wurtz clearly regards his discovery as that of organic or compound 
ammonias. This is also the view taken by Dumas in his report on 
the paper; and it is easy to understand that a substance having 
the properties of aniline, although basic, should have failed to take 
rank directly with ammonia—consequently, that the discovery of 
substances so exactly like ammonia as are methylamine and ethyl- 
amine should have produced a profound effect. 

Wurtz, it is true, points out that the compounds he describes may 
be regarded as methyl and ordinary ether respectively in which 
one equivalent of oxygen is displaced by one equivalent of amide, 
NH,; or as ammonia in which one equivalent of hydrogen is dis- 
placed by methyl or ethyl—as methyl- and ethyl-amide ;¢ but he does 
nothing more. Whilst Dumas, in his report, represents the new 
alkaloids, and a number of others with which he compares them, as 
conjugated ammonias. 

Liebig, indeed, in his editorial note, draws attention to this, and 
proceeds to recapitulate what he had written 12 years previously in 
advocacy of the view that the organic bases were amidogen com- 
pounds. 

It would, therefore, seem that it is justifiable to claim for Hof- 
mann the sole credit for the establishment of the constitution of the 
amines. 

The argument which led Hofmann to institute his experiments is 
stated in the following passage— 

“Tf we give to Liebig’s view the extension of which it naturally admits, 


* In his obituary notice of Wurtz (p. 932), Hofmann makes an interesting 
statement with regard to the discovery of ethylamine, which apparently is not to 
be met with in Wurtz’s papers. He points out that it is easy, on reading the 
account given by Wurtz, to underrate the difficulties he encountered in inter- 
preting his results, and that in fact the cyanic ethers had been some considerable 
time in his hands before he recognised the nature of the change they underwent 
when acted on by alkalis. Chemists were then under the influence of the recent 
discovery by Kolbe and Frankland of the formation of ammonia and an acid of the 
acetic series from the alcoholic cyanides, and it seemed not improbable therefore 
that a cyanate would give ammonia and an oxygenated acid. Wurtz actually 
found that on heating ethylic cyanate with alkali, an alkaline gas was evolved, 
which he for some time regarded as ammonia, but the solution contained only 
carbonate. For some time he sought in vain, Hofmann tells us, for a compound 
containing the complementary carbon of the cyanate; at last, one day the alkaline 
gas took fire and burnt with a luminous flame—like so many other important dis- 
coveries, that of ethylamine therefore was partly attributable to accident. 

+ Later in the paper—and always subsequently—he uses the names methyl- 
amine and ethylamine—qui ont la méme termination que ceux des autres alcalis 
organiques. 
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and which is demanded by the onward steps of science, we arrive at a more 
general conception of the nature of the organic bases; amidogen and the 
amides now presenting themselves to us only as particular instances of the 
permutations possible among the elements of the primary type ammonia. 
It seemed but logical to look among the bases for analogues, too, of the 
imidogen compounds and the nitriles. Jn other words, it appeared desirable 
to inquire whether the several equivalents of hydrogen in ammonia could not 
be replaced, not only by atoms neutralising the basic properties of the original 
system, but also by elements or groups of elements, not affecting or but 
slightly modifying the alkaline character of the primary compound. Were 
this possible, we should arrive at the formation of three classes of organic 
bases, derived from ammonia by the replacement respectively of one, two, 
or three equivalents of hydrogen.” 
He then goes on to say— 


“Tn commencing my experimental inquiry, the first step was to select the 
particular base which should be the subject of operation, and the radicles 
whose introduction should be attempted. On the one hand, my previous 
occupations suggested aniline for the foundation ; while, on the other hand, 
the radicles existing in aniline and its congeners, methylamine, ethylamine, 
and amylamine, namely phenyl, methyl, ethyl, and amyl, presented them- 
selves as materials for construction.” 


From this passage it is clear that the investigation was carried 
out with full knowledge of the discovery made by Wurtz, which is 
evidence that Hofmann himself at the time did not regard the 
production of organic ammonias from cyanic ethers as proof of their 
constitution. 

At first the attempt was made to introduce a second equivalent of 
phenyl into aniline by means of phenol, by heating the two sub- 
stances together at a high temperature, but unsuccessfully. The 
action of chloride and bromide of phenyl upon aniline promised a 
better result, but the difficulties encountered in preparing these com- 
pounds deterred him we learn from further pursuing this direction 
of the inquiry. He was entirely successful, however, in substituting 
methyl, ethyl and amyl for the remainder of the basic hydrogen in 
aniline, using for the purpose the bromides or iodides of the radicles. 

Self evident as the conversion of au amine by means of an alkylic 
bromide or iodide is to us, the issue of such an experiment must 
have been entirely problematical in 1849, when there were no pre- 
cedents to rely upon. It is, therefore, to be regretted that no clear 
indication is given by Hofmann of his reasons for selecting the 
methods he used, and yet there can be little doubt that the 
remarkable use which Frankland but a short time before had made 
of the iodides of methyl and ethyl* had drawn the attention of 


* In effecting the isolation of the organic radicles, and in preparing orgeno- 
metallic compounds (J. Chem. Soc., June—November, 1849, 2, 263, 297). Frank- 
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chemists to the value of these compounds as agents, and that the use 
which Hofmann in turn made of them is traceable to this circum- 
stance; all he tells us, however, is that “ the compounds of these 
radicles (methyl, ethyl, &c.) with chlorine, bromine and iodine 
appeared to be the most appropriate substances”’ for the purpose he 
had in view. Their introduction as substituting agents, however, 
clearly dates from this time, as indeed, Hofmann himelf pointed out 
a few years afterwards— 

“These successive substitutions (of hydrogen in ammonia) were accom- 
plished by the action of ammonia upon the bromides of the alcoho] radicles, 
which since that time have become most valuable agents of substitution in 
the hands of chemists” (Proc. Roy. Soc., 1858, 9, 151). 

Aniline was without difficulty converted into ethyl- and diethyl- 
aniline, beyond which stage the substitution could not be carried.* 
As the passage of ammonia into aniline had been accomplished, as 
already pointed out, in the course of the experiments Laurent and he 
had previously made, in which phenol was acted on by ammonia at a 
high temperature— 

“The formation of aniline, ethylaniline, and diethylaniline appeared to 
have established in a sufficiently satisfactory manner the point of theory in 
question.” 

Such are the words in which Hofmann recognises the bearing of 
his results: the calmness and apparent indifference with which he 
views his success is almost aggravating. 

A true man of action, he at once goes on to remark— 

“ Still I thought desirable the acquisition of additional facts in support of 
the position to which this inquiry has conducted me. Thus I have been led 
to study the action of bromide of ethyl upon several of the derivatives of 
aniline, and to try whether other alcohol radicles, such as methyl and amyl, 
would have a similar action ; lastly, in order to complete the investigation, 
I was obliged to leave the amidogen bases altogether, in order to submit the 
typical ammonia itself to examination.” 


land, in the introductory remarks prefacing the first of these papers in his volume 
of Experimental Researches (p. 65), in fact states: “In these experiments the 
iodides of the alcohol radicles were employed as reagents, I believe for the first 
time.” As we know that, when Frankland’s paper was communicated to the 
Society, “ Dr. Hofmann exhibited a specimen of the zinc methyl he had obtained 
from Dr. Frankland, and demonstrated its spontaneous inflammability,” it is 
evident that his attention had been very specially directed to the work. See also 
Frankland (J. Chem. Soc., 8, 48). 

* It was afterwards recognised that the products obtained on this occasion were 
not pure substances. The preparation of pure methylaniline and the relative pro- 
portions of methyl- and dimethyl-aniline formed on methylating aniline by means 
of methyl chloride, bromide and iodide were fully gone into by Hofmann many 
years later (Ber., 1874, 523; 1877, 591). 

+ The action of ethyl chloride on an alcoholic solution of ammonia was examined 
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The action of ethyl bromide on chlor- and bromaniline and nitr- 
aniline was first studied; the results obtained were important as 
throwing light on the constitution of these substitution bases. To 
quote Hofmann’s words— 

“The possibility of introducing into these substances* two equivalents of 
ethyl, shows that they must contain the same amount of basic hydrogen (an 
expression by which I may be allowed to represent briefly the hydrogen of 
the ammonia-skeleton) as aniline itself, and hence it is evident that it was 
the hydrogen of the phenyl which was replaced by chlorine, bromine, and 
hyponitric acid in the transformation of aniline into its chlorinated, bromi- 
nated, &c., relatives. The transformation is due to a secondary substitution, 
affecting the hydrogen in the radicle which replaced the original ammonia- 
hydrogen.” 

This seems to have been the only occasion on which the hydrocarbon 
radicle in aniline in any way engaged Hofmann’s attention or excited 
his curiosity—his interest in aniline seems to have been centred so 
entirely on its basis properties, his interest in bases to have been so 
great, that it was long before other problems in any way attracted 
him. 

After preparing a variety of substituted amines from aniline, 
and showing that it was possible to displace the three hydrogen 
atoms in ammonia by three different hydrocarbon radicles, Hofmann 
showed that ammonia could be directly converted, not only into the 
ethylamine already prepared by Wurtz, but also into a di- and a tri- 
ethyl derivative; and at once foreseeing the probability “ that arseni- 
etted and phosphoretted hydrogen, which imitate to a certain extent 
the habits of ammonia,” would afford similar derivatives, he announces 
his intention of extending his researches to these hydrides, a promise 
which was amply fulfilled in after years. 

Hofmann, in the first instance, speaks of the three kinds of base 
derived from ammonia as amidogen, imidogen and nitrile bases 
respectively. The terms primary, secondary and tertiary, to which 
we are so accustomed, appear to have been first used in a lecture 
which he delivered to the Chemical Society in June, 1858 (J. Chem. 
Soc., 11, 255), in which the classification of the various derivatives 
of ammonia—both amines and amides—then known is discussed at 
great length, reference being also made to the basic derivatives of 
phosphorus, arsenic and antimony. The closing words of this lecture 
are worth quoting— 


in Hofmann’s laboratory by C. E. Groves in 1861 (J. Chem. Soc., 18, 331). He 
obtained the monethylated compound almost exclusively. Hofmann, working on a 
large scale, subsequently obtained a mixture of mono-, di-, and tri-ethylamine con- 
taining a slight excess of the secondary amine (Ber., 3, 776). 

* The statement here made that nitraniline could be methylated and ethylated 
was corrected in a later paper (Roy. Soc. Proc., 1862, 12, 639). 
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“Tn the preceding paragraphs I have endeavoured to give an outline of the 
chemical history of the type ammonia, such as it exhibits itself at the present 
moment. No department of chemistry, perhaps, reflects in a more salient 
manner the rapid progress of science during the last quarter of a century. 
Nearly all the bodies mentioned in this paper were discovered during that 
period ; nine-tenths, in fact, the very compounds which have most assisted in 
the elaboration of our theoretical views, are the fruits of the last 10 years. 
Though much has been achieved, more is left to be done. But even now, 
while so many known substances remain to be finally grouped and classified, 
and while countless groups and classes remain to be discovered, yet the 
general features of the system are distinctly perceptible, and the time is 
rapidly approaching when, losing sight of the chaotic mass of overwhelming 
detail, the eye may rest with complacency upon the simple beauty of the law 
which governs the construction of the bodies belonging to the type of 
ammonia.” 


When we recollect how entirely we owe to Hofmann the establish- 
ment of the “simple beauty of the law” governing the constitution of 
amines generally, this passage may justly be selected as a fit epitaph 
to attach to his work. 

The monamines were largely used by him in subsequent investi- 
gations, as will appear in the sequel, and therefore, in concluding the 
account of his researches of the monamines, it will only be necessary 
to refer here to the process which he devised of separating the 


ethylamines, and also to his proposals for effecting the diagnosis of 
amines. 


Although they differ considerably in boiling point, it is impossible 
to separate the ethylamines by fractional distillation.* The “simple 
and elegant process,” as he himself originally termed it, devised by 
Hofmann (Proc. Roy. Soc., Nov., 1860, xi, 66) is based on the obser- 
vation that when submitted to the action of ethylic oxalate, ethyl- 
amine is converted into diethyloxamide, a crystalline substance, only 
sparingly soluble in water; whilst diethylamine yields ethylic ethyl- 
oxamate, a liquid boiling at a high temperature ; triethylamine remain- 
ing unchanged. Hence, after subjecting the mixture to the action of the 
oxalate, it is possible to separate the tertiary base by distillation, 
and to mechanically separate the crystalline amide from the oily 
oxamate ; the amide may then be purified by recrystallisation from 
boiling water, and distilled with alkali, the oxamate being similarly 
treated after separating the dissolved oxamide by cooling to 0°, and 
then fractionally distilling the liquid. 


* The boiling points, &c., of the various methyl- and ethyl-amines were determined 
by Hofmann in 1889 (Ber., 699), with the aid of large quantities of purified 
material placed at his disposal by Kahlbaum. In describing his results he states 
that the experience gained in working on the large scale had proved that these 
amines were best prepared by his original method. 
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It was subsequently pointed out (ibid., p. 526) that a simpler and 
more perfect separation of the oxamide and oxamate might be effected 
by submitting the mixture at once to the action of boiling water, 
when diethyloxamide dissolves, the oxamate remaining as an insoluble 
layer floating upon the hot solution. Hofmann re-examined the 
process ten years later, when the opportunity occurred to prepare 
the ethylamines on a large scale with the aid of ethyl cbloride 
obtained as a bye-product in the preparation of chloral (Ber., 3, 
109, 776). The criticisms to which the method had been subjected 
were considered, and a full account was given of the manner of 
operating which experience had shown to be the best. 

Provided that sufficient material be at disposal, the diagnosis of 
the amines is easily effected, following the indications afforded by 
Hofmann’s inquiry, by ascertaining the number of methyl or ethyt 
groups which can be introduced in place of hydrogen, but the method 
involves the analysis of the product. A qualitative method of per- 
fectly general application in the case of primary, but of restricted 
application in the case of secondary amines, was proposed by him in 
1870 (Ber., 3, 767), after he had discovered the isonitriles. 

All primary amines yield the corresponding isonitrile when warmed 
with alcoholic potash and chloroform, and these nitriles are all possessed 
of intolerable odours. On the other hand, both primary and secondary 
paraffinoid amines form thiocarbamates with carbon bisulphide, and 
these are converted by mercuric chloride into mustard oils, which are 
also characterised by their evil odours. 

By reversing the test, the primary amines become remarkably deli- 
cate tests of chloroform; it is possible, for example, to detect with 
certainty 1 part of chloroform in 5000 to 6000 parts of alcohol by 
meuns of aniline. 

* * * * * 

In the second memoir, entitled “ Researches into the Molecular 
Constitution of the Organic Bases,” published in the Phil. Trans. of 
the Royal Society (1851, ii, 357; Abstr., J. Chem. Soc.), Hofmann 
considers “the history of a new group of alkaloids, which, although 
intimately connected (with the amines) by their origin, differ froin 
them altogether by their properties, and especially in not being volatile.” 
After having succeeded, he tells us, in replacing, step by step, one, 
two, or three equivalents of hydrogen in ammonia by a corresponding 
number of compound atoms, the question arose whether the agent 
by which these changes were effected would exert a still further 
influence on the last product of the action. In order to decide this 
question by experiment, he submitted two nitrile bases, diethylaniline 
and triethylamine, to the prolonged action of bromide of ethyl. These 
experiments did not lead to perfectly decisive results. It was evident 
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that in these cases an action ensued. . . . No doubt, however, 
could be entertained as to this action being altogether different from 
the preceding stages of the process. 

A mixture of an aqueous solution of triethylamine and bromide of 
ethyl, sealed up in a tube, solidified after several hours ebullition, the 
crystals consisting chiefly of the fibrous hydrobromide of triethylamine, 
with which, however, a certain quantity of white, opaque, granular 
crystals was invariably mixed. Anhydrous materials were therefore 
used, in the hope of increasing the quantity of this latter substance, 
but the progress of the action was found to be retarded in a most 
remarkable manner by this variation, days elupsing before the con- 
version was completed. But the difficulty thus met with was soon 
overcome by using iodide instead of bromide of ethyl, action taking 
place almost instantaneously on warming a mixture of the anhydrous 
substances, the product—as every chemical tyro now knows —being an 
iodide formed by the direct combination of the triethylamine with 
the ethyl iodide. 

The properties of the iodide thus produced are so remarkable, 
there is still so much that requires explanation in connection with 
such compounds, that the account Hofmann originally gave may be 
quoted almost verbally with advantage, both because it is historically 
full of interest, and in order that attention may be directed to a 
subject which is rarely more than superficially noticed in our text- 
books. It is in no way surprising that he should remark— 


“T confess I had not anticipated the possibility of the existence of (such) a 
compound ; it appeared at the first glance in direct opposition to the theo- 
retical view repeatedly referred to. For if it was possible to decompose the 
new iodide by potassa, just as the preceding iodides, . . . if it was possible 
to separate from this substance a new volatile base analogous to the preceding 
ethylated alkaloids, there was no reason why the process of ethylation should 
cease with the fourth equivalent of ethyl. On the contrary, it then appeared 
more than probable that the formations of ethylamine, diethylamine, and 
triethylamine, far from being due to the successive replacement of the various 
equivalents of hydrogen in ammonia, were rather to be considered as special 
instances of a far more general tendency of carbon and hydrogen to accumulate 
in organic substances. 

“The eagerness with which I submitted this question to the test of experi- 
ment may be readily imagined ”—Indeed, it may !—“ On adding potassa to 
a solution of the iodine compound in water, the liquid solidified at once into 
a crystalline mass, which I took of course for the base existing in the iodide ; 
analysis, however, soon showed that the substance thus precipitated is 
nothing but the iodide itself, which is less soluble in an alkaline solution 
than in pure water. The iodide was now distilled with a very concentrated 
solution of potassa for several hours ; but during this time nothing but pure 
water passed over. The solution in the retort solidified on cooling to 
erystals of the unchanged iodide. When the solution of the iodide in 
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potassa had become very concentrated, it separated into two layers, an 
aqueous one and an oily one, which floated on the surface. But even now no 
decomposition had been induced, the oily stratum solidifying on cooling into 
a crystalline cake of iodide perfectly unaltered. It was only when the liquid 
was evaporated to dryness that a change took place ; but then the change 
was no longer due to the action of the potassa, but to the influence of heat, 
and in no way differed from the decomposition which the crystals undergo 
when heated alone” (into triethylamine and ethyl] iodide). 

“The deportment with potassa of the new iodine compound altogether 
precludes the idea of considering it as an analogue of the hydriodides of 
ethylamine, diethylamine, and triethylamine, all of which are readily decom- 
posed under the influence of the alkalis. 

“ However, the iodine, though it cannot be eliminated from the crystals by 
the alkalis, may be separated with the greatest facility by silver salts; in 
fact, the nitrate, the sulphate, the oxide of silver behave with the iodine 
compound exactly as with iodide of potassium or sodium. . . . In fact, 
the molecular group combined with iodine, in the compound under examina- 
tion, behaves like sodium or potassium ; it is a true organic metal in all its 
bearings. For this metal, I propose, on the ground of its formation and 
composition, the name tetrethylammonium (rérpa), which implies that it is 
built up by the intimate union of nitrogen with four equivalents of the 
hypothetical hydrocarbon called ethyl, and that it may be viewed as 
ammonium, in which the whole of the hydrogen is replaced by an equivalent 
proportion of the above hydrocarbon.” 

“The new crystalline compound, according to this mode of viewing it, 
must be considered as iodide of tetrethylammonium, and its formation takes 
place in consequence of a transposition cf the elements, which is perfectly 
analogous to that assumed by the followers of the ammonium theory in the 
formation of iodide of ammonium from ammonia and hydriodic acid.” 


We have here a complete statement of the ammonium theory of 
the constitution of such iodides and of analogous compounds, accepted 
in its entirety from the time of Hofmann’s experiments up to the 
present day. But it is important to note that he explicitly guarded 
himself when putting this view forward by stating— 

“T will not enter here into the merits of the ammonium theory ; the ques- 
tion whether this mode of representing the constitution of the ammonia salts 
be correct or not may be left out of consideration for the present. The view 
I have taken of the new compound, and which I readily admit must stand and 
fall with the ammonium theory, has the great advantage of closely assimilating 
these substances to the compounds of mineral chemistry, whereby the nomen- 
clature is essentially facilitated.” 


In the memoir under consideration there is much else that is of 
importance from many points of view. The iodide having been 
described, a full account is given of the remarkable properties of the 
hydrate formed on digesting it with silver oxide; and the extra- 
ordinary resemblance which this compound bears to the fixe¢ caustic 
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alkalis is established in the most thorough manner possible. Among 
the properties of this substance to which reference is made, one 
deserves mention as somewhat singular, namely, the formation of a 
crystalline precipitate of the corresponding iodide on adding a con- 
centrated sulution of the tetrethylammonium hydrate to an alkaline 
solution of iodide of potassium. This phenomenon, it is pointed out, 
is due to the insolubility of the iodide in alkaline solutions, and not 
to the new base possessing a greater affinity for iodine than potas- 
sium. Another illustration of the readiness with which the iodide is 
formed is afforded by its production on boiling the hydrate (a con- 
centrated solution) with ethyl iodide, the latter being converted into 
alcohol. 

The memoir also contains a description of a number of mixed ammo- 
nium compounds analogous to the tetrethylammonium derivatives, 
prepared, for example, by combining methyl or amy] iodides with tri- 
ethylamine, or from other nitrile bases than this last, as well as of 
the tetramethyl and tetramyl compounds. These were all found to 
exhibit the closest resemblance in their properties. 

The behaviour of the hydrates is deserving of special mention. 
When a solution of tetrethylammonium hydrate (NEt,OH) is con- 
centrated in vacuo, crystals are obtained of a hydrated compound. 
On evaporating such a solution on the water bath, decomposition sets 
in even before the water is completely driven off, the hydrate being 
resolved into triethylamine, ethylene and water, thus affording a 
means of preparing pure triethylamine. Hofmann also examined the 
behaviour of the amyltriethyl-, of the methyldiethylamyl-, and of the 
phenyltriethyl-ammonium hydrates, and in each case found that 
ethylene was the gas evolved. That the amyltriethyl compound 
should undergo decomposition in this way is somewhat remarkable, 
especially as the tetramyl derivative is resolved into triamylamine, 
water and amylene, and it is therefore noteworthy that the amyl com- 
pound is stated to be far less easily decomposed than the corresponding 
tetrethylammonium hydrate. Naturally, the tetramethylated com- 
pound was investigated, in the hope that it would afford methylene, 
bat no gas was obtained from it; the precise nature of the change 
which it underwent was not determined. 

Hofmann makes an important use of these facts, and of the proper- 
ties of the substituted ammonium compounds generally, in discussing 
the constitution of the ammonia salts. The arguments he advanced 
nearly fifty years ago are still adopted at the present day, and, not- 
withstanding the attention since devoted to the subject, the problem 
remains much in the condition in which it was left by him—it will 
probably not be going too far to say entirely unsettled, conclusive in 
its favour though the arguments appear to be; nor is this strange, as 
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the settlement of the most difficult problem in chemistry is involved 
in its solution. 

Several passages from this part of Hofmann’s memoir merit 
reproduction here, if only as a model of lucid and philosophical 
statement. 


“Without reproducing all the arguments brought forward by the sup- 
porters of the various theories (regarding the constitution of the ammonia 
salts), we may remember (he says) that, irrespectively of the impossibility of 
isolating ammonium itself, the instability of its oxide has been adduced as 
one of the most important objections against the assumption of the am- 
monium theory as originally suggested by Ampere, and subsequently 
elaborated by Berzelius. It deserves to be noticed that Berzelius expressly 
states that he considers the solution of ammonia gas in water as a solution of 
the hydrated oxide of ammonium. This idea, which is but a logical con- 
clusion from the generalisation of the facts, is discountenanced to a certain 
extent by the chemical and physical character of this solution. Everybody 
knows that, even at the common temperature this liquid splits again into 
water and ammonia, while it still exhibits the character of the latter in so 
marked a manner as almost to preclude the idea that it had undergone as 
essential a change as the transformation into oxide of ammonium necessarily 
must be. Under these circumstances, some interest is attached to the dis- 
covery of a series of compound bases, corresponding in their composition to 
hydrated oxide of ammonium, from which they differ only by containing 
methyl, &c., in the place of hydrogen, and exhibiting a deportment which 
agrees much better with the anticipated character of such compounds as 
suggested by analogy. Here we find a very marked difference between the 
properties of the compound ammonia, and those of the ammonium oxide 
belonging to it ; in the latter, we observe no longer any feature which could 
possibly betray the presence of the former ; all their habits, volatility, odour, 
taste, &c., are totally changed ; there is a difference between the two groups 
which is not inferior to that between ammonia and potassa. The solutions 
of the two oxides may be boiled for hours without the slightest quantity of 
the corresponding ammonia being disengaged ; several of these oxides, con- 
taining more or less water of constitution or crystallisation, may actually be 
obtained in the dry state. it is evident that the arguments mentioned above, 
as adduced in refutation of the ammonium theory, cannot well be raised 
against the compound ammoniums. But who could deny the parallelism of 
these substances with the Berzelian type—with the oxide of ammonium ? 

‘** Again, many have found it difficult to conceive, that in the combination 
of ammonia with hydrochloric or hydrobromic acid, the hydrogen of the 
latter should leave the chlorine and bromine, for which it is known to possess 
so powerful an affinity, in order to unite with ammonia, converting it into 
ammonium. And they were the less inclined to admit of such a disposition 
of the elements, as every day’s experience showed that the alleged chloride 
or bromide of ammonium was incapable of exchanging oxygen for chlorine 
or bromine, without losing the additional equivalent of hydrogen again in 
the form of water. In other terms, the decomposition of sal-ammoniac by 
lime, into chloride of calcium, ammonia gas, and water induced them to con- 
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sider this salt as a compound of ammonia and hydrochloric acid ; for, in the 
conception of the ammonia theory, we should have to assume in this decom- 
position two consecutive changes, the transformation of the chloride into 
oxide, and the subsequent splitting of the latter into ammoniacal gas and 
water. I readily admit that the latter view is less simple, but I am inclined 
to think that this slight inconvenience is altogether overruled by the general 
advantages of the ammonium theory, especially for the purposes of instruc- 
tion, by the facility with which it accounts for all phenomena of transposition 
and substitution, and by the simple explanation it gives of the isomorphism 
of the potassium and ammonium compounds, which will always be the firmest 
foundation of this theory. On the other hand, we have to inquire which of 
the two views comes nearest to the truth, and here a comparative considera- 
tion of the depertments exhibited by the compound ammoniums may be of 
some interest. In many respects their properties are more clearly pronounced ; 
and their behaviour is explicit and unequivocal in those very points in which 
the typical ammonium leaves room for speculation. In the combination of tri- 
ethylamine with bromide or iodide of ethyl, it is no longer a matter of doubt 
whether the ethyl leaves the iodine in order to unite more intimately with 
the triethylamine, for we see that the new iodide thus produced is capable of 
exchanging its iodine for oxygen without the newly formed oxide suffering 
immediate decomposition, as is the case with oxide of ammonium. On the 
contrary, we find this new oxide endowed with remarkable stability ; 
although under the influence of heat it is liable to the same change which 
befalls the oxide of ammonium, its corresponding ammonia being reproduced, 
Here then in the decomposition of iodide of tetrethylammonium by metallic 
oxides, we are obliged by irresistible evidence to acknowledge these very 
two stages, the assumption of whjch in the analogous change of iodide of 
ammonium appeared to us deficient in simplicity and probability. 

“The conception of ammonium does not ia any way imply the notion that 
the different hydrogen atoms united with nitrogen in the molecules of the 
compound metal retain their position in the molecular system with equal 
persistency. We are forced by unequivocal facts to admit that the fourth 
atom of hydrogen is in a peculiar state of mobility, and it is on the facility 
with which this fourth atom is dislodged from its position that one of the 
foundations of the ammonia theory rests. In the compound ammoniums, the 
mobility of the fourth atom of hydrogen, or the hydrocarbon replacing it, 
still prevails, although less so than in the type itself. The decomposition of 
the ammonium bases under the influence of heat is particularly instructive in 
this respect ; oxide of tetrethylammonium loses the fourth equivalent of 
ethyl in the form of olefiant gas and water ; and this deportment might be 
graphically indicated by writing the formula of this compound in accordance 
with the ammonia theory, namely, thus 

C,H, 
C,H, } N,C,H,0. 
A 
“The iodide, accordingly, would be represented by the formula 
C,H, 
C,H, } N,C,H,I, 


C, 
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an expression which is, moreover, in perfect harmony with the mode in which 
this compound is produced, namely, by the direct union of iodide of ethy! 
with triethylamine. 
“But now we combine the triethylamine with iodide of amyl, whereby the 
iodide 
C,H, 
cin} N,C,oH 1, 
os 
is formed which, as we have seen in the preceding pages, may be converted 
without difficulty into the corresponding oxide ; this oxide, however, cannot 
possibly be considered as 
C,H; 
C, H; } N,C,,H,,9, 
o-=5 
for the disengagement of olefiant gas, under the influence of heat, proves tu. 
us that it is an ethyl atom, which in this compound occupies the supplemental 
position, if I may so call it, as represented in the formula 


CH; | 
C,H, $N,C,H,0, 


CH, J 


and that the iodide, which is not likely to differ in its constitution from the 
oxide, has likewise to be represented by the formula 


C,H, }$N,C,H,I. 


CoH, 


“The preceding considerations clearly show, that, whatever the actual 
disposition of the molecules in ammonium or its congeners may be, the atoms: 
rearrange themselves whenever the fourth equivalent of hydrogen, or of its 
substitute, joins the compound. 

“This rearrangement, so evident in the ammonium bases containing various 
hydrocarbons, may be traced, moreover, in the lower ethyl bases in a very 
obvious manner. For as long as there is any basic hydrogen present in the 
ammonia skeleton, this hydrogen assumes what I have previously called the 
supplemental position, whenever the ammonia passes into the state of 
ammonium by the accession of aradicle. Bromide of ethylammonium, formed 
by the combination of ammonia with bromide of ethyl, when decomposed by 
a metallic oxide, yields ethylammonia, water, and a metallic bromide ; the 
oxide of ethylammonium formed in the first instance being decomposed like 
oxide of ammonium itself. It is this very transposition which we are in the 
habit of representing by the equation 


H,N + 0,H,Br = C,H,,H,N,HBr.” 

Later researches have shown that the argument used by Hofmann, 
based on the behaviour of the hydroxides, is, after all, of limited 
value; it was first pointed out by Lossen, in 1876 (Liebig's Annalen,. 
1876, 181, 364), that whereas the ethylated hydroxides, as a rule, 
lose ethylene and water when distilled, whatever the other groups. 
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may be, in the case of the chiorides, if methyl be present, methyl 
chloride is usually split off. 

Collie and Schryver, after studying the effect of heat on a number 
of mixed ammonium compounds, came to the conclusion, however, that 
when a mixed quaternary ammonium chloride (made from trimethyl- 
amine or triethylamine) is heated, a mixed tertiary amine is always 
produced. But the actual amount formed varies very considerably 
in the case of different compounds, the only product from trimethyl- 
phenylammonium chloride, for example, being dimethylphenylamine, 
whilst trimethylamine is chiefly formed when allyl- and isopropyl- 
trimethylammonium compounds are decomposed. The behaviour of 
the chlorides and hydroxides is also sometimes diverse: thus, whilst 
trimethylbenzylammonium chloride yields dimethylberzylamine and 
methyl chloride, its hydroxide is resolved into trimethylamine and 
benzyl alcohol ; but methyltriethylammonium chloride yields triethyl- 
amine, whilst the hydroxide is converted into methyldiethylamine. 

The belief has gradually grown up, however, that nitrogen acts as 
a pentad in the ammonium compounds, and that no distinction is to be 
drawn such as is implied in Hofmann’s reference to a supplemental 
position, although the evidence that this is the case is still incom- 
plete. An important series of experiments has been made by V. 
Meyer and Lecco directly with the object of ascertaining whether 
isomeric compounds can be formed by combining, on the one hand, 
dimethylethylamine with ethyl iodide, and, on the other, diethyl- 
methylamine with methyl iodide; finding the products to be identical, 
they came to the conclusion that the ammonium compounds are to be 
regarded as atomic, and not as molecular, compounds (Liebig’s 
Annalen, 1876, 180, 173). 

But Lossen has pointed out that their results do not necessarily 
establish the correctness of their conclusion. It is possible, he 
thinks, that an exchange of radicles may take place during the forma- 
tion of the ammonium compound. Moreover, he does not regard the 
fact that the products are crystallographically identical as proof that 
they are actually identical in stracture, his argument being that two 
compounds such as N Me,Et-Etl and NEt,Me-MelI would be so similar 
that they would probabiy crystallise in isomorphous forms (Liebig’s 
Annalen, 1876, 181, 364). 

On mathematical grounds, the five valencies of a nitrogen atom 
cannot beall similar. In the case of compounds of the type NRR’;Cl 
it may be assumed, however, that the five radicles are distributed 
upon a sphere, and either that their mutual position is changeable, 
and therefore no isomerism is possible; or that the positions of the 
five groups are fixed, and that at least two isomerides are possible. 
In the case of the simpler derivatives of ammonium chloride contain- 
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ing hydrogen or methyl, the former view seems correct; but, in the 
case of derivatives containing more complicated radicles, it might be 
expected that, owing to their mass and size, these would not change 
their mutual positions so readily as do hydrogen or methyl... Le Bel 
is of opinion that isomerism of this kind is recognisable (Compt. rend., 
1890, 110, 145). On examining a whole series of cubic mixed am- 
monium platinichlorides, and determining the stage at which cubic 
symmetry vanished, he found that whilst the trimethylpropylammo- 
nium platinichloride was still cubic, the homologous isobutyl com- 
pound was dimorphous—at first crystallising in long, highly doubly 
refracting forms, which change into feebly doubly refracting octa- 
hedra closely resembling cubic crystals. The chlorides from these 
platinichlorides were also different (ibid., 1893, 116, 513). Collie 
and Schryver came to somewhat similar conclusions in the case of 
methyldiethylisoamylplatinichloride. 

Moreover, Le Bel has stated that it is possible to prepare optically 
active isobutylpropylethylammonium chloride (Compt. rend., 1891, 
112, 724). 

It is clear, therefore, that the last word has not yet been said on 


the subject. 
# * * * * 


About eight years after the publication of his researches on the 
ammonium compounds, Hofmann, in conjunction with Cahours, 
brought under the notice of the Royal Society an account of their 
researches on the phosphorus bases (Phil. Trans., June, 1857, 575), 
in which they described the now familiar method of preparing tri- 
methyl- and triethyl-phosphine by means of Frankland’s zinc methyl 
and zinc ethyl* and phosphorus trichloride, as well as a number of 
phosphine derivatives, and also several phosphonium compounds 
corresponding in the closest manner possible to the ammonium com- 
pounds, 

The history of this investigation may be traced by reference to a 
paper presented to the French Academy by Cahours in Hofmann’s 
and his own names in November, 1855 (Compt. rend., 41, 831). 

Hofmann, at the close of his great memoir on the amines, had not 
failed to draw attention to the compound prepared by Thénard in 
1845 from calcium phosphide and methyl chloride as being probably 
the analogue of trimethylamine. Cahours, after referring to 
Thénard’s work, points out that the subsequent discovery of stibethy} 
by Léwig and Schweitzer, and that of the compound ammonias by 
Hofmann, afforded proof that the hydrogen in ammonia and its 
analogues may be displaced by methyl], &c., without the loss by these 

* The writer has been told by Dr. Frankland that at Hofmann’s request he pre- 
pared the zinc ethyl used in the first experiments made to test the method. 

VOL, LXIx, 22 
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hydrides of their basic properties; nay, more, that in the case of 
arsenic and antimony the basic properties become actually enhanced. 
The discovery of the tetramethyl bases of Hofmann, followed by that 
of the corresponding arsenic and antimony bases made simultaneously 
by Cahours and Riche on the one hand and Landolt on the other, had 
shown, moreover, that it was possible to go further and displace the 
four hydrogen atoms in ammonium by alcohol radicles, and that cor- 
responding compounds of arsenic and antimony could exist. There 
remained but the blank between the compounds of nitrogen and those 
of arsenic to be filled up; and to supply this want, therefore, during 
a stay of a month in London, he had undertaken the study of the 
phosphorus compounds with Hofmann. 

The monograph published by the Royal Society was the outcome 
of the inquiry thus initiated, which was carried out with the assist- 
ance of Dr. Leibius and Messrs. Perkin and C. Hofmann.  Tri- 
methyl- and triethyl-phosphine are fully described in it, and their 
perfect analogy with triethylamine demonstrated by their behaviour 
with the iodides of methyl, ethyl and amyl. Tetrethylphosphonium 
iodide is shown to resemble the corresponding ammonium iodide, 
and to be extremely soluble in water, but precipitable by potash. 
The corresponding hydroxide, whilst behaving exactly like caustic 
potash, and therefore resembling tetrethylammoninm hydroxide, 
differs—it is pointed out—from the latter in its behaviour on 
heating, owing to the affinity of phosphorus for oxygen coming 
into play, yielding ethane and triethylphosphine oxide.* Lastly, 
attention is drawn to the extraordinary affinity of triethylphosphine 
to sulphur and selenium. 

The analogies presented by the four elements—nitrogen, phos- 
phorus, arsenic, antimuny—as well as their peculiarities are pointed 
out by Hofmann and Cahours in this memoir with a clearness and 
precision before unknown, and in a manner which leaves no word to 
be said even at the present day. 

The analogy between the four elements, they remark, 

“Ts particularly manifest in the compounds belonging to the ammonium 
type. In these remarkable bodies, nitrogen, phosphorus, arsenic, and 
antimony appear to play absolutely the same part. It is more especially in 
fhe oxides of these compound metals that analogy of composition induces a 
perfect identity in properties, and, indeed, of very salient properties which 
may be traced in almost every direction. If we were satisfied with the study 
of the reactions of these bodies, we should never suspect, in compounds 
exhibiting such a close similarity of properties, the presence of elements so 


* The manner in which a number of phosphonium derivatives decompose when 
heated has been since carefully studied by Letts and Collie and by Collie (Chem. 
Soc. Trans., 1888, 714). 
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«lissimilar as nitrogen, phosphorus, arsenic, and antimony; they might, 
moreover, be confounded with potassa and soda, by which they are scarcely 
surpassed in alkaline power. Only the deportment of the hydrated oxides, 
ander the influence of heat, distinguishes the derivatives of nitrogen from 
‘the corresponding terms of the phosphorus, arsenic, and antimony series. 

“Tf we regard, on the other hand, the compounds belonging to the 
ammonia type, we observe that the electro-positive character of the sub- 
stances gradually rises in intensity from the nitrogen to the antimony 
compounds. Thus trimethylamine and triethylamine are not capable of 
uniting with oxygen, chlorine, bromine, and iodine; a power which the 
corresponding terms of the phosphorus, arsenic, and antimony series possess 
in a high degree. Triethylamine unites with the acids producing compounds 
of the formula 

E;N,HCl, E;N,HSO, E,N,HNO,. 

“The corresponding compounds in the arsenic and antimony series do not 
exist ; at all events, chemists have not yet succeeded in preparing them. 
Triethylamine and triethylstibine only combine directly with oxygen, 
chlorine, sulphur, &c., producing saline bodies which have the composition 
respectively 

E,As0,, E,AsCl,, E,AsS,. 
E,SbO,, E,SbCl,, E,SbS8,. 


“In the phosphorus series, lastly, two classes are represented. Triethyl- 
phosphine not only forms compounds analogous to the salts of triethylamine, 
but also the terms corresponding to the binoxides of triethylamine and 
triethylstibine. We have, in the first place, the terms 


E;P,HCl, E,P,HSO, E,P,HNO,, 
and, in the second place, compounds of the formule 
E,PO,, E,PCl,, E,PS.. 


“The phosphorus compounds, accordingly, hold a position intermediate 
between the nitrogen compounds, on the one band, and the arsenic and 
antimony series on the other. It cannot, however, be denied that the 
phosphorus compounds stand closer to the arsenic and antimony series than 
to the nitrogen group. 

* Ammonia is a powerful alkali ; phosphoretted hydrogen only unites with 
hydrobromic and hydriodic acids, whilst in arsenietted and antimonetted 
hydrogen the power of combining with acids has altogether disappeared. In 
these hydrogen compounds the gradation of properties is, indeed, much more 
marked than in their trimethylated and triethylated derivatives. On com- 
paring the terminal points of the series, ammonia and antimonetted hydrogen, 
‘we cannot fail to be struck by the dissimilarity of properties which at the 
first glance appears to limit the analogy of the two compounds to a mere 
parallelism of composition. In the methylated and ethylated derivatives of 
these compounds, the intensity of the chemical tendencies in general is so 
much raised that the gradation is no longer perceptible to the same extent.” 

* * . * * 

Hofmann devoted much attention to the study of phosphine de- 

rivatives during the three years following the publication of the 
222 
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paper by Cahours and himself, presenting no fewer than 12 com- 
rounications to the Royal Society, which were finally embodied in 
three memoirs communicated to the Society in June, 1860, entitled 
“Contributions to the History of the Phosphorus Bases”* (Phil. 
Trans., 1860, 408—533). It is noteworthy that these contain 
accounts of a large number of crystallographic determinations by 
Quintino Sella, whom Hofmann terms “ My friend, the celebrated 
crystallographer of Turin,” and whose life he afterwards pourtrayed 
in a lengthy essay, perhaps the most remarkable and masterly of the 
numerous biographical notices of which he was the author; his in- 
imitable skill in such matters is especially obvious in this case, as 
the subject of his memoir was not a chemist; yet he produced an 
account full of interest to chemists, which must rank as an enduring 
memorial of his remarkable versatility and literary power. 

The first of the memoirs under consideration deals with the specific 
properties of triethylphosphine, which Hofmann speaks of as “a body 
in whose chemical relations the leading questions of the day are not 
unfrequently mirrored with surprising distinctness.” 

Having recounted his experience of the best method of preparing 
the phosphine, its oxide is fully considered. This compound exhibits in 
general but a slight tendency to unite with other substances; never- 
theless, we are told, it affords a crystalline compound with iodide of 
zinc, for example, [(C,H;);PO],.ZnI,, which, strange to say, is formed 
in presence of a large excess of hydriodic and even of hydrochloric 
acid. When the anhydrous oxide is added to a concentrated solution 
of platinic chloride in absolute alcohol, a crystalline platinum com- 
pound is precipitated which Hofmann represents by the remark- 
able formula [(C,H;);PO];,(C.H;);PCl,,PtCl, but to which Letts 
and Collie, who have prepared a similar compound from tribenzyl- 
phosphine oxide, assign the formula 4(EtsPO),2HC1,PtCl, (Roy. 
Soc. Edin. Trans., 30, 207). A peculiar crystalline oxychloride, 
(C.H;);sP0,(C.H;)s;PCl,, is said to be formed on subjecting the oxide 
to the action of gaseous hydrogen chloride. 

The observations of most interest in the paper relate to the inter- 
action of sulphur compounds and triethylphosphine. Although 
sulphur unites with triethylphosphine with the greatest readiness, 
and sulphide of nitrogen is instantly deprived of its sulphur by its 
action, sulphuretted hydrogen is without action, even in presence 
of air, the attraction of the phosphine for oxygen preventing the 
oxidation of the hydride. Mercaptan alone is also without action, 
but in presence of oxygen converts the phosphine into the sulphide, 

* Hofmann uses the new notation for the first time in these memoirs. The pre- 
liminary communications which had been published in the Proceedings were in 
the old notation. 
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the mercaptan being reciprocally converted into alcohol. As triethyl- 
phosphine oxide and mercaptan may be placed under the most varied 
conditions without yielding a trace of triethylphosphine sulphide, we 
have to suppose, Hofmann points out, that the mercaptan interchanges 
its sulphur with the oxygen of the phosphine oxide only at the instant 
of formation of the latter; or what comes to the same thing, that the 
oxygen of the air, in presence of a substance so greedy of sulphur as 
trietbylphosphine, directly takes the place of the sulphur in the 
mercaptan. 

All attempts to displace the oxygen in triethylphosphine oxide 
by sulphur were unsuccessful, although the opposite change was 
readily effected. The different degrees of stability which charac- 
terise the oxide and sulphide are also strikingly illustrated by their 
behaviour towards sodium, from which the oxide may be distilled 
without suffering alteration, although the sulphide is reduced by it 
with the greatest facility to triethylphosphine. 

The most remarkable of all the phosphine derivatives prepared by 
Hofmann, however, is the beautiful red crystalline compound of tri- 
ethylphosphine and carbon bisulphide, EtsP*CS,, which is immediately 
formed on bringing the two substances together*—a compound which 
possesses the character of a weak base. It is noteworthy that no 
<crresponding compound is obtainable from either triethylamine or 
triethylstibine, or from primary or secondary phosphines, although 
the last two are acted on by the bisulphide. 

The bisulphide compound exhibits a remarkable tendency to pass 
into sulphide of triethylphosphine, as, for instauce, when its alcoholic 
solution is mixed with silver nitrate. It also decomposes in contact 
with water, yielding the sulphide as principal product, together with 
the oxide, carbon bisulphide and triethylmethylphosphonium hydrate. 
A small quantity of a yellow crystalline substance is also formed, the 
composition of which is represented by the formula C,H,;P8,; the 
production of this compound was traced by Hofmann to the action of 
sulphuretted hydrogen, and he succeeded in preparing considerable 
quantities of it by digesting the red crystals with a saturated solution 
of sulphuretted hydrogen at 100°. 1t may be recrystallised from 
boiling absolute alcohol, although not without a certain loss; when 
boiled with water, it is entirely decomposed, carbon bisulphide being 
evolved, the soluticn becoming faintly alkaline. On neutralising the 
liquid with hydriodic acid, a sparingly soluble crystalline iodide is 


* This substance is produced with such facility, and its appearance is so charac- 
teristic that its formation may be used as a test either for carbon bisulphide or for 
the tertiary phosphine ; it is easy, as Hofmann showed, to demonstrate the presence 
of carbon bisulphide in coal gas with its aid, and even to use it as a means of 
estimating minute quantities of the bisulphide (Ber., 1880, 18, 1732). 
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obtained, which has the composition represented by the formula 
C,H,:PSI. 

Another remarkable sulphur derivative is formed by the direct 
union in molecular proportions of the phosphine and pheny]! isothio- 
cyanate, two substances which interact with extreme readiness. 
Like those already referred to, it is a coloured substance, crystallising 
in uranium-yellow, monoclinic prisms. It is a well-defined base, com- 
bining with methyl iodide to form a phosphonium iodide, the hydrate: 
from which readily decomposes into phenylisothiocyanate and methy]- 
triethylphosphonium hydrate. Carbon bisulphide readily displaces 
the thiocyanate from the compound. On attempting to prepare a 
similar compound from pheny] isocyanate, it was found that the latter 
was polymerised, the phosphine remaining unaltered, 

The conclusions arrived at by Hofmann regarding the constitution 
of these various sulphur derivatives are not without interest, although 
clearly in need of reconsideration in the light of modern knowledge. 
The red bisulphide compound was viewed by him as the primary 
triethylphosphonium salt of sulphocarbonic acid minus 1 mol. of 
sulphuretted hydrogen 


(CoH) BE “<2 \ S = (C,H;),P,CS,. 


He regarded the yellow crystals formed from it by the action of 
sulphuretted hydrogen as derived in like manner from the triethyl- 
phosphonium salt of sulphomethylated sulphocarbonic acid, 

CH,;S « H CHS 1 ¢ 
(0. EP } C8,— Ht i - (ony OS, 
and represented the decomposition of the latter compound by water 
as taking place in the following manner, 


(CH.S)(C,H;);PCS, + H.O = CS, + (CH,S)(C,H;);P-OH. 


He not unnaturally thought that the compound of triethylphos- 


phine with pheny] isothiocyanate was a kind of urea.* 
* %* * * . 


* It is open to question whether the formule arrived at by Hofmann in all? 
cases represent the molecular composition of the compounds ; thus, it is not impos- 
sible that the compounds formed from carbon bisulphide and phenyl isothiocyanate 
are cycloids such as are represented by the following formule— 


cs cs 
4™N o™, 
Et,P 3 Eup NPh 
| | ae. 
S PEt, PhN PEt; 
\/ Ld 
Cs cs 


The writer proposes to study these compounds from this and other points of view 
in connection with his inquiry into the origin of colour. 
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Hofmann’s researches on the phosphine and phosphonium com- 
pounds, which followed his investigations of the monamines and the 
corresponding ammonium compounds, and which, as we have seen, 
were the direct logical outcome of these inquiries, also largely paved 
the way for the successful examination of the more complex deriva- 
tives obtained with the aid of compounds like ethylene bromide. The 
second of his three memoirs on the phosphorps bases, in fact, deals 
with the products obtained from this haloid and triethylphosphine, 
and is of particular interest, as the results were of importance in 
aiding him to place beyond question the nature of the interactions 
involved in the formation of the polyammonias generally. 

His reasons for studying “ polyacid” bases are stated with charac- 
teristic clearness in the opening paragraphs of the paper, and it will 
be of interest to quote them, as they serve to show the manner in 
which he was led by eoncurrent discoveries to thus extend his 
inquiries— 

“In surveying the rich harvest of discoveries which of late years have 
rewarded the exertions of chemists, with reference to their general effect on 
the progress of the science, we cannot help recognising as one of the most 
valuable amongst their acquisitions, the development of the theory of poly- 
atomic compounds. Seldom has a theory diffused a clearer light on previously 
established facts, or exerted a more fructifying and inspiring influence on 


the labours of chemists. First coming into notice in the chemical researches. - 


of Graham and Liebig on the polybasic acids, and afterwards extended and 
generalised by the experiments of Gerhardt and Williamson, it has acquired 
in Berthelot’s beautiful investigation of glycerin a new field of discovery, 
the active cultivation of which has already brought to maturity a great 
variety of fruits. An important step in the development of these ideas 
was made by H. L. Buff, in showing that dibromide of ethylene can be 
converted into a corresponding sulphocyanate, and in the conclusions which 
he drew from this observation ; until, in the brilliant experimental researches 
of Wartz on the diatomic alcohols, the doctrine of polyatomic compounds has 
received its clearest and most elegant expression. 

“Considering the untiring activity with which chemists have devoted 
themselves to the study of the polybasic acids, and, within the last few 
years, of the polyatomic alcohols, it cannot but appear remarkable that so 
little attention should hitherto have been bestowed on the polyacid bases. 
It is true that we are already in possession of many valuable observations 
relating to these bodies ; but they are isolated, and the facts which they have, 
established can scarcely be looked upon as more than accidental acquisitions. 
Regarded in the scientific sense as a class, and in their relations to other 
groups of bodies, the polyatomic bases have hitherto been left without 
examination.” 


After remarking that— 


“ Respecting the constitution of these compounds, and the conditions under 
which they would be produced, no doubt could be entertained,” 


MRE ES CW 
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Hofmann proceeds to point ont what products might be formed 
from ethylene bromide and ammonia or the amines; he then refers 
to the experimental difficulties involved in the separation and recog- 
nition of all the products of such complex interactions, and finally 
remarks— 


“Nevertheless, the experiment with triethylamine, from which I had 
expected the simplest and clearest solution of my problem, did not entirely 
satisfy me, inasmuch as I did not succeed in obtaining more than three of the 
compounds out of the fowr which are indicated by theory. It was not indeed 
till I repeated the experiment in the phosphorus series, using, instead of 
triethylamine, the corresponding phosphorus base, that I succeeded in 
obtaining all the compounds, and that the results appeared as the pure 
expression of theory undisturbed by accidental products. In its reaction 
with dibromide of ethylene, the sharply defined characters of triethylphos- 
phine exhibit themselves with welcome distinctness, and in the products 
resulting from the action, the peculiar relations between monatomic and 
diatomic bases become perceptible with a degree of clearness and generality 
such as I have never observed in any similar reaction among bodies of the 
nitrogen series. It is the smoothness of these reactions which renders it 
desirable to commence an account of a more general investigation of the 
diatomic bases with a description of the bodies belonging to the phosphorus 
series.” 


The primary products of the interaction of ethylene dibromide and 
triethylphosphine were found to be two in number, the one being 
bromethyltriethylphosphonium bromide, (BrC,H,)PEt,;Br, the other, 
ethylenehexethyldiphosphoniumdibromide, (C2H,)P.,EtsBr,. The former 
behaves in an interesting manner with silver salts and silver oxide, the 
oxide causing the displacement of the whole of its bromine by hydr- 
oxyl, converting it into hydroxyethyltriethylphosphonium hydrate, 
the compound represented by the formula, (HO-C,H,)-PEt,-OH ; 
whereas a salt, such as silver acetate, whilst readily exercising a 
similar effect on the one atom of bromine, more slowly induces the 
separation of the other atom of bromine together with an atom of 
hydrogen, thus giving rise to a vinyltriethylphosphonium hydrate, 
C.H;-PEt;OH. The bromide corresponding to this latter hydrate 
may be formed directly from the bromethyl bromide by heating it. 

The diphosphoninm compounds closely resembie the phosphonium 
compounds. The diiodide, for example, Hofmann points out, like 
most diphosphonium compounds, exhibits great stability ; it melts at 
231°, without undergoing the slightest change, although it is decom- 
posed when more strongly heated over an open flame. A remarkable 
character of this salt is its insolubility in a moderately concentrated 
solution of potash; its solution, like those of the diphosphonium salts 
in general, is perfectly neutral. The hydrate commences to decom- 
pose at 160°, and, on raising the temperature gradually to 250°, the 
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whole passes over in the form of liquid and gaseous products. 
Hofmann arrived at the conclusion that it undergoes two principal 
transformations, a portion yielding triethylphosphine oxide and 
tetrethyiphosphonium hydrate, 


(C,H,)-P,Et,(OH), = Et,PO + Et,P-OH, 


of which the latter is ultimately resolved into triethylphosphine 
oxide and ethane; whilst a second portion is resolved into triethyl- 
phosphine and hydroxethyltriethylphosphonium hydrate, 
(C,H,)-P,Et,(OH), = PEt; + (C,HyOH)PEt,-OH, 

and of these the latter is at least in part converted into water and 
vinyliriethylphosphonium hydrate, which in turn becomes converted 
into ethylene and triethylphosphine oxide. A peculiar (?) molecular 
change precedes the actual decomposition of the dihydrate, a point 
being soon reached during the distillation when, on testing with 
platinum chloride, instead of the slightly crystalline precipitate 
insoluble in dilute hydrochloric acid, characteristic of the original 
substance, an amorphous, generally dingy yellow, precipitate is 
obtained, which immediately dissolves on adding a few drops of dilute 
hydrochloric acid. This amorphous precipitate, however, has the 
same composition as the crystalline ethylene diphosphonium platini- 
chloride. 

Having found that bromethyltriethylphosphonium bromide was 
readily converted into ethylenehexethyldiphosphoninm dibromide by 
the addition of triethylphosphine, Hofmann prepared a large number 
of mixed diatomic bases of the phosphorus-nitrogen, phosphorus- 
arsenic and arsenic-nitrogen series by subjecting the bromethyl 
bromide to the action of ammonia and various monamines, mon- 
arsines, &c. ; an account is given of these in the third memoir on the 
phosphorus bases. The compounds described resemble in the closest 
manner possible those produced from triethy]lphosphine alone; thus 
the hydrates of the base prepared from the bromethylphosphonium 
bromide and ammonia instead of behaving as an ammonium hydrate 
when distilled, is resolved into ammonia, water and vinyltriethyl- 
phosphonium hydrate. Hofmann also failed, in like manner, in 
vbtaining an ethylenetetrethylphosphamine from the phosphammo- 
nium compound formed with the aid of ethylamine. 

Some peculiarities are brought under notice in this memoir which 
deserve attention. Thus it is pointed out, that whereas trimethyl- 
amine readily combines with the bromethylated triethylphosphonium 
bromide, triethylamine, acting in presence of water (in alcoholic solu- 
tion), merely induces the formation of the hydroxyethylated bromide, 
and, in the absence of water, apparently gives rise to vinyltriethylphos- 
phonium bromide; its behaviour in this respect is analogous to that 
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of trimethylamine, which slowly combines with ethylene bromide, 
forming the compound N(CH;),(BrC.H,;)Br; when subjected to the 
further action of trimethylamine, this latter is deprived of hydrogen 
bromide. Again, whereas triethylarsine and the bromethylated 
bromide readily combine, forming the phospharsonium bromide, tri- 
ethylstibine affords no similar compound; the latter also behaves. 
irregularly with ethylene bromide, which readily acts on triethyl- 
arsine. Hofmann also refers to a peculiar behaviour of bromethy]- 
trimethylphosphonium bromide with triethylphosphine, but without 
describing it. One other interesting observation should be men- 
tioned, namely, that whereas ethylene chloride, like the bromide, 
readily combines with triethylphosphine, ethylene iodide is merely 
deprived of hydrogen iodide by the phosphine. 

In a later paper (May, 1861) attention is drawn to the interesting: 
difference in behaviour of the methylene and ethylene compounds. 
Methylene chloride—and also the iodide—forms first a chloromethyl- 
triethylphosphonium chloride, a beautifully crystallised substance, 
which then fixes a second molecule of the phosphine. But the 
methylenehexethyldiphosphonium chloride produced in the latter case 
cannot be brought into contact with water without undergoing imme- 
diate decomposition, thus 


(CH,)P.Et.C], + H,O = CH;PEt,Cl + POEt, + HCl, 


a change taking place which, in the ethylene series, occurs only when 
the base is subjected to a high temperature. . 

Hofmann speaks of methy lene dibromide behaving differently, but 
does not state in what way. The somewhat similar behaviour of 
iodoform (as well as of chloroform and bromoform) was described 
by him at an earlier date (October, 1859). The interaction of 
iodoform and triethylphosphine is of a most vigorous character; the 
product, which may be recrystallised from alcohol, is a triphos- 
phonium triiodide, from which other salts can be readily prepared. 
The corresponding hydrate cannot be obtained, however, as reduc- 
tion takes place on digesting the iodide with silver oxide, a mixture 
of methyltriethylphosphonium hydrate with triethylphosphine oxide 
being formed. 

Carbon tetrachloride, in like manner, combines with 4 molecular 
proportions of the phosphine, forming a tetraphosphonium compound ; 
but the product cannot be isolated owing to its extraordinarily deli- 
quescent nature and the impossibility of touching it with a solvent 
without decomposing it; water converts it into the compound 
obtained from chloroform, triethylphosphine oxide and hydrogen 
chloride. 


It is manifest that in all these cases the tendency of triethylphos- 
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phine to combine with oxygen (and sulphur) which distinguishes it 
so sharply from triethylamine, enables it to act in presence of water 
(or sulphuretted hydrogen) as a powerful reducing agent. 

Hofmann’s last commanication with reference to triethylphosphine 
was made to the Royal Society in December, 1861; in it he describes 
its behaviour—as wel! as that of triethylamine—with chloracetic 
ether, which is shown to be precisely similar to that towards the 
alcoholic haloids previously studied. Attention is specially directed 
to the change that the hydrate formed from the chloride at once 
undergoes, Josing alcohol and forming a glycocol derivative. 

A long interval elapsed after the publication of Hofmann’s papers 
on tertiary phosphines and of the phosphonium compounds derived 
from them, although, as he has himself remarked, the study of the 
primary and secondary phosphines, the examination of which 
promised even more noteworthy results than that of the bodies 
before investigated, still remained to be achieved. It is clear that 
the peculiar tenacity of purpose which was one of his most striking 
characteristics Jed him to bear this problem constantly in mind, for 
in his “ New Researches on the Phosphorus Bases,” communicated to 
the Royal Society in March 1872 (Proc., 20, 221—239), after 
referring to the lapse of 12 years, he states that— 


“New tasks of life have since that time presented themselves, and I have 
not been able to devote myself as much to research as in former days. 
Nevertheless, numerous attempts were made to procure the primary and 
secondary phosphines, which were clearly indicated by theory and partly 
even by M. Thénard’s early observations. For a long time, however, these 
experiments proved unsuccessful, and it was only in the course of last 
summer that I at last discovered an easy method for their production.” 


And the manner in which the new method was discovered is stated 
in the following interesting passage— 


“The starting point of the new series of researches was a lecture experi- 
ment. Wishing to exhibit to my class the decomposition of phosphoretted 
hydrogen by the spark current of an induction coil, I was unable to procure 
by any of the metheds hitherto described, phosphoretted hydrogen of 
sufficient purity for this experiment. I was thus led to select a rather 
unusual substance as a source for phosphoretted hydrogen, namely, the 
beautiful compound of the latter with hydriodic acid, generally designated 
as phosphonium iodide. If a slow stream of water, or better, of potash or 
soda, be allowed, by means of a dropping tube, to flow into a small vessel 
containing phosphonium iodide, a regular current of perfectly pure phos- 
phoretted hydrogen is evolved. . . The facility with which phosphonium 
iodide is thus seen to split up into its constituents . . . led me to think 
that this body might be made available for the preparation of the compounds 
I had so long endeavoured to obtain. Two different processes suggested 
themselves, both aiming at a reproduction of the conditions under which, as 
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I have shown now more than 20 years ago, the alcohol derivatives of ammonia 
are readily obtained. For this purpose it was necessary to disengage phos- 
phoretted hydrogen in the presence of an alcohol iodide under pressure- 
This could be easily accomplished by submitting a mixture of an alcohol 
iodide and phosphonium iodide in sealed vessels to the action of an agent 
« « « slowly liberating the phosphoretted hydrogen from the iodide.” 


This anticipation was not only fulfilled, but the remarkable obser- 
vation was made that on heating phosphonium iodide along with zinc 
oxide and an alcoholic iodide the primary and secondary phosphine 
were exclusively produced, although on submitting the iodide to the 
action of an alcoho! only the tertiary phosphine and a quaternary 
phosphonium iodide were formed. The separation of the primary and 
secondary phosphine also proved to be a simple task, the salts of the 
former being easily decomposed by water, whilst those of the latter 
are stable in presence of water but immediately decomposed on 
adding an alkali. Besides the two methyl- and the two ethyl-phos- 
phines, Hofmann describes in this paper the two benzylphosphines 
obtained by means of benzyl chloride. He subsequently described 
the primary and secondary isopropyl, isobutyl and isoamyl phos- 
phines. 

Benzylphosphine, like the two methyl and the two ethyl com- 
pounds, exhibits basic properties, and, like them, is at once oxidised 
ou exposure to air, but dibenzylphosphine does not dissolve in acids, 
and oxygen is without action on it, even at an elevated temperature. 
On oxidation with nitric acid, the methyl- and ethyl-phosphines yield 
phosphinic acids, the primary base giving a dibasic acid, e.g., 
CH;-PO(OH),, and the secondary base a monobasic acid, e.g., 
(C.H;):PO(OH). Dimethyl- and the two ethyl-phosphines unite 
with sulphur and carbon bisulphide, but far less energetically than 
triethylphosphine;* as the compound of dimethylphosphine with 
carbon bisulphide is not crystalline, it is easy to demonstrate the 
absence of trimethy]phosphine among the products of the interaction 
of phosphonium and methyl iodides. 

The higher homologues of ethyl- and diethyl-phosphine closely 
resemble these compounds, but, as is usually the case, become less 
well characterised as the series is ascended. In his later papers on 
the subject, Hofmann describes a number of mixed phosphines and 
phosphonium derivatives, such, for example, as ethylisopropyliso- 
butylpbosphine and the methiodide formed from this; these were 
obtained by methods similar to those used in preparing corresponding 


* The action of sulphur on the primary and secondary phosphines was described 
by Hofmann and Malila in a paper published after his death—the last to appear in 
the Berichte bearing his name (1892, 2436). They give rise to thiophosphinic 
acids, such as PSEt, SH. 
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nitrogen compounds, by subjecting a primary phosphine to the action 
of an alcoholic iodide and repeating the treatment with the secondary 
phosphine so produced. 

Attempts to prepare polyphosphines from phosphonium iodide and 
ethylene bromide and chloroform were unsuccessful, owing to the 
reducing action exerted by the hydrogen iodide, ethylene bromide 
giving rise to ethylphosphine and chloroform to methylphosphine. 

Hofmann, however, foresaw that such compounds would be even- 
tually produced in other ways, and, at the close of his paper, points 
out that a solution of phosphine in ether acts readily on iodoform, 
but he does not appear to have afterwards completed this investiga- 
tion. 

The acids obtained by oxidising the primary and secondary phos- 
phines were shown to be readily converted into corresponding di- and 
mono-chlorides by means of phosphorus pentachloride, the chlorides, 
in the case of the methyl compounds, being well crystallised sub- 
stances, which water at once decomposes.* 


Although in the interval since his researches were published our 
knowledge of the phosphines and allied compounds has been con- 
siderably increased, chiefly owing to the discovery of phenyl deriva- 
tives by Michaelis and his pupils, in the case of this group, as in that 
of the amines and substituted ammonium compounds, we owe all 
that is fundamental to Hofmann—the properties which he has shown 
to be characteristic of the primary, secondary and tertiary ethyl 
derivatives of phosphine being characteristic of all other similarly 
constituted compounds. 

This is true, for example, of the phenyl- and of the phenyldiethyl- 
and phenyldimethyl-phosphine prepared by Michaelis (Annalen, 
1876, 181, 265), and, in many respects, even of the triphenylphos- 
phine discovered by Michaelis and v. Soden (ibid., 229, 295). Al- 
though the latter compound, as was perhaps to be expected, is. 
odourless, and does not combine directly with oxygen or with carbon 
bisulphide, it yet readily combines with sulphur, with alcoholic 
iodides and with chlorine, and its chloride, Ph;PCl,, is converted 
into the corresponding oxide by the action of water. 

In view of these facts, it is noteworthy that triphenylstibine is 
incapable of combining with alcoholic iodides; that its chloride is. 
stable in presence of water; that the hydroxide prepared by the 
action of alcoholic potash on the chloride, which melts at 212°, 
shows no tendency to lose water and form a corresponding oxide ; 


* Attention may be here drawn to the fact that an account of experiments with 
phosphonitrichloride was published by Hofmann in 1884 (Ber., 17, 1909), 
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and that this hydroxide is readily reduced by sulphuretted hydrogen, 
being converted into the stibine, which apparently does not combine 


with sulphur. 
* * * * * 


After the publication of his memoir on the substituted ammonium 
compounds in 1851, until the commencement of his work with 
Cahours on the phosphorus bases in 1855, no important subject 
seems to have engaged Hofmann’s attention, and it was not until 
1858 that he began to turn his attention to the polyammonias, the 
first of his “ Notes of Researches on the Polyammonias ”—of which 
24 in all were published in the Proc. Roy. Soc. (1858 —1863)—bearing 
the date February 4, 185& (Proc., 9,150). Unfortunately, no col- 
lected account of his investigations in this field was ever published. 

It is clear that the fact that the greater number of natural alkaloids 
contain several atoms of nitrogen, led him to study such compounds. 
Having referred to this in the paper in question, he states :— 

“Tt was long my intention to extend my researches to the polyammonium 
bases. But my attention has been specially called to the subject of the 
beautiful results obtained of late, especially in France, by the study of the 
polyacid alcohols, by the experiments of M. Berthelot, and more particularly 
by the classical researches of M. Wurtz, which enable us to take a general 
view of this subject.” 


Having pointed out how a series of bases derived from two mole- 
cules of ammonia, bearing to each other the relations observed in the 
case of the monamines, might arise from the introduction of a dyad 
radicle, he calls attention to experiments made about five years before 
by Cloez on the action of ethylene bromide on ammonia, which 
appeared to show that three bases, viz. “ Formylia,” C,H;N, 
“ Acetylia,” C,H;N, “‘ Propylia,” C.H,;N, were formed. 

Hofmann, however, points out that it appeared probable, judging 
from their physical properties, that these were the diammonium 
compounds of which he was in search, namely, mon.-, di- and tri- 
ethylenediamine, and he quotes evidence proving that the acetylia of 
Cloez in reality had the composition of ethylenediamine. Of course, 
he at once proceeds to generalise, and refers to experiments made 
with the object of preparing triamines. 

The second note (Proc. Roy. Soc., April 15, 1858) briefly describes 
the results obtained with aniline and chloroform, by the interaction 
of which the monacid diamine, [CH(NPh)NPhH], diphenylformyl- 
‘diamine, was obtained. 

The next note relates to a different subject, but in the fourth (May, 
1858) an account is given of the action of ethylene bromide on ani- 
line. The product is spoken of as ethylenephenylamine, (C,H,)NC,H,, 
although the probability that it was diethylenediphenyldiamine is 
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clearly recognised. In a later note (the sixth) this is shown to be 
the case, and an intermediate compound, ethylenediphenyldiamine, is 
described, together with the two corresponding compounds formed 
from ethylamine and ethylene bromide. 

’ Hofmann’s chief reason for assuming that a diamine was formed 
was the observation that the product combined with methyl iodide in 
the proportion CH;I:2C,H,NC,H;. The importance of this argu- 
ment was dwelt on at a later stage in she inquiry (May, 1861) in the 
14th note, in which the diagnosis of diamines is discussed. It is 
there pointed out that the residual hydrogen in each of the linked 
ammonia molecules is invariably affected in the same manner, the 
substitutioh of ethyl being never limited to one equivalent of 
hydrogen. When, however, the ammonia is converted into an ammo- 
nium compound by the action of ethyl iodide, the true nature of the 
substance is revealed; a monamine gives rise to only one compound, 
adiamine to two—tetrethylethylenediamine, for example, yielding both 
a pentethylated hydriodide and a hexethylated diiodide. The value 
of the method in cases in which easily decomposable compounds are 
dealt with is insisted on. 

The seventh note on polyammonias (December, 1859) is in a mea- 
sure controversial,* for in it Hofmann sustains the conclusions he had 
previously arrived at as to the nature of the action between ammonia 
and ethyleve bromide against Cloez, who had rejected the formulx 
he had assigned to the diatomic derivatives of phenylamine and ethyl- 
amine and had continued to assert that the products were.mon- 
amines. After criticising his adversary’s arguments, he passes to his 
facts and shows that the gaseous density of ethylenediamine as 
determined by him was that of a mixture of the anhydrous base and 
water formed by the decomposition of the hydrated base, and conse- 
quently that Cloez had been misled in placing reliance on the number 
he had obtained. He then proceeds to prove that the density of the 
anhydrous base was in accord with the formula he had assigned to it, 
whereby it was represented as a diatomic ammonia.t He shows 
also in this note that the compound named acetenamine by Cloez was 
diethylenediamine. ‘ As on subjecting the two bases to the action of 
ethyl iodide, in the one case the products were two volatile and one 
fixed base, and in the other one of each kind, there could be no 


* In his obituary notice of Griess, who helped him in this inquiry, Hofmann 
observes that—“ Few who now use ethylenediamine and diethylenediamine re- 
member that it required a long controversy with Cloez to secure for these com- 
pounds the recognition of the position in the system of organic chemistry which 
they now occupy.’ 

+ A further account of observations in explanation of the “‘ anomalous” vapour 
density of the hydrated base is to be found in the ninth note, 
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doubt as to the accuracy of the conclusions arrived at—and the 
manner in which he sums up his case, towards the close of the note, 
shows that he is convinced of this— 


* Tn the present state of science we rely upon a certain number of con- 
siderations which guide us in the construction of a chemical formula. These 
are—the study of the origin of a body ; analysis ; observation of the physical 
properties, and, especially of the boiling point; the determination of the 
vapour density ; and lastly, the examination of its metamorphoses. I have 
endeavoured tv look at the question under discussion from these several 
points of view ; experiment has invariably given the same reply.” 


A more concise statement of procedure could not be made. 

The conclusion is pointedly stated in this note that “it follows from 
this controversy that the diatomic alcohols imitate the monatomic in 
their deportment with ammonia;”’ in other words, that a series of 
bases exist related to glycol in the same way that the three ethyl- 
amines are related to ethyl alcohol. 

Meanwhile, the attempt was being made to associate a still larger 
number of ammonia molecules. Thus, in the fifth note (June, 1858), 
we find a description of the action of carbon tetrachloride on 
aniline, which is shown to give rise to the triamine, C,H,,N; = 
C(NPh)(NPhH),, now known as triphenylguanidine. 

In discussing the relations between the monatomic and polyatomic 
bases towards the close of his researches on the phosphorus bases 
(Proc. Roy. Soc., 10, 619), Hofmann fully considers the many ways 
in which diatomic bromides may act on bases to form polyatomic 
bases of a higher order; and the following eminently characteristic 
sentence occurs at the close of the paper— 


“T have but a faint hope that I may be able to trace these new paths in 
the numerous directions which open in a variety at once tempting and 
perplexing. Inexorable experiment follows but slowly the flight of light- 
winged theory. The commencement is nevertheless made, and even now 
the triammonium and tetrammonium compounds begin to unfold themselves 
in unexpected variety. One of the most remarkable compounds belonging to 
the triammonium group is diethylenetriamine . . . This base, the first 
triacid triammonia, forms splendid salts . .. .” 


The description of the base was given about a year later in the 16th 
note on polyammonias, but only in the briefest terms. It is present, 
together with triethylenetriamine, in the portion boiling at 200—220° 
of the mixture of bases obtained on heating ethylene bromide with 
ammonia. They form a great variety of salts, most of which crys- 
tallise with facility ; their separation was chiefly effected in the form 
of chlorides, bromides and iodides, or of platinum salts and gold 
salts. Both are described as powerfully alkaline liquids, soluble in 
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every proportion in water and alcohol, but which do not exhibit the 
tendency to form definite hydrates so pronounced in the diamines.* 

A snbsequent note (the 17th) contains an account of the di- 
and tri-ethylenetriethyltriamines obtained from ethylamine and 
ethylene bromide; these closely resemble the ethylenetriamines, 
exhibiting the same tendency to form diatomic salts. 

A still higher stage is reached in the next note (the 18th), 
which is devoted to tetrammonium compounds, several of which 
formed from ammonia, ethylamine and diethylamine respectively 
and ethylene bromide are described ; the octethylated tetrammoninm 
compounds derived from diethylamine are remarkable for their 
definite characters, being still crystalline.t But it must be confessed 
that, except as affording proof that a series of polyammonias can be 
produced corresponding with the polyethylenic glycols obtained by 
Wurtz, the various substances described offer few points of novelty 
or interest. Indeed, the following words used by Hofmann, in the 
course of the note under consideration— 


“ As a chemical theory expands and becomes more and more consolidated, 
the interest attached to the individual compounds used as scaffolding in 
raising the structure become less and less, diminishing in fact in the inverse 
ratio of the number of compounds which the theory suggests,” 


may not inappropriately be applied to the separate results of his 
inquiry into the polyammonias; and the fact that they were never 
published in a collected form is perhaps ascribable to his having 
recognised that in such a case it was unnecessary to put details on 
record. 

Ethylenediamine was prepared on a large scale by Hofmann in 
1872 with the aid of ethylene chloride formed in the manufacture of 
chloral, and its properties were more fully studied, especially with 
the object of contrasting its behaviour with that of the primary mon- 
amines (Proc. Roy. Soc., 20, 425). 

His attention being thus re-directed to the diamines, he was led also 
at this time to prepare propylenediamine (Ber., 1873, 308). This 
was found to boil only 3° higher than ethylenediamine, and, like the 
latter, to attract moisture with most remarkable avidity. 


* The formation of these hydrates again occupied Hofmann’s attention in 1873. 
In a note on propylenediamine (Ber., 6, 311), after referring to the fact that ethyl- 
enediamine which has been dried by prolonged digestion with caustic potash still 
retains a molecular proportion of water (he had described it in 1860 as forming a 
beautiful crystalline, very stable hydrate—Proc. Roy. Soc., 10, 597), he points out 
that when the propylene compound is similarly treated, two molecular proportions. 
retain only one molecular proportion of water. 

t The production of what appears to be even higher terms, yielding amorphous 
salts, was referred to by Hofmann in 1870 (Ber., 3, 762). 
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- It is clear that the subject continued to interest him, as he pub- 
lished a number of communications, as late as 1890, describing the 
various amines prepared with the aid of ethylene chloride, especially 
diethylenediamine, diethylenetriamine and _ triethylenetetramine ; 
having obtained diethylenediamine—now recognised as a cycloid—in 
the crystalline state, he was led to identify it with the commercial 
product first sold as spermin and afterwards as piperazine (Ber., 1890, 
3297, 3711, 3723). 


Ail the researches on the polyammonias to which reference has 
thus far been made concern ethylene derivatives. That Hofmann, 
however, “had repeatedly endeavoured to produce the diatomic 
bases corresponding to the aromatic amines” we can well believe. 
As he points out in his 19th note (December, 1861), the method 
for producing such compounds appeared obvious, the idea naturally 
presenting itself to look to dinitrobenzene as the source from which 
phenylenediamine might be obtained ; in fact, it seemed very prob- 
able that the nitrophenylamine which Muspratt and he had pre- 
pared was but the first product of reduction, and that prolonged 
treatment would lead to the complete reduction of the dinitro-com- 
pound. All such attempts were unsuccessfal, however. 

Hofmann’s attention, he tells us, was drawn again to the study of 
the aromatic diamines under peculiar circumstances—by his receiving 
a specimen of a crystallised base, obtained as a secondary product in 
the aniline works of M. Ch. Collin, of Paris. This proved to have 
the composition of toluylenediamine, and obviously owed its origin 
to the presence of toluene in the commercial benzene used in pre- 
paring aniline. Finding that dinitrotoluene was easily reduced by 
means of iron and acetic avid— 

“The method of reduction now generally adopted in the manufacture of 
aniline—the behaviour of the dinitro-compounds of the homologues of 
toluene, especially dinitrobenzene, was at once examined—with the result 
that phenylene diamine (meta) was discovered.” 


The closing words of this note, in which Hofmann refers to MM. 
Collin and Coblentz (the chemical director of the works) for the 
materials placed at his disposal, are not only strikingly characteristic 
of his style, but also expressive of an important trath which is not 
always sufficiently recognised— 


“ By facilitating the scientific elaboration of the new diatomic compounds, 
these gentlemen have endeavoured most gracefully to acknowledge the debt 
of gratitude which the aniline industry owes to theoretical inquiries in 
organic chemistry.” 


Equally graceful is the manner in which, on another occasion, he 
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returns his thanks for the beautifully crystallised cyanine placed at 
his disposal by M. Menier— 

“Though proud of her office as guide of industry, science acknowledges 
without blushing that there are territories on which she cannot advance 
without leaning on the strong arm of her powerful companion. Joint labours 
of this kind cannot fail to seal the pledge of alliance between industry and 
science.” 

But little more remaius to be said of his researches on the poly- 
ammonias. Two of the notes refer to the discovery of new bases 
among the secondary products of the manufacture of aniline, viz., 
paraniline, C,,H,N,, and martylamine or xenylamine, since recog- 
nised as paramidodiphenyl. One relates to the discovery of hydrazo- 
benzeue as an intermediate product in the formation of benzidine from 
azobenzene ; and another to the production of (para)phenylenediamine 
from the nitraniline obtained by nitrating acetanilide, this being the 
last of the notes on poly-ammonias. 


But it must not be forgotten that the colouring matters produced 
from aniline were recognised by Hofmann as poly-ammonias, and 
probably the most important of all his notes on such compounds is 
the 20th (Proc. Roy. Soc., Feb., 1862, 12, 2), in which he gives the 
results of his analyses of rosaniline and its salts. The name rosani- 
line was felicitously chosen by him 

“To commemorate the origin of the compound in its name, since it 
appeared to be the prototype of a number of similar substances obtainable 
by similar processes from the homologues, and probably also from the 
analogues, of aniline.” 

Nicholson, who first obtained the base and its salts in the state of 
purity, had termed it roseine. 

Beyond defining rosaniline as a triacid triamine, Hofmann was 
unable to offer any opinion regarding its constitution ; but it is clear 
that he foresaw that such compounds were of a different order from 
those he had previously studied. In fact, a few months later, when 
discussing the nature of cyanine, he remarks that— 

“The theory which (in 1852) satisfactorily represented the constitution 
of the nitrogen bases then examined, requires an expansion to include the 
tinctorial ammonias added to our knowledge during the last decade. The 
time for the enunciation of this amplified theory has not yet arrived.” 


Nor did it fully arrive until many years later—not until 1876— 
when Emil and Otto Fischer began the publication of the remarkable 
series of observations which led them to discover the relation of 
rosaniline and its congeners to the hydrocarbon triphenylmethane— 
a research of the utmost importance in relation to both theory and 
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practice. But in the interval, a very large amount of valuable work 
had been done by Hofmann as well as by others which all con- 
tributed to the solution of the problem. It should especially be 
mentioned, that the study of the behaviour of rosaniline with nitrous 
acid, to which Hofmann first drew attention in 1862, practically 
gave the clue to its composition. 

* * * * * 

The attempt has been made in the course of the foregoing account 
to broadly trace the gradual development of Hofmann’s researches 
on amines and ammonium compounds and the allied phosphorus 
derivatives, the record of which necessarily forms the chief chapter 
in a history of his scientific labours. At the time of his departure 
from England, he had practically completed his studies of this 
class of compounds; indeed, with the notable exception of the 
research on primary and secondary phosphines, almost all of his 
contributions to our knowledge of the chemistry of aminoids— 
including those on colouring matters, of which Dr. Perkin has given 
so interesting an account—were the outcome of work done during a 
period of less than 20 years in the modest quarters and with the 
modest appliances afforded by the Royal College of Chemistry in 
Oxford Street, the exterior of which is shown in the figure opposite. 

The building had a frontage of only 34 ft., its depth being 53 ft. 
The whole of the first floor was occupied by the students’ laboratory, 
the bench at which the seniors worked being in front of the upper row 
of windows seen in the figure. On the ground floor, the space on the 
right of the hall passage was devoted to the Professor’s use as a 
private laboratory, his private room being on the left at the back of 
the building; the room in front was the balance room and library. 
The basement was used for larger and rough operations, and con- 
tained furnaces, a steam boiler, &c. The lecture theatre was built. 
out at the back. The porter kept apparatus for the use of students, 
chemicals, &c., in the cellars under the street pavement. 

But the record of his activity as an English Professor would be 
altogether incomplete, and the extent of his services to chemical 
science would not be sufficiently indicated, if some reference were 
not made to other work emanating from the Oxford Street labora- 
tory. 

Hofmann, as Dr. Perkin reminds us, was practically the discoverer 
of benzene in coal tar. We must go back fully 50 years to find 
the record of the discovery in a modest note in Liebig’s Annalen (Sep- 
tember, 1845, 55, 200), “‘ Ueber eine sichere Reaction auf Benzol ; von 
Dr. Aug. Wilh. Hofmann, Privatdocenten der Chemie an der Univer- 
sitat, Bonn.” 

The reaction described consists in converting the benzene into nitro- 
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benzene, then reducing by means of acid and zinc,* and testing for 
the aniline with bleaching solution. It is shown that a single drop 
suffices for the test, and that in this way it is possible to detect the 
presence of benzene in a variety of products. 

Events, as we know, have proved the discovery to be one of 
enormous practical importance ; the following passage, in which it is 
recorded, is therefore of interest— 

“ Man findet vielfach in Abhandlungen und Lehrbiichern angegeben, dass 
das Steinkohlentheerél Benzol enthalte, allein es ist mir keine Untersuchung 
bekannt geworden welche sich direkt mit dieser Frage beschiiftigt hiitte. 
Von meinen Versuchen iiber die organischen Basen des Steinkohlentheerils 
her, besass ich noch eine Quantitiit der leichten Kohlenwasserstoffe welche 
bei der Rectification des rohen Destillationsproduktes des Steinkohlentheers 
zuerst iibergegangen waren. In diesem Oele muste das Benzol enthalten 
seyn, wenn sich bei der Destillation der Steinkohle iiberhaupt welches bildet. 
Ich unterwarf diese Fliissigkeit zu dem Ende einer neuen Destillation ; sie 
gerieth bei 105° ins Sieden, der Siedepunkt stieg aber fortwihrend noch 
héher. Ich sammelte was bis 118° iiberging und rectificirte das Destillat von 
Neuem ; es begann jetzt schon bei 94° zu sieden und der Siedepunkt stieg 
weit langsamer als zuvor. Was bis zu 105° iiberdestillirte wurde dem Ver- 
such unterworfen ; es liess sich mit Leichtigkeit erkennen, dass diese Fliissig- 
keit eine grosse Quantitat Benzol enthielt.” 

Hofmann was not the man to leave such an observation unex- 
ploited, especially when the necessity of obtaining aniline for his 
researches pressed upon him, and although he did not personally 
undertake the investigation, it was in the Oxford Street laboratory 
that Mansfield, a few years afterwards, carried out his memorable 
‘“‘ Researches on Coal lar” (Chem. Soc. J., 1849, 1, 446), which were 
attended with so tragic an end—researches which, he tells us, were 
commenced at the request of Hofmann and conducted under his 
advice. The investigation appears to have been the first in which the 
separation of a constituent of a mixture of liquids by fractional dis- 
tillation was promoted by using a still head kept at a temperature 
below the boiling point of the less volatile constituents. 

Mansfield not only separated benzene from coal tar, but showed 
how it might be readily prepared on a large scale of any desired 
degree of purity, of course availing himself of Faraday’s previous 


* Hofmann appears to have been the first to use a metal together with an acid 
asa reducing agent, and to recognise the value of “ nascent” hydrogen as a means 
of reducing nitro-compounds. Bechamp’s discovery of the use of ferrous salts as 
reducing agents was not communicated to the French Academy until July 1854, 
and the use of iron and an acid was described soon afterwards by him in the 
Annales de Chimie. Such being the case, it is remarkable that the discovery of 
aromatic diamines was not more easily made by him, and that instead of attempt- 
irg to reduce dinitrobenzene by means of su!phuretted hydrogen only, he did not 
at once try other reducing agents. 
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observations. He at the same time pointed out that it might be pro- 
cured to any extent from coal tar, or from the light naphtha, in which, 

said, it had bitherto been “ wasting its sweetness on the desert 
air ;” and that the promises which it made of utility were sufficiently 
numerous to encourage a belief that it might form a special object of 
manufacture and of commerce. 

But the study of his paper promotes mixed feelings. In the 
introductory portion, in which an account is given of previous inves- 
tigations of products of destructive distillation, after referring to the 
dearth of knowledge of coal tar products, he remarks— 


“It appears somewhat strange that, in this country, where coal tar is so 
exceedingly plentiful, our chemists should have been contented with the 
discovery of naphthalene, and should have allowed others less fortunate than 
ourselves in being able to command abundance of this almost national pro- 
duction, to inform us of the existence at our feet of vast quantities of 
aniline, of paranaphthalene, and of other remarkable substances; and it 
appears, perhaps, no less singular that we should have failed as yet in apply- 
ing them, when discovered, to the practical uses which they will, no doubt, 
some day claim.” 

It is in the highest degree remarkable that an aniline colour 
industry so soon afterwards came into existence and acquired such 
importance here; that an industry of corresponding maguitude was 
in consequence founded on Mansfield’s researches; that an antaracene 
industry subsequently arose; and, lastly, that the azo-colour industry, 
although conceived, we must allow, in the Marburg laboratory, yet 
passed through its whole period of gestation—first in the College of 
Chemistry and then in an English brewery—and sprang into being 
in this country. The record is a glorious one. For a time, at least, 
we were not open to the reproach conveyed in Mansfield’s words, 
especially during Hofmann’s },resence among us. But how different 
is the condition of affairs now. It is fast becoming necessary to go 
back to the dim records of the past for an account of English victories 
in such fields; the men who gained them are all but gone, without 
leaving successors worthy of the name. Hofmann, Griess, Simpson, 
Maule and Nicholson have no modern English equivalents; but the 
type has not merely been preserved but multiplied aud even improved 
abroad. Perkin alone we rejoice to retain among us, and still more 
that he has retired into a higher sphere of usefulness. 

Yet coal tar may still be characterised in Mansfield’s words as a 
national production, aud it is an appalling fact, that after having 
successfully established such industries, we should have allowed them. 
largely to slip through our fingers, in consequence of the failure of 
our industrial chiefs to march with the times. Nor must we forget 
that Hofman himself warned us at the very outset, when—foreseeing,, 
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it would seem, what would be the course of events—he insisted upon 
the importance of cultivating natural science in its bearings upon the 
whole mechanism of society, as the mainspring both of industry and 
national prosperity, and, in Humboldt’s words, pointed out the fate 
in store for those who neglected to fully apply science to manu- 
factures. 

And it is more than strange, not merely “ somewhat strange,” that 
we should have contributed so little, since Mansfield’s time, to the 
knowledge of the chemistry of coal tar, a branch of our subject which 
has been cultivated with the utmost zeal and success elsewhere. 

Manstield clearly established the existence of toluene, as well as of 
benzene, in coal tar; he also separated a fraction boiling at about 
140—145°, which he suggested might prove to contain cumene 
identical with that from cuminic acid; and another fraction, boiling 
at 170—175°, which it was thought might be cymene. It is in no 
way surprising that he should have failed in obtaining more definite 
results. From the experience since gained we know that it is im- 
possible to separate any other single substance besides benzene and 
toluene from coal tar naphtha by mere distillation, owing to the 
presence in it of a variety of isomeric benzenes of nearly the same 
boiling point, as well as of paraffinoids and unsaturated hydrocarbons 
of several series. It was not, in fact, until Fittig and Tollens devised 
synthetic methods of preparing the benzenes, similar to those used 
long before by Frankland and by Wurtz, that their properties became 
sufficiently known to permit of their recognition in the naphtha; and 
another long interval elapsed before the isolation of the separate 
modifications was successfully accomplished by Jacobsen through the 
agency of sulphonic acids. 

Even the relation of toluene to benzene was not established until 
1864, when Fittig and Tollens prepared the hydrocarbon from bromo- 
benzene, methyl iodide and sodium (Liebig’s Annalen, 131, 303) ; 
Fittig and Tollens, in fact, engaged in their research in the expecta- 
tion of obtaining hydrocarbons which might perhaps prove to be 
identical with the homologues of benzene. Kekulé’s laminous expo- 
sition of the nature of benzene—the bright spot around which all 
other discoveries relating to benzenvid compounds, the characteristic 
and essential constituents of coal tar, must ever centre—was not pub- 
lished until 1865. 

We now know that the naphtha contains besides benzene and 
toluene—not to mention thiophene, the very shadow of benzene, as 
Victor Meyer has shown in the course of his classical researches— 
the three dimethylbenzenes and ethylbenzene, of which the last, how- 
ever, has not yet been actually isolated, 1: 2:4- and 1:3: 5-tri- 
methylbenzene, and 1 : 2: 4: 6-tetramethylbenzene. Numerous solid 
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polycycloid hydrocarbons have been separated from higher fractions 
of the tar. Whilst some few of the products in tar are formed by 
the breaking down of benzenoid compounds present in coal, there is 
little doubt that the majority of its constituents are products of syn- 
thetic changes occurring at high temperatures, but our knowledge on 


these subjects is very vague at present. 
* * . * * 


Before passing from the hydrocarbons it should be pointed out 
that we owe a not inconsiderable part of our knowledge of one of the 
homologues of benzene, viz., 1 : 3 : 5-trimethylbenzene or mesitylene, 
to Hofmann, who examined it long before its existence in cval tar 
was recognised ; in fact, this only dates from 1869, when Fittig and 
Wackenroder showed that coal tar cumene was a mixture of the two 
trimethylbenzenes we now know to be the 1:3: 5- and 1:3: 4- 
modifications. Sir R. Kane, who first obtained mesitylene by distil- 
ling acetone with sulphuric acid, had represented it by the formula 
C,H, which at a later date was doubled by chemists on evidence 
afforded by vapour-density determination made by Cahours. Hof- 
mann (Chem. Soc. J., 1849, 2, 104) drew attention to the fact that 
the boiling point of mesitilole (as he terms it—no doubt, in order to 
harmonise its name with that of benzole) was much higher than that 
a hydrocarbon C,.H,, containing the same nnmber of carbon atoms as 
benzene, would be likely to possess, and inferred that the true formula 
was C,,H,, (C,H, in our present notation), from the fact that when 
subjected to the action of moderately concentrated nitric acid the 
hydrocarbon gave a nitro-derivative (dinitromesitylene) convertible 
by reduction into a nitromesidine the formula of which could only be 
deduced from that of a hydrocarbon of the formula C,H». Tri- 
bromomesitylene and mesitylenesulphonic were obtained for the first 
time in the course of this work. 

This communication affords another illustration of the uncertain 
state of belief in which chemists were then plunged regarding vapour 
densities, and serves to emphasise the value of Canizzaro’s services 
in this connection, for, referring to Cahours’s determination of the 
vapour density of the hydrocarbon, Hofmann remarks— 

“Tf this determination be correct, one equivalent of mesitilole would 
represent not less than 6 volumes of vapour, a number which has never been 
observed in any similar case. All the well investigated hydrocarbons have 
given hitherto 4 volumes. It is possible that the specific gravity of the 
mesitole vapour is subject to similar variations as have been observed with 
acetic, butyric, valerianic acids, and several other compounds ; it is possible, 
likewise, that an equivalent of mesitole is actually represented by 6 volumes 
of vapour, and this anomalous condensation may assist in explaining the 
difference between the constitution of this body and cumole, which, like the 
other hydrocarbons, contains only 4 volumes of vapour. Be this, however, 
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as it may, the subject requires further investigation. I have hitherto been 
prevented repeating the determination of the specific gravity from not 
having obtained the hydrocarbon of a perfectly constant boiling point.” 

* . * * - 


Among the services rendered by Hofmavn there is one which 
should be referred to before passing to other subjects, as it has been 
of immense value not only in the laboratory but especially in work- 
ing on the large scale, simple though it be, viz., that recorded in the 
following passage in the paper on the preparation of nitraniline by 
Muspratt and Hofmann communicated to the Society in March 1846 
(Chem. Soc. Memoirs, 3, 119) 


“For our research we had to prepare a large quantity of dinitrobenzol. 
The transformation of nitrobenzol into dinitrobenzol proceeds very slowly, 
even when it is boiled repeatedly with the strongest nitric acid. It is 
obtained, however, very speedily by dropping benzol or nitrobenzol into a 
mixture composed of equal parts of fuming nitric acid, and concentrated 
sulphuric acid, as long as the liquid remains homogeneous.” 


The use of sulphuric acid in nitrating benzene, it is well known, is 
of the first importance as enabling the operation to be effected in an 
economical manner; and in many cases nitration is only possible in its 
presence, owing to the occurrence of oxidation when nitric acid is 
used alone: the manufacture of gun-cotton and of nitroglycerin are 
cases in point. There is good reason to suppose that the sulphuric 
acid has a definite determinative effect on the course of the change, 
and that it does not merely serve to maintain the strength of the nitric 
acid (compare Chem. Soc. Proc., 1891, 89). 

Another important practical step taken by Hofmann consisted in 
using acetanilide for the preparation of derivatives of aniline. For 
an account of this reference must be made to a paper by Mills, then 
one of his students (Proc. Roy. Soc., 1860, 10, 5&9), describing the 
preparation of brom- and chlor-aniline. Hofmann explains, in a 
footnote, how Arppe’s observation that tartronitrophenylamide, when 
hydrolysed, gave a nitraniline (para-) isomeric with that obtained 
from dinitrobenzene had led him to “ nitronate a more easily procur- 
able phenyl compound, viz., acetylphenylamide,” the result being 
that he found it could be used with considerable advantage. On this 
occasion he took the opportunity of pointing out that the dinitromel- 
aniline he had prepared 10 years previously also gave the nitraniline 
isomeric with that from dinitrobenzene when hydrolysed. 

* * * * * 

There is abundant evidence that Hofmann at all times took the 
keenest interest in current problems unconnected with his own special 
researches, displaying great judgment in their discussion. Thus ina 
brief postscript toa payer by Field on the formation of cumonitrile 
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(Liebig’s Annalen, 1847, 65, 56), he refers to experiments on the 
preparation of butyronitrile and valeronitrile which he had been 
induced to make in consequence of the observations of Frankland and 
Kolbe on the intimate connection ef the nitriles with the cyanides of 
the organic radicles, a discovery which we know excited the greatest 
interest at the time. 

A later communication (Chem. Soc. J., 1850, 3,121) entitled a 
“Note upon the Action of Heat upon Valeric acid, with some 
Remarks upon the Formule of the Alcohol Radicles ’* is devoted to 
the discussion of the views of these same chemists on the molecular 
composition of the alcohol radicles, and deals, therefore, with one of 
the most important fundamental questions of chemical theory. The 
hydrocarbons obtained by Frankland from the alcoholic iodides by 
the action of zinc and described under the names methyl, ethyl and 
amyl, were, as all know, at first regarded as the actual radicles; but, 
as Hofmann tells us, Laurent and Gerhardt pointed out in a report 
to the French Academy on Frankland’s work that they might with 
more probability be considered as homologues of marsh gas. He 
very fully discusses the two points of view, aud with great acuteness 
strongly advocates the latter; the concluding paragraph of the paper 
may be quoted as an illustration of the foresight he displayed— 


“ Should experiment, however, prove that the su-called alcohol radicles 
are actually the homologues of marsh gas, as supposed by Messrs. Laurent 
and Gerhardt, these substances, although losing the prestige of radicles in 
the conception of the electrochemical theory, would certainly not present less 
interest. Chemists know the remarkable manner in which the researches of 
Dumas, Regnault, and Melsens have linked the methyl series to marsh gas, 
and the facility with which we pass from marsh gas over to chloride of 
methyl. We have a right to expect that the higher homologues of marsh gas 
will exhibit a similar deportment. If this be actually the case, the action of 
chlorine upon ethyl would place the whole series of the butylic alcohol at our 
disposal ; in fact, we should have discovered a general method of forming 
the homologues of common alcohol, and this series, presenting as yet so 
many gaps, would ere long be as complete as the parallel group of the fatty 
acids.” 

It was in the hope of passing from the nitriles to the alcohols, 
doubtless with the object of completing the series, that Buckton and 
Hofmann were led to subject the nitriles to the action of sulphuric 
acid (Phil. Trans., 1856, 453—480). They anticipated that the 
interaction would resemble that of hydrogen cyanide and sulphuric 


* This follows an account by Captain Reynolds on the preparation of propylene 
by passing amy! alcohol through a red-hot tube. It is of interest, historically, 
that Reynolds speaks of the name propylene as being, “ like the rest of the series, 
derived from the corresponding alcohol, in this case still unknown, and for which 
the appellation of propylic alcohol has been suggested by Dr. Hofmann.”’ 
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acid ; that acetonitrile, for example, would yield carbonic oxide and 
the acid sulphate of methylamine, just as carbonic oxide and tie 
acid sulphate of ammonia are formed from hydrogen cyanide; 
instead, however, of such products, they obtained the sulphonic acid 
of the acid corresponding to the nitrile, and disulphonic acids formed 
by the displacement of the carboxyl group when the action of the 
acid was prolonged. 

These results led Hofmann to instigate experiments on the action 
of sulphuric acid on anisic and salicylic acids ; those with the former 
acid were carried out by Zervas, who obtained sulphanisic and anisol- 
disulphonic acids, whilst Duppa prepared similar derivatives from 
salicylic acid (Chem. Soc. J., 1857, 10, 211; Proc. Roy. Soc., 1857, 8, 
495). 


* * * * * 
But one research on alcohols can be directly connected with 
Hofmann’s name, that on allyl alcohol, which he carried out in 
conjunction with Cahours (Phil. T'rans., 1857, 575—600). Shortly 
before this was commenced, Berthelot and de Luca, by subjecting 
glycerin to the action of phosphorus iodide, had obtained “ iodo- 
propylene,” from which they—and also Zinin—bad prepared a 
sulphocyanate identical with natural oil of mustard; Redtenbacher 
had previously prepared acrolein and acrylic acid, and the relation 
of these compounds to the oils of garlic and mustard had been 
established by the observations of Will and Wertheimer, and of 
Berthelot and de Luca; bromopropylene had been prepared by 
Captain Reynolds in Hofmann’s own laboratory, and he had him- 
self prepared chloropropylene: an almost complete series of deriva- 
tives of the radicle C,H;* was therefore known. But, to quote a 
passage from the joint paper, which clearly bears the impress of 
Hofmann’s style— 


“ There yet remained the keystone to be inserted into this edifice ; in other 
words, there was to be discovered the alcohol to which not only all the pre- 
ceding compounds could be referred, but which might serve in producing a 
long series of substances analogous to the host of compound ethers derived 
from common alcohol.” 


Hofmann and Cahours fully describe the preparation and pro- 
perties of allyl alcohol and of a considerable number of allyl deriva- 
tives, among others the sulphide, which they show to be identical 
with natural garlic oil. 

* . * * * 

Hofmann (in conjunction with Cahours) was not only the discoverer 
of an unsaturated alcohol which was the first of its kind, and to 


* Called allyl for the first time, in their communication, by Hofmann and 
Cahours. 
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which special interest still attaches on account both of its relation 
to glycerol and the very limited number of such alcohols; he also 
discovered sorbic acid, C,H,O,, a crystalline, unsaturated acid of the 
C,H»_3.CO.H series, which bas since been the subject of much inter- 
esting inquiry. This acid was prepared from the volatile oil obtained 
on distilling unripe mountain ash berries with steam (Chem. Soc. J., 
1860, 12, 43); judging from Fittig and Barringer’s observations 
(Liebig’s Annalen, 1872, 161, 307), the oily parasorbic acid which 
Hofmann separated from the crude oil by distillation, and which was 
converted into the crystalline acid by alkalis and acids, was but im- 
pure sorbic acid, and not an isomeride, as was long supposed. 

An observation of interest to which he drew attention in 1850 
(Chem. Soc. J., 3, 181) should be here referred to, viz., that cinnamic 
acid, unlike its inferior homologue, benzoic acid, passes unchanged 
through the animal system. 

* * * * * 

The observation which led Griess to his great discovery of the 
diazo-compounds was made in Kolbe’s laboratory in Marburg, and 
was briefly described in Liebig’s Annalen (106, 123) early in 1858, 
under the title “ Vorlaufige Netiz tiber die Einwirkung von Salpetriger 
Siure auf Amidinitro- und Aminitrophenylsaure.” But the paper in 
which he first drew attention to the fact that he had established a 
new mode of reaction of nitrous acid was communicated to the Royal 
Society on December 9, 1858, by Hofmann, whose assistant he then 
was, the term diazo-derivative being here used for the first term. 
Although, as Hofmann has told us, the Jatter paper was a translation 
of that in the Annalen, it is distinctly more explicit. Hofmann may 
be said to have himself almost missed the discovery of the peculiar 
behaviour of primary benzenoid amines towards nitrous acid, as his 
attention was directed to its action on aniline as early as 1850 (Chem. 
Soc. J., 3, 231). Sterry Hunt had stated in 1849 that nitrous acid 
converted aniline into phenol, but his experiments were only of a 
qualitative character. Hofmann repeated his observations and con- 
tirmed them, but only succeeded in obtaining satisfactory results by 
using aniline hydrochloride and silver nitrite. On subjecting aniline 
mixed with nitric acid to the action of nitric peroxide, in the manner 
originally proposed by Piria—who was the first to submit amido- 
compounds to the action of nitrous acid—he obtained a brown, resinous 
mass, from which, however, he separated the till then unknown 
(ortho)nitrophenol, the properties of which he more fully described 
several years afterwards (ilid., 10, 203). A number of observations 
on the action of nitrous acid on ethylamine and its homolognes are 
recorded in this paper. 

In the course of his researches on the polyammonias (Proc. Rcy. 
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Soc., 1860, 10, 495), Hofmann made use of the “ beautiful mode of 
substituting nitrogen in the place of hydrogen, lately discovered 
by P. Griess,” at the time when he was seeking for benzenoid 
diamines, in studying the compound Gottlieb had prepared by 
partially reducing dinitraniline, then known as nitrazophenylamine, 
but which, in his opinion, was probably a nitrophenylenediamine, 
a view confirmed by the result he obtained. It is noteworthy that 
the product—as Hofmann pointed out—differed in many respects 
from those obtained in a similar way from other nitrogenous sub- 
stances, especially in exhibiting remarkable stability ; this is readily 
understood now that we are acquainted with condensation products 
formed from orthamidodiazo-com pounds. 

In a note on isatin, published in 1861 (Chem. Soc. J., 13, 73), atten- 
tion was drawn by Hofmann to the extreme facility with which this 
substance is converted into nitrosalicylic acid by nitrous acid. 

* * * * ” 

It will be remembered that, in his earliest research, Hofmann made 
an important use of chloranil (tetrachloroquinone) in establishing 
the identity with aniline of the substances described as benzidam, &c. 
In his second paper he tells us that he was induced by— 

“The close relation subsisting between the aniline and phenyl series to 
try whether chloranil could not be obtained from different members of this. 
group of bodies. . . 

Phenol, and a number of other substances, were subjected to the 
action of hydrochloric acid and chlorate of potash. It is noteworthy 
that the production of chloranil from phenol in this manner was 
described in a paper read to our Society on December 2, 1844 
(‘“* Remarks upon Chloranil,’’ Chem. Soc. Memoirs, 2, 226), which was 
the first he communicated to us. Attention may be directed to the 
final paragraph of the paper, as it shows that he had not only recog- 
nised the relation of chloranil to quinone, but had also formed views 
as to the relationship of the latter to aniline— 

* In concluding, I wish to call the attention of chemists to the application 
of chlorate of potash as an oxidising agent, for up to the present time it has 
been but seldom employed in organic chemistry, and yet the study of its. 
action might, in many cases, lead to very remarkable results. I have treated 
kinone, which has lately become so interesting, in a similar manner to what 
has been stated, and found that it was transformed with the greatest facility 
into chloranil. In a future paper this subject will be examined more 
closely, and at the same time I shall throw out some hints concerning the 
relations of kinone to aniline, a base from which it can likewise be pro- 
duced.” 

The promise here made was never fulfilled. It is somewhat remark- 
able, therefore, that almost the last paper Hofmann.published before 
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leaving England was a “ Note on Kinone ” (Proc. Roy. Soc., 1863, 13, 4). 
In this he pointed out that quinone was easily formed on oxidising 
(para)phenylene diamine; and that aniline gave an appreciable 
amount of quinone on oxidation, and benzidine a theoretical yield. 
The action of aniline on quinone and on chloranil was studied by 
him at this time, and the results he obtained in the latter case led 
him to correct Hesse’s previous observations on the subject. 

Baeyer having suggested that quinone might be derived from 
2 mols. of benzene, Hofmann was led to determine its density, and to 
prove for the first time that it was correctly represented by the 
formula C,H,O, (Ber., 1870, 3, 583). ; 

* * * A. * 

Hofmann’s contributions to inorganic chemistry were remarkably 
few. In this connection a note may be referred to “Sur le Bromure 
de Titanium” (Compt. rend., 1856, 42, 352), in which the prepara- 
tion of this substauce by Duppa is recorded. It is one only of a 
number of instances in which Hofmann’s interest in Kopp’s general- 
isations on boiling points is manifest. The note also serves to recall 
the time when the atomic weight of silicon was undecided, and its 
chloride bore the formula SiCl;. 

In describing the use of pentachloride of antimony in the pre- 
paration of chlorine compounds as a carrier of chlorine (Chem. Soc. 
J., 1861, 13, 62), he drew attention to the remarkable action of this 
substance on carbon bisulphide, from which it simply displaces the 
sulphur in the manner represented by the equation CS, + 2SbCl,; = 
CCl, + 2SbCl; + 2S, a small quantity only of sulphur chloride 
being formed by the action of the pentachloride on the separated 
sulphur. 

He by no means neglected analytical chemistry. The method 
used in qualitative analysis of separating cadmium from copper, 
based on the solubility of cadmium sulphide in dilute sulphuric acid, 
was devised by him. The separation of arsenic from antimony also 
engaged his attention (Chem. Soc. J., 1861, 78). A number of com- 
plete analyses of English mineral waters were made under his direc- 
tion, and in conjunction with Graham and Miller, in 1851, he made a 
memorable report to the Secretary of State for the Home Department, 
on the supply of water to the metropolis (Chem. Soc. J., 4, 375). He 
also took part in many other important public inquiries. Of these 
may be mentioned that into the alleged adulteration of pale ale by 
strychnine, in conjunction with Graham, in 1852; the elaborate report 
upon original gravities, in conjunction with Graham and Redwood, 
published in our Journal, in 1853; and that on the subject of lighting 
picture galleries by gas, in conjunction with Faraday, Tyndall, 
Redgrave and Fowke. It was in connection with this last inquiry 
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that he used triethylphosphine in detecting the presence of carbon 
bisulphide in coal-gas. 

A report which he made to De la Rue & Co. in 1858, on vegetable 
parchment, published at the time in the Pharmaceutical Journal 
(18, 273) and in Liebig’s Annalen (112, 243), is historically interest- 
ing, especially as specimens are attached to the paper in the latter 
journal. 

Experiments which he made on the changes which guttapercha 
undergoes under tropical influences, for the purposes of a report on 
this subject to the Director General of Telegraphs in India, are 
briefly described in a note in the Society’s Journal for 1861 (p. 87). 

The use of gaseous fuel in the laboratory naturally engaged his 
attention. The combustion furnace with perforated cylindrical clay 
burners which he ultimately devised is probably the most efficient 
yet constructed, although it suffers under the disadvantage that the 
temperature cannot be quickly varied, as it can be in the more 
modern forms of furnace in which the Bunsen burner is used. 

* . * * * 

To pass to the consideration of Hofmann’s work after he left 
England—full of interest and important as weie many of the investi- 
gations he carried out, in comparison with that of his earlier years it 
may not unfairly be characterised as in a measure discursive; and 
it could not well be otherwise. Another opportunity such as had 
been afforded him at the outset of his career, and of which he had 
availed himself with such extraordinary success, was scarcely likely 
to present itself. Having determined the nature of the amines and 
alkaloids generally ; having discovered the substituted ammoniums; 
in the field in which he had laboured with such perseverance, there 
was little left for him to do, he had so fully established the dominant 
properties of aminoid nitrogen. 

A practically complete account of his English work is to be found 
in the 170 papers indexed under his name in the third volume of the 
Royal Society’s Catalogue of Scientific Papers, published prior to 
1864. In subsequent volumes the number is raised to 319, but these 
carry the record only up to the end of 1883. The volumes of the 
Berichte published after this date contain, however, only about 40 
communications bearing his name. 

Some of his work was based on casual, almost chance, observations ; 
some was the outcome of opportunities such as he was always ready 
to avail himself of without loss of time; but the greater part natur- 
ally consisted in extending and elaborating observations made during 
his earlier work. 

That he entered on his new career at a critical moment is clear 
from his own statements. Nothing shows this better than the pictare 
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he paints in the preface to his Introduction to Modern Chemistry, 
dated March 24, 1865, in the following striking passages-— 


“ No chemist will need to be reminded, that during the last quarter of a 
century the science of chemistry has undergone a profound transformation ; 
attended, during its accomplishment, by struggles so convulsive as to 
represent what, in political parlance, would be appropriately termed a 
Revolution. 

“ Amid continual accessions of fact, so rapid, so voluminous, and so 
heterogeneous, as almost to exceed the grasp of any single mind, chemical 
science has been in travail, so to speak, with new laws and principles of 
co-ordination, engendered, perhaps, partly by the sheer force of their own 
deeply felt necessity, but partly, also, and mainly, due to the powerful 
initiative impulsion of a few philosophical master-minds. 

“ Based on the concurrent examination of the volumetric and ponderal 
combining ratios of certain typical elements, and on the recognition, in their 
standard combinations, of a few well marked structural types, these prin- 
ciples have introduced into the domain of chemistry the pregnant idea of 
Classification—the conception of a series of natural Groups, resembling the 
genera of the biological sciences, and culminating in the establishment of 
an orderly system, where before there had seemed to be but a chaos of 
disconnected facts. 

“Under the influence of these and certain other cognate ideas, new views 
have arisen as to the constitution and chemical properties of matter ; a 
reformed chemical notation has thence of necessity ensued ; and structural 
relations, previously unsuspected, have disclosed identity of parentage in 
compounds till then deemed utterly diverse. 

“It appears to be wisely ordered in scientific as in social affairs, that the 
innovating spirit which belongs to youth has its check and counterpoise in 
the conservative tendency essentially characteristic of age; so that, in the 
sharp collision of these rival force, new principles of any kind find a sort 
of fiery ordeal interposed between their first enunciation and final acceptance ; 
doubtless the appointed test of their soundness and vitality. 

“ Hence the domain of chemical philosophy has, for many years past, rather 
resembled a tumultuous battle-plain than a tield bestowed by nature for 
peaceful cultivation by mankind. The new ideas springing up of necessity 
one by one, and not always free, at their first conception, from errors and 
inconsistencies, have been resisted by the champions of the old chemical 
dogmas, as a gratuitous revolt against established authority. Controversy 
has naturally stimulated research, which, in its turn, has produced rapid 
modifications of theory ; so that the aspect of chemistry has been in a state 
of incessant change. It is, indeed, only within the last few years that the 
new doctrines have acquired a logical consistency, and a consequent ascen- 
dancy throughout Europe, acquiring at length, for our long agitated science, 
a period of comparative calm. 

“The author's lot, both as a student and as a teacher, has been cast amidst 
the storms of this controversial period; in which he has felt it his duty to 
take part on the side of innovation.” 


Again, in the speech which he delivered on taking his place as a 
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member of the Berlin Academy of Sciences in succession to E. Mit- 
scherlich—an event which coincided with his return to Germany—he 
refers to the previons 25 years as a memorable period in the history 
of our science, during which the new discipline—the work of Liebig's 
creative genius—Organic Chemistry had acquired an extraordinary 
importance, so that 


“ Wo gestern kaum der Wald gelichtet war, erhob sich heute schon eine 
prachtvolle Stadt mit grossen Pliitzen und weitauslaufenden Strassen und 
noch viel weiter gehendem Zukunfts-Bauplan.” 


He then briefly recalls the struggles which had been the natural 
outcome of the activity everywhere displayed by chemists in bringing 
new facts to light, facts which could not well be interpreted by means 
of the rudimentary theories inherited from mineral chemistry ; and 
after referring to the importance which the study of volumetric 
relationships had acquired during the previous decade, he describes 
the gradual manner in which he himself became a convert to the 
views of the Gerhardt school. He then tells us what he regarded 
his mission to be at this time— 


“Ob und in wie weit meine Arbeiten zur Entfaltung dieser Schule ihr 
Scharflein beigetragen haben, dariiber erlanbe ich mir kein Urtheil, wohl 
aber bekenne ich gern und frei, dass ich in ihren Lehren die miichtigsten 
Anregungen zu neuer Forschung, die willkommensten Fingerzeige fiir richtige 
Beurtheilung beobachteter Erscheinungen, endlich den einfachsten Ausdruck 
tiir die Darstellung gewonnener Resultate gefunden habe. In der That sind 
die Vortheile dieser Darstellungsweise so gross, die Kraft und Zeitersparniss 
fiir den Lernenden sowohl] als fiir den Lehrer so bedeutend, dass es mir, und 
zwar namentlich auch in meiner neuen Stellung als Akademiker, eine 
Pflicht ist zur allegemeinsten Verbreitung der Anschauungen der modernen 
Chemie in weitestem Umfange nach besten Kriften mitzuwirken. Obwohl 
Fast iiberall anerkannt, sind doch diese Anschauungen noch sehr weit 
davon entfernt zu allgemeiner Geltung und namentlich zur alltaglichen 
Gebrauch in der Schule gekommen zu sein. Hier bliebt noch unendlich viel 
zu thun iibrig. Die Ausbildung des neuen Systems fiir die Zwecke des 
Unterrichts ist eine Aufgabe, die bis jetzt erst sehr liickenhaft gelést ist. In 
den Grenzgebieten, auf denen die Chemie anderer Disciplinen die Hand 
reicht, sind die Wellen der miichtigen Brandung, die sich im engeren Kreise 
unserer Wissenschaft selbst schon wieder zu beruhigen beginnen, nur erst 
gang schwach fiihlbar geworden, in einigen sind diese Wellen noch gar nicht 
angelangt. Auch in diesem Sinne ist daher der Thitigkeit weiter Spielraum 
geblieben.” (Monatsbericht, June, 1865.) 


Such were Hofmann’s views in 1865, but advance was to take 
place more rapidly than he had foreseen, and even he was to be 
left behind to some extent. It is a matter of common knowledge 
how, at this time, the undoubtedly inelastic theory of types became 
merged in a wider generalisation—the modern theory of structure. 

VOL. LXIX. 3B 
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Kekulé’s genius gave birth to the benzene theory, our present 
views on valency crystallised out suddenly from the somewhat 
confused magma in which they had been overlooked, and a re- 
volution was silently, almost immediately, effected—development 
rapidly taking place along lines already well marked out by Frank- 
land and Kolbe, but which for a time had been obscured by the 
attractive simplicity of the theory of types. Hofmann, however, 
seems never to have thoroughly entered with full sympathy into the 
spirit of the new chemistry, and rarely adopted the modern style in 
his writings. 
* * ~ * * 

His researches on colouring matters, which are a very important 
part of his later work, have already been so fully considered by Dr. 
Perkin that it will not be necessary again to refer to them here. 

The first investigation of which an account was published after 
his return to Germany dealt with a class of diamines till then 
almost unknown but which have since acquired considerable import- 
ance, the so-called amidines (Monatsber. Akad., Berlin, 1865, 649; 
Proc. Roy. Soc., 1867, 55). It was the outcome of a chance observa- 
tion. A quantity of acetanilide required for the study of the chloro-, 
bromo- and nitro-derivatives of aniline had been prepared by meaus 
of acety] chloride, and in seeking to recover the unattacked aniline a 
crystalline base was discovered of the formula CH;-C(NPh)NHPh. 
The production of this compound was traced to the presence in 
the acetyl chloride of phosphorus trichloride, and to the action of this 
substance on acetanilide and aniline conjointly. The new base was 
recognised as a homologue of the formyldiphenyldiamine which he 
had prepared many years before from chloroform and aniline ; and on 
substituting formanilide* for acetanilide the formyl-diamine was 
obtained without difficulty. Benzanilide and several other anilides 
were converted into similar compo unds. 

Hofmann did not fail to recognise that the new bases were related 
1o the acediamine which Strecker had obtained from acetamide by 
the action of gaseous hydrogen chloride, and years afterwards, when 
the formation of this compound was called in question by Tawildarow, 
he showed that it could be prepared without difficulty by following 
Strecker’s directions (Ber., 1884, 17, 1954). 

But the paper under consideration specially deserves attention on 
account of the very important foot-note that occurs in it in which the 
systematic nomenclature for hydrocarbons and hydrocarbon radicles 
since so extensively used is suggested. It was here that Hofmann 
first proposed to adopt names indicating the number of carbon atoms 


* The pfoduction of a metallic derivative on adding strong caustic soda lye to a 
solution of formanilide was first called attention to in this paper. 
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in the compound, and to terminate the names of the hydrocarbons of 
the paraffin series in ane, and those of other series in ene, ine, &c. 

In accordance with this system, the bases he prepared from form- 
anilide, acetanilide and benzanilide were termed methenyl, ethenyl 
and benzenyl-diphenyldiamine respectively. 


Many similar cases of the formation of bases by dehydration have 
since been studied, and especially the anhydro-bases formed by the 
withdrawal of the elements of water from benzenoid orthamido- 
derivatives now constitute an important class of compounds; in most 
cases, however, these are not of the same type as those studied by 
Hofmann, inasmuch as the withdrawal of water involves the forma- 
tion of a secondary ring. 

In 1888 (Ber., 21, 2332), Hofmann himself showed that the 
formation of such cycloid anhydro-bases was not confined to 
benzenoid compounds, but that they could be prepared equally well 
from ethylene- and propylene-diamines, and even from trimethylene- 
diamine ; for example, that diacetylethylenediamine was converted 
on distillation into the acetate of the anhydro-base represented by 

CH,:N:C-CH; 
the formula 6H,—-NH 

With the obiect of preparing formanilide for further experiments 
on the methenyl base, as it was difficult to obtain formic acid in 
quantity at that time, Hofmann resorted to the old method of distil- 
ling the oxalate of the amine, and in establishing the conditions 
which gave rise to the best yield he was led to take note of the 
various bye-products. On boiling the crude distillate with muriatic 
acid, a considerable quantity of benzonitrile was found to distil over ; 
as this was evidently derived from the formanilide, it appeared 
probable that the method might be made use of for the preparation 
of the nitriles of other acids which were either procurable with 
difficulty or unknown. Succeeding with toluidine, he at once passed 
to naphthylamine, and obtained for the first time the nitrile of 
naphthoic acid. 

Naphthyl cyanide, the corresponding amide, the thioamide, the 
amine formed by reducing this last, and the acid and a number of 
other derivatives were fully described in two subsequent papers 
(cbid., 16, 300, 445). It should be mentioned that it is shown in 
the last of these that the thioamide is very much more easily reduced 
than is the nitrile. 

It may be added that this work was carried out by an English 
assistant, our distinguished Fellow, Mr. C. O’Sullivan, who had 


accompanied him to Germany. 
* * * * * 
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Hofmann’s activity at this period was extraordinary: at the end 
of the summer of 1867 he communicated to the Berlin Academy two 
discoveries of fandamental importance—that of a method of prepar- 
ing the isonitriles homologous with hydrogen cyanide, and that of 
formic or methaldehyde ; accounts of the discoveries were also for- 
warded to the Royal Society, reaching it during the recess. Their 
history is best related in his own words— 


“The aldehyde of the methyl series is not known ; all the chemical 
manuals say so, and for the last 20 years my students have been duly 
informed thereof. It will scarcely appear strange that more efforts to 
become acquainted with that body should not have been made, since the 
masterly picture which Liebig has delineated of the aldehyde par excellence 
embraced as it were the history of the whole class, and of course also of the 
aldehyde in question. Nevertheless, methylic alcohol deserves our attention 
for more than one reason. As one of the simplest terms of the monocarbon 
series, occupying a position intermediate between marsh gas and carbonic 
acid, as a link of transition connecting methylic alcohol and formic acid, as 
either aldehyde or acetone, according to the point of view from which we 
look upon it, the compound CH,0O illustrates a greater variety of relations 
than any one of the higher aldehydes. But in addition to the interest with 
which the methyl compound has thus always been invested, this substance 
possesses special claims upon our attention at the present moment. Our 
actual method of treating organic chemistry for the purposes of instruction 
almost involves the necessity of starting from the methyl series. The 
simplest of aldehydes thus acquires quite an especial importance, and all 
those who, like the author of this note, are engaged in teaching, cannot fail 
to have sadly missed a compound which is the carrier of such varied and 
interesting considerations. 

“ The desire which I have frequently felt in my lectures of developing the 
idea of the genus aldehyde, when speaking of the methyl compounds, has 
more than once induced me to attempt the preparation of methyl aldehyde, 
but it was only at the conclusion of my last summer course that I succeeded, 
to a certain extent at all events, in attaining the object of my wishes. 

“ A substance possessing the composition and the properties of methylic 
aldehyde is formed with surprising facility if a current of atmospheric air 
charged with the vapour of methylic alcohol be directed upon an incan- 
descent platinum spiral (Proc. Roy. Soc., September, 1867, 16, 156).” 


This passage is eminently characteristic of Hofmann’s picturesque 
and comprehensive style, overflowing always with the sense of the 
importance of the subject which he is considering, whatever its 
nature. 

Proof that methylic aldehyde was produced in the manner des- 
cribed* was obtained, not by the actual isolation of the substance, 


* The amount produced, as Hofmann subsequently showed (Ber., 1878, 11, 1685), 
by using a mere spiral of platinum wire, is very small—not exceeding 1 per cent. 
By substituting a bundle of platinum wires enclosed in a platinum tube, the 
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but by the preparation from the crude liquid product by the action of 
sulphuretted hydrogen of a crystalline compound giving numbers on 
analysis corresponding with the formula CH,S. 

In two later notices(Ber.,1869,2, 152; 1870,3,584) Hofmann showed 
that this thio-compound was identical with the substance previously 
prepared by Girard by the action of nascent hydrogen on carbon 
bisulphide, and by Husemann from methylene iodide and potassium 
sulphide. He also discovered that although the aldehyde is gaseous, 
it very readily undergoes conversion into a solid polymeride identical 
with the dioxymethylene previously obtained by Butlerow from 
methylene iodide; this substance is depolymerised when heated, the 
gas obtained from it being the aldehyde, but on cooling the gas, it 
soon returns to the solid state. The solid thio-aldehyde, however, 
volatilises unchanged, its vapour density agreeing with the formula 
C;H,.8;, corresponding to that of the thio-aldehyde prepared from 
ordinary aldehyde. 

Butlerow had converted the ‘‘ dioxymethylene ” he prepared intoa 
sugar-like substance, and when Baeyer, soon after Hofmann’s dis- 
covery of the aldehyde, specially called attention to the probability 
that formic aldehyde was an initial product of assimilation in plants, 
it became an object of the greatest interest to chemists. But it wes 
not until several years afterwards that Loew, having much improved 
the method of preparing the aldehyde, corroborated and extended 
Butlerow’s observation, and established the fact that a substance of 
the composition of glucose was formed by the condensation of the 
aldehyde under the influence of alkalis. All know how Emil Fischer, 
in the course of his marvellous researches on the carbohydrates, 
eventually proved that the synthetic product consisted of equal pro- 
portions of ordinary glucose and its isomeride of equal opposite 
rotatory power. 

* * * * + 

Although the discovery of the isonitriles was in a sense accidental, 
it well illustrates Hofmann’s highly developed acumen and readiness 
to seize any opportunity. In describing it (Proc. Roy. Soc., 1867, 16, 
144) he says—- 

“Tn a lecture, I wanted to exhibit the interesting transformation of ammo- 
nia into prussic acid by means of chloroform, which was first observed by 
M. Cloez, and which illustrates so well our present views on quantivalence, 
When the two substances alone are allowed to act upon one another, this 


amount was raised to 5 per cent. ; and by distilling off methylic alcohol, and freez- 
ing out water from the residue, it was increased to 10 per cent. The method was 
subsequently so much improved by Loew and by Tollens, that it became possible to 
prepare solutions containing 30—40 per cent. of the aldehyde (Ber., 1886, 19, 2133), 


708 ARMSTRONG: HOFMANN MEMORIAL LECTURE. 


reaction can be rapid!y accomplished only at a high temperature, and conse- 
quently under pressure. In order to shorten the process (in one word, in 
order to exhibit this important reaction in a lecture experiment), I had 
added potash to the mixture for the purpose of fixing the newly formed 
prussic acid, and was delighted to find that a few seconds ebullition was 
sufficient to yield a considerable amount of cyanide of potassium, so as to 
furnish, after the addition of the two salts of iron, a large quantity of Prus- 
sian blue. On subsequently repeating the experiment with some of the 
dlerivatives of ammonia, more especially with several primary monamines, F 
was astonished to observe in each case a powerful reaction, giving rise to the 
evolution of vapours of an almost overwhelming odour, strongly recalling 
that of prussic acid. But few experiments were necessary for the purpose of 
isolating the odoriferous body. The compounds thus formed are the sub- 
stances isomeric with the hydrocyanic ethers or nitriles hitherto examined.” 


We read further 


“The facility of procuring the necessary material, as well as old predi- 
lections, suggested the phenyl series as the one to be examined in the first 
place.” 


Less than a fortnight after the account of the cyanide of phenyl 
was sent to the Royal Society, he forwarded a second communication 
in which he states 


* ] have followed up the study of these new bodies, which have become 
more and more attractive to me in proportion as I investigated their 
nature.” 


Only Hofmann could write in this way of substances having such 
intolerably nauseating properties, ‘‘ the penetrating odour of which,” 
to use his own words with reference to the ethyl compound, “sur- 
passes anything that it is possible to conceive.” 

The investigation came at the close of the session, and was carried 
on during the summer, at the end of August; and even those who 
never knew the man and his insatiable appetite for results, can picture 
to themselves what must have been his anxiety to learn more of such 
remarkable substances when they read, with reference to the ethy} 
compound— 

“ As the substance is rather volatile, the frequently repeated fractional 
distillations became a most painful operation, and more than once, while I 
have been engaged in these experiments, my laboratory has been almost 
inaccessible. Thus with a temperature of 20° I have found it desirable to 
interrupt, for the time, the preparation in the pure state of the cyanide of 
ethyl, and to resume it at a more favourable season !” 


But he was not to be baulked of his prey, for he continues— 


“T was, nevertheless, curious to study, even now, a true homologue of 
cyanide of ethyl in order to compare its properties with those of cyanide of 
phenyl. The boiling points of the amylic compounds being within con- 
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venient limits, I was induced to select the amyl series as presenting the 
greatest chance of success.” 

A week later (September 7th) yet a third note on the same subject 
came tothe Royal Society. In this Hofmann drew attention to the 
fact that the isocyanides are formed along with the nitriles on dis- 
tilling the sulphovinates with potassium cyanide—hence the intoler- 
able odour of the crude product, so different from the agreeable odour 
of the nitriles ; he also pointed out that E. Meyer, many years before, 
had allowed the ethyl compound to pass through his hands unrecog- 
nised, as by heating silver cyanide with ethyl iodide and distilling 
the product he had obtained a liquid having an overwhelming 
odour, and yielding ethylamine on hydrolysis. 

Meyer had observed that the cyanide formed a compound with the 
silver cyanide. This Hofmann verified in the case of the amyl iso- 
nitrile ; he only succeeded in separating the amyl cyanide by subject- 
ing the double cyanide to dry distillation. Speaking of the silver 
cyanide process, he remarks— 

“In the latter process, many secondary products are obtained, but by a 
more complete study, perhaps, it may be modified so as to diminish their 
quantity.” 

Hofmann was unaware at this time that he had been anticipated in 
the discovery of the isocyanides by Gautier, as only a brief reference 
to this chemist’s results had been published. By distilling the double 
cyanide produced by the interaction of the alcoholic iodide and silver 
cyanide with potassium cyanide, Gautier obtained an almost theo- 
retical yield of the methyl and ethyl compounds; thus effecting the 
modification of the method which Hofmann had spoken of as neces- 
sary to diminish the amount of secondary products. 

An interesting compound—half nitrile and half isonitrile—was 
prepared by him from amidobenzonitrile in 1868 (Ber., 1, 194).* 

In a brief note published in 1870 (Ber., 3, 766), he pointed out that 
the compounds formed by the union of triethylphosphine with mustard 
oils were resolved into the isocyanide and triethylphosphine sulphide 
when heated under pressure. 

Although little was published by him during the next 10 years 
having reference to this class of compounds, they continued to 
occupy his attention; but, as he tells us at the outset of a com- 
munication on te action of sulphuretted hydrogen on the isonitriles 
(Ber., 1877, 12, 1095), he had always been obliged, whenever he again 
engaged in such work, to soon desist, as he could not ask those 
who assisted him to endure for long their almost unbearable odours. 

* In the paper in which this is described attention is drawn to the remarkable 


manner in which nitrobenzonitrile is reconverted into benzonitrile by the action of 
reducing agents. 
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He speaks also of the “ wahrhaft opfermuthigen Beistand” afforded 
him in the course of the experiments. 

The object in view in subjecting the isonitriles to the action of 
sulphuretted hydrogen was to obtain thioamides from which thio- 
acids might be prepared, especially thioformie acid. Phenyl iso- 
cyanide was found to be gradually acted on and converted into 
thioformanilide; experiments to substitute for the pure cyanide the 
crude product obtained on mixing chloroform, aniline and alcoholic 
potash were but partially successful, much methenyldiphenylamidine 
being also formed. 

As thioformanilide dissolves in a cold dilute solution of an alkali 
without undergoing change, Hofmann represented it by the formula 
NHPh:C(SH). 

On the appearance of this paper, Bernthsen pointed out that amides 
might be prepared by heating amidines with sulphuretted hydrogen. 
Hofmann, in consequence, extended his observations, and showed that 
acid amides were converted into corresponding thioamides by distilla- 
tion with phosphorus pentasulphide (Ber., 1878, 11, 338). 

As new amines came into his hands, he could rarely resist the 
temptation of fully exploiting their powers of affording new com- 
pounds—the mere production of which appears at all times to have 
given him infinite pleasure—and of preparing the corresponding iso- 
nitrile among others. Thus, in 1884 (Ber., 17, 1914), he prepared the 
isonitrile from the tetrametbylaniline, and in the next year (Ber., 18, 
1821), that from the pentamethylaniline which he obtained in the 
course of the investigation of the products formed on heating aniline 
hydrochloride with methyl alcohol. Both are described as crystalline 
solids: the former as possessing the frightful odour characteristic of 
the phenyl compound in a but slightly diminished degree ; the odour 
of the latter—on account of its slight volatility (m. p. 168°)—as far 
from being so overpowering as that of the lower homologues. Both 
undergo change with extreme readiness when heated—the former on 
distillation, the latter when heated slightly above its melting point— 
yielding the isomeric nitriles; these latter, on the other hand, are 
compounds of most remarkable stability which cannot be converted 
into acids by any of the methods ordinarily adopted in hydrolysing 
nitriles. 

. - * * * 

Phenylic (iso)cyanate, Ph-N:CO, it will be remembered, was dis- 
covered by Hofmann in 1849 among the products of the complex action 
taking place on distilling melanoximide (oxalyldiphenylguanidine). 
In the third of his notes of researches on the poly-ammonias, commn- 
nicated to the Royal Society in May 1858 (Proc. Roy. Soc., 9, 274), a 
more rational method of preparing this and the until then unknown, 


‘ 
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analogous thio-compound was described, which consisted in subject- 
ing carbanilide and sulphocarbanilide to the action of agents such as 
phosphoric anhydride capable of fixing aniline. The method was 
soon afterwards applied in the naphthyl! series, at his suggestion, by 
Vincent Hall (cbid., 1858, 9, 365). 

Ten years later, Hofmann’s first communication to the Berlin 
Society (Ber., 1868, 25) was the forerunner of a series (Ber., 1868, 
169, 201; 1869, 116, 452) in which improved methods of preparing 
the thiocyanates analogous with mustard oil were described as well 
as a number of interesting derivatives formed from them. 

In the course of these communications he showed that the method 
by which he had first prepared the phenyl analogue of mustard oil, 
PhN°CS, was of general application—that is to say, that the mustard 
oils could be obtained by combining a primary monamine, NH,R, 
with carbon bisulphide ; then expelling sulphuretted hydrogen from 
the thiocarbamate, NHR-CS:‘SNH;R, by heatiug its solution, so con- 
verting it into the thiourea, NHR-CS-NHR;; and finally distilling this 
urea with phosphoric anhydride. 

An even simpler method consisted in boiling the solution of the 
thiocarbamate formed from carbon bisulphide and the monamine 
with an equivalent proportion (not an excess) of a metallic salt such 
as silver nitrate or mercuric chloride, the latter being that best suited 
for practical use— 


EtHN-CS:‘SNH;Et + AgNO, = NEt-CS + NH,Et:NO, + AgSH. 


Secondary as well as primary fatty amines, but not tertiary, may thus 
be converted into mustard oils, a mercaptide being formed in place 
of the sulfhydrate when the thiocarbamate of the secondary amine is 
<lecom posed. In the case of benzenoid thiocarbamates, change at 
once takes place spontaneously into sulphuretted hydrogen, mustard 
oil and amine, and the latter then interact, forming a thiourea which 
is but slowly acted on by the metallic salt: hence the method is not 
applicable to the preparation of benzenoid mustard oils. 

Yet another method by which mustard oils could be prepared, dis- 
closed by this investigation, consisted in adding an alcoholic solution 
of iodine to the alcoholic solution of the thiocarbamate, e.q., 


EtHN-CS‘SNH,Et + I, = N-Et-CS-NH,EtI + HI + 8S. 


Three of the four isomeric butyl mustard oils, crotonyl mustard 
oil and angelyl mustard oil were subsequently prepared by him, the 
two latter from bromobutylene and bromamylene respectively (Ber., 
1874, 508, 514; 1879, 990). 

The mustard oils were shown by Hofmann to be all readily acted 
on by water, by alcohols and by mercaptans, the two last forming 


a 
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hemithio- and thio-urethanes—ethereal salts of thiocarbamic acids— 
respectively. 
* * * ¥* a 

Full use was soon made of the new method of preparing mustard 
oils. Experiments on the action of chlorine on phenyl mustard oil, 
carried out in his laboratory by Sell and Zierold (Ber., 1874, 1228), 
had led to the discovery of an isocyanophenylic chloride, C,H;;NCCI.. 
It was probable that this would be more readily prepared by the 
action of phosphorus pentachloride. Hofmann found (Ber., 1879, 
1126) that although it could be produced in such a manner, what 
appeared from its composition to be a simple chloro-derivative was 
also formed ; but this had none of the properties of a mustard oil, and 
readily exchanged its chlorine for OH, NH, &c.; moreover, it was 
not identical with any one of the mustard oils obtained from the 
three chloranilines. 

A variety of derivatives were prepared from this compound ; on 
reduction it afforded a substance isomeric with both phenyl mustard 
oil and pheny! thiocyanate (Ber., 1880, 8). 

The behaviour of phenyl mustard oil with other chlorides was 
then studied: on heating it with benzoyl chloride a very small 
amount of what appeared to be a phenylated mustard oil was ob- 
tained. Inthe course of experiments made with the object of prepar- 
ing this substance in larger quantity, benzanilide was heated with 
sulphur. The product proved to be identical with that prepared 
from the mustard oil and benzoylchloride, and was soon recognised as 
a member of a class of orthamido-derivatives of which a number had 


been obtained at about that time, viz., as CH.<SSCPh, correspond- 


ing to the compound prepared by Ladenburg from orthamidophenol 
and benzoyl chloride, than which, however, it was much more stable. 
On fusion with alkali it was resolved into amidophenylmercaptan and 
benzoate, and was reproduced from the former by the action of 
benzoylchloride (Ber., 1879, 2359). 

The amidophenylmercaptan produced in this manner was shown to 
be the ortho-compound by preparing it from orthonitrobenzenesulph- 
onic acid. 

The compound originally obtained was thus shown to have the 


constitution represented by the formula CH<S SCC. The corre- 


sponding base was easily prepared from amidophenylmercaptan and 
formic acid, and a number of homologous compounds from the mer- 
captan and the acid chlorides (Ber., 1880, 8). 

Hofmann subsequently made experiments with the object of ascer- 
taining whether the method used in preparing the phenylated com- 
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pound could be applied to other amides (Ber., 1880, 1223). On heating 
formanilide with sulphur, a very small amount of the methenyl base 
was obtained. 

Acetanilide, however, was found to behave in an altogether 
peculiar manner, giving rise to the “ oxalyl” compound represented 


by the formula C.Hi< 8 >C—C<A > CE. 


Although no satisfactory explanation of the nature of the change 
could be discovered, this formula was placed beyond question by the 
production of the compound ina great variety of ways ; e.g. (1) by the 
action of zinc on the chlorinated metheny] base, (2) by the interaction 
of the methenyl base and its chlorinated derivative, and (3) by the 
action either of oxalic acid (in presence of phosphorus trichloride), 
or of oxalic ether, or of cyanogen on amidophenylmercaptan. More- 
over, it was shown that the compound was converted by hydrolysis 
into oxalic acid and amidophenylmercaptan. 

The same substance was obtained on using propionanilide, but a 
homologous compound was formed from succinamide. 

A great number of experiments were made by him, both at this time 
and several years afterwards (Ber., 1887, 1788, 1798, 2251), in which 
amidophenylmercaptan was subjected to the action of a variety of 
substances—acids, aldehydes, &c. In almost every case derivatives 


of the compound CH<ESCH were obtained. He also extended 


his observations to the corresponding naphthyl compound. 

Many of the substances he prepared are of considerable interest. 
Thus, by the action of cyanogen, keeping the latter in excess, a 
compound convertible by the action of the mercaptan into the re- 
markable oxalyl derivative above referred to was obtained which he 


represented by the formula CH<pSc0—C Sas on hydrolysis, 


this gave ammonia and the acid CH<YS>C-COOH. Hofmann 


drew attention to the compound prepared by Bladin by the inter- 
action of orthophenylenediamine and cyanogen as being probably 
analogously constituted. 

In the last paper of this series, the preparation of amidophenyl- 
mercaptan was fully discussed, and attention drawn to its marked 
unpleasant physiological action on the skin. 

Hofmann did not fail to notice that the bases he had prepared from 
the mercaptan bore a relation to quinoline similar to that which thie- 
phen bears to benzene, and he was not content to merely remark this, 
but proved that by subjecting them to a treatment similar to that 
adopted in preparing cyanine from quinoline, cyanine-like substances 


714 ARMSTRONG: HOFMANN MEMORIAL LECTURE. 


were produced (Ber., 1887, 20, 2262). Cyanine, it is to be remembered, 
was at this time recognised as the product of the interaction of the 
amylammonium iodides of homologous quinolines; Hofmann con- 
verted both the methenyl and ethenyl thio-base into amyl iodides, and 
showed that neither of these gave rise to colouring matter when 
heated alone with alkali, but that a mixture of the two readily afforded 
a cyanine-like substance corresponding to cyanine in composition. 
As in the quinoline series, the meth- and eth-iodides gave rise to similar 
products. Moreover, corresponding naphthyl compounds were pre- 
pared ; and he showed that not only was it possible to “cross” the 
naphthyl with the phenyl compounds, but also to cross these with the 
quinoline compound, but, strange to say, the bases obtained from 
amidophenol—although strictly analogous to those prepared from the 
mercaptan—could not be converted into colouring matters, nor could 
cyanines be formed with the aid of the methiodides of dimethylani- 
line, dimethylparatoluidine, pyridine or collidine. 

Hofmann’s intense desire always to carry the argument from 
analogy as far as it could possibly be pressed, and to garner up every 
result within reach, is nowhere more strikingly manifest than in the 
page or two in which these results are described. 

Reference may be here made to another investigation in which 
compounds of the same fype as those derived from amidophenyl- 
mercaptan were obtained by him, viz., to that on the action of iodine 
on thiobenzamide. As far back as 1869 he had pointed out that the 
interaction takes place in accordance with the equation 

2C,HyCSNH, + 21, = CyHyN.S + S + 4H1. 
But the nature of the product was not ascertained until 1892, when a 
paper by Hofmann and Gabriel was communicated to the German 
Chemical Society at the meeting at which the death of the former was 
announced (Ber., 25, 1578). ‘The compound was shown to be repre- 
N'S 
°<y:6-C.8 


* * * * * 


sented by the formula C,H; 


We now pass to one of the most interesting of his later investiga- 
tions. 

Having found a difficulty in preparing phenyl (iso)cyanate in any 
quantity by distilling diphenylcarbamide with phosphoric anhydride, 
on noticing that hemithiophenylurethane was resolved into pheny] 
mustard oil and alcohol by distilling it alone or with phosphoric an- 
hydride, he was led to attempt the preparation of pheny] (iso)cyanate 
by a similar process from phenylurethane, a substance easily pro- 
duced by acting on aniline with ethylic chlorucarbonate (Proc. oy. 
Soc., 1870, 19, 108). Admirable results were obtained, and vhe 
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tolyl, xylyl and naphthylyl compounds were equally readily pre- 
pared by the method. With reference to these, it is noteworthy that 
he points out that not only has the xylyl compound a feeble odour, 
attacking the eyes but slightly, but that it is a remarkably inert 
substance as compared with the analogous cyanates, including even 
the naphthyl compound. 

Hofmann was never the man to sacrifice an opportunity. Being 
now in the possession of a method enabling him to prepare phenyl (iso) - 
cyanate, he is reminded of an interesting old observation that when 
brought into contact with triethylphosphine it was converted into a 
crystalline solid, supposed at the time to be the corresponding cyan- 
urate. On re-investigating this substance, he found, however, that it was 
capable of uniting with alcohol in the proportion of C,H,O :2NPh-CO, 
forming a substituted allophanic ether, and therefore inferred that it 
was a dicyanic derivative (Ber., 1871, 4, 246). 

Finding that substituted binrets were produced by the action of 
amines on the dicyanate, these observations were soon followed by 
others on biuret and allied compounds (ibid., 262). 

The subject did not again occupy his attention until 1885. He 
then described experiments showing that no other agent besides 
triethylphosphine was capable of converting phenyl (iso)cyanate 
into the dimolecular form before referred to; on heating it with 
potassium acetate, he obtained the (iso)cyanurate which he had pre- 
viously prepared from triphenylmelamine (Ber., 1885, 18, 764). 

It will be remembered that he had originally obtained melaniline 
from aniline and cyanogen chloride and carbotriphenyltriamine from 
aniline and carbon tetrachloride; in the fifteenth of his Notes of 
Researches on the Polyammonias (Proc. Roy. Soc., 11, 281), describing 
the production of a triethylcarbotriamine from ethylic cyanurate, he 
refers to the simple relation which these compounds bear to the 
guanidine then lately obtained by Strecker. His interest being thus 
awakened in guanidine, he endeavoured unsuccessfully to prepare it 
from carbon tetrachloride and ammonia, but succeeded, however, when 
nitrotrichloromethane (chloropicrin) was substituted for the tetra- 
chloride (Chem. Soc. J., 1866, 19, 249; Ber., 1868, 145). 

The study of the action of iodine on diphenylsulphocarbamide, as 
a means of withdrawing sulphur, subsequently led him to devise a 
method of general application for the preparation of guanidine 
derivatives, consisting in the withdrawal of sulphur from a thiourea 
in presence of an amine (Ber., 1869, 452, 455, 600, 687; 1874, 947). 

Mention may also be here made of experiments which he instituted 
on the action of cyanogen on triphenylguanidine with the object of 
elucidating the formation of a peculiar red bye-product of the action 
of cyanogen on aniline (Ber., 1870, 764). 
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In the course of the experiments with thioureas last referred to, 
observations were made which were followed up with important 
consequences. On desulphurising ethylthiourea by means of lead or 
mercuric oxide, a crystalline base was obtained which it was at 
once perceived might be regarded as a triethyl-derivative of mela- 
mine, i.e., ‘‘cyanuramide’’; but it was soon obvious that the primary 
product of change was a cyanamide, and that the melamine was 
formed from this by polymerisation. Hofmann showed that this was 
the case by producing the compound both from the ethyleyanamide 
prepared from ethylamine and cyanogen chloride—following the 
directions originally given by Cahours and Cloez—and from the urea. 

Triphenylmelamine was prepared, in like manner, from pheny]thio- 
urea and from phenylcyanamide (Ber., 1870, 3, 264). It was shown 
that on hydrolysis these bases exchange amidogen for hydroxy], ulti- 
mately yielding cyanuric ethers. 

A tetrapheny]melamine having somewhat peculiar properties (Ber., 
1874, 7, 1736), which he subsequently described, is perhaps appro- 
priately referred to here. 


The ethers isomeric with the (iso)cyanic ethers studied by Wurtz 
had, up to this time, received but slight attention, the ethyl com. 
pound alone, prepared from cyanogen chloride and sodium ethylate, 
having been described by Cioez under the name of cyanetholine. As 
such ethers were to be regarded as analogous in composition to 
cyanamide, Hofmann and Olshausen were led to think that, like this 
latter, they would readily polymerise and yield compounds isomeric 
with the cyanuric ethers. Operating in the methyl series. although 
they were unable to prepare the cyanate, they obtained a crystalline 
product yielding cyanuric acid and methyl alcohol on hydrolysis ; on 
distillation, this was converted into the well known (iso)cyanurate— 


(CN); _ (CO); 
(CEL, - (oH, pe 


A corresponding phenyl compound was prepared from sodium 
phenate and gaseous cyanogen chloride.* On repeating Cloez’s 
experiments, however, they did not succeed in preparing either the 
true cyanate or the cyanurate, but obtained instead two compounds 
intermediate between the latter and melamine, viz., 


NH, 
(CN) { Oo). ™ CR){ Son? 


(Proc. Roy. Soc., 1870, 493). The blank was filled up, however, and 


* The use of solid cyanogen chloride was subsequently recommended (Ber. 
1885, 765). 
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the subject much more fully investigated several years afterwards 
by Hofmann (Ber., 1886, 19, 2061). 

Meanwhile, however, his attention had been directed to the corre- 
sponding sulphur compounds, and he had found that methylthio- 
cyanate (prepared by distilling a mixture of potassium thiocyanate 
and potassium methyl sulphate) could be converted into a crystalline 
polymeride giving cyanuric acid aud methyl mercaptan on hydro- 
lysis (Ber., 1880, 13, 1349). 

A remarkable series of further communications on this subject 
was published in 1885. In the first of these it is pointed out (Ber., 
2196) that highly purified methyl thiocyanate does not polymerise 
when heated, although it is partly changed into mustard oil; on 
adding a few drops of muriatic or sulphuric acid, however, change 
readily sets in. By heating the methyl thiocyanurate with sodium 
sulphide, he obtained thiocyanuric acid, which he also prepared from 
cyanuric chloride and a metallic sulphide. 

By heating methyl thiocyanurate with ammonia, he obtained both 
the intermediate amidothioethers and also melamine ; corresponding 
compounds were prepared with the aid of methylamine, ethylamine, 
dimethylamine and diethylamine. The action of various amines on 
cyanuric chloride was also studied very fully on this occasion (Ber., 
1885, 18, 2755). A considerable number of substituted normal mela- 
mines were prepared in the course of these experiments, and naturally 
Hofmann was led to discuss the constitution of melamine and also of 
the various substituted melamines which he had previously prepared 
(Ber., 1885, 18, 2786). 

Of the two possible formule, 


C-NH, C:NH 
AS AN 
H,N-C C-NH, HN:C C:NH 
\F 9 
NH 


he had no hesitation in attributing the former to melamine itself and 
the melamine derivatives prepared from cyanuric chloride and the 
thiocyanuric ethers, the fact that the hexamethylmelamine obtained 
with the aid of dimethylamine is reconverted into this amine on 
hydrolysis, as he points out, leaving no room for doubt that it is so 
constituted. On the other hand, the (iso)melamines obtained from 
thioureas are to be regarded as derivatives of a different type—as 
imido- not amido-compounds—being convertible into isocyanuric 
ethers, which yield amines on hydrolysis. 

After fully discussing the constitution of cyanuric acid itself, both 
on this and on a subsequent occasion (Ber., 1886, 19, 2084), Hofmann 
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maintained the opinion that it is probably the hydroxy-compound 
corresponding to the amido-form of melamine. As an additional 
argument, he brought forward the fact that, whereas the cyanuric 
ethers and phosphorus pentachloride interact to form cyanuric chlo- 
ride, the same agent converts methylisocyanurate into a chlorinated 
derivative of the formula C,0;N;(CH;Cl);—a remarkable compound 
which he more fully described in a later paper (Ber., 1886, 2084). 

But Hofmann not only recognised the existence of two forms of 
melamines; it did not fail to strike him that mixed intermediate 
forms should also exist, and in a later notice, in which a number of 
observations on phenylated melanilines are recorded, he pointed out 
that an asymmetric triphenylmelaniline is actually formed in pre- 
paring triphenylisomelaniline from* phenyleyanamide. Further 
attention was drawn to the existence of such mixed forms in 1886 
(Ber., 2084). 

Isothiocyanurates, corresponding to the isocyanurates, formed by 
the polymerisation of the mustard oils, remained to be prepared— 
the last paper published in Hofmann’s name alone in the Berichte 
(1892, 876) was a brief announcement of their discovery as well as 
of that of intermediate thio-compounds formed by partially dis- 
placing the oxygen of the isocyanurates by sulphur. 

Hofmann, in his Faraday lecture, after recalling the work Liebig 
did on the cyanides and cyanates, remarks: ‘ From the cyanates 
there is but one step to the swlphocyanates,” and then proceeds to 
say :— 

“This name will recall to every chemist here, I feel assured, one of the 
most interesting of the many series of substances with which the inde- 
iatigable toils of Liebig have enriched our science. It would be vain to 
attempt anything like an encyclopedic account of the splendid chain of com- 
pounds derived from ammonium sulphocyanate: to exemplify the features 
of this chapter of Liebig’s work, we must be satisfied to glance rapidly at one 
or two groups of these bodies ; and I will select for this purpose, with your 
permission, the bases of the melamine series and the mellonides.” 


The interest which the pupil displayed in the same group of com- 
pounds may have been in part inspired by contemplation of the 
master’s work; but when we consider how Hofmann’s fundamental 
discovery of phenyl (iso)cyanate, and of the corresponding mustard oil, 
was gradually elaborated in the course of years, and we contemplate 
‘ the splendid chain of compounds ” to which it gave rise, we cannot 
but feel that the work of the pupil is full worthy of being ranged 


with that of the master. 
* * * * * 


Before leaving his work on sulphur compounds, reference may 
be made to the recognition of the oil of Cochlearia officinalis as 
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the mustard oil of the butyl series (Ber., 1869, 2, 102). To ascertain 
the nature of the butyl present, he prepared normal, iso- and 
secondary butyl mustard oils, and identified the natural oil with the 
last of these (Ber., 1874, 7, 508). It does not appear to have been 
noticed whether the natural oil is optically active as it should be. 

Being struck by the remarkable resemblance of the odour of benzyl 
mustard oil (Ber., 1868, 1, 201) to that of watercress, Hofmann 
examined the oil from this and a number of other plants having 
similar odours. He arrived at the surprising result that the oils 
from Tropeolum majus and Lepidiwm sativum (garden cress) consist 
of alphatoluic nitrile, C§H;-CH,CN, and that of Nasturtium officinale 
(watercress) of the homologous phenylpropionic nitrile (Ber., 1874, 
7, 518, 520, 1293). 

A very remarkable sulphur compound of the colour of potassium 
bichromate, formed on mixing an alcoholic solution of strychnine 
with a solution of yellow ammonium sulphide, was accidentally dis- 
covered by Hofmann in 1868; he at first thought that this was a 
compound of strychnine with a persulphide of hydrogen of the 
formula H,S;, but on subsequently examining it (Ber., 1877, 1087) 
he came to the conclusion that its composition was represented by 
the formula (C,,H,N,O,.).*H.S,. 

* * * * * 

An investigation which led to results of considerable practical 
importance was that on the action of bromine on amides, of which 
Hofmann published particulars in 1881 (Ber., 2725) and 1882 (Ber., 
407, 752, 762). 

The first product was shown to be an addition compound con- 
vertible by the action of alkali into a monobromamide, e.g., acetyl- 
monobromamide, CH;-CO:-NHBr, in the case of acetamide. When 
subjected to the further action of alkali, the bromamide is converted 
into carbon dioxide, hydrogen bromide and the amine of the hydro- 
carbon radicle of the acid from which the amide is derived, thus 


CH,-CO-NHBr + H,O = HBr + CO, + CH;NH:. 


The amine, however, is but the end product, the amide being first 
converted into the cyanate, CH;CO-NHBr = HBr + CO-NCH;. 
Consequently, when a mixture of two molecular proportions of acet- 
amide with one of bromine is acted on by alkali, methylacetylurea is 
formed by the union of the cyanate with the excess of acetamide. 
Hofmann prepared the whole series of amines up to nonylamine, 
as well as heptadecylamine (from stearic acid). Many interesting 
details with regard to the behaviour of the various amides and the 
products obtained from them—including a number of urea and cyan- 
uric derivatives—will be found in the original papers; a discussion 
VOL, LXIX. 3.¢ 
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of the best methods of preparing the amides was published at the 
close of the inquiry (Ber., 1882, 15, 977). 

The method appears to be of general application in all cases in 
which it is desired to withdraw carboxyl from an acid and displace it 
by amidogen, being the reverse of the method, also introduced by 
Hofmann, of converting an aniine into the nitrile containing another 
atom of carbon by distilling its oxalate. It has already been made 
use of successfully in a number of cases in dealing with acids of 
unknown constitution. Instances in which the method is used with 
but partial success were described by Hofmann in 1885 (Ber., 2734). 

It remains to be mentioned that he also showed that the amines 
are themselves attacked by alkaline bromine solutions, being con- 
verted into the corresponding nitriles, and that the yield of amine is 
on this account often considerably below the theoretical amount; 
this happens more especially in the case of the higher terms of the 
series, as little as 30 per cent. of the theoretically pcssible amount of 
heptylamine being obtained, although as much as about 70 per cent. 
of hexylamine is produced. The formation of the nitrile is due to 
the conversion of the primary amine into the dibromamine, which 
then loses two molecular proportions of hydrogen bromide, e.g., 


C,H,;"CH."N Br, = C,H,;"CN + 2HBr. 


As Hofmann aptly remarks, the operation may be regarded as a 
reversal of Mendius’s well known process of converting the nitriles 
into amines (Ber., 1883, 558; 1884, 1406, 1920), and, as he showed, 
it may be used as a method of gradually passing down just as 
Mendius’s process has been used in passing up the series. 


* * * * * 


Dr. Perkin has drawn attention, in his account of Hofmann’s work 
on colouring matters and allied subjects, to Bardy’s method of pre- 
paring the methylanilines by heating aniline hydrochloride with 
methyl! alcohol under pressure. 

In studying this method, Hofmann and Martius were led to make 
the important discovery that when the action was allowed to take 
place at a high temperature, methylated homologues of aniline were 
also formed; in fact, by using an excess of alcohol and heating at 
280—300°, they obtained a complete series of methylated derivatives 
up to the tetramethylated compound, C,H(CH;),N(CH;).2, (Ber., 1871, 
4, 742). 

We can have no doubt who wrote the account of the work, when 
we read 


“Wir vermissen mit Schmerzen das letzte Glied dieser Reihe, die Base 


mit pentamethylirter Phenylgruppe; wir haben sie aber trotz mehrfacher 
Anlaufe nicht bis jetzt fassen kénnen,” 


sin TET esaions sal RR _~——.-- 
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Bat in course of time Hofmann’s grief was assuaged, as he was 
able to show that not only the pentamethylated base but also hexa- 
methylbenzene were among the products when the methylating pro- 
cess was prolonged (Ber., 1872, 720; 1882, 2895; 1884, 1912; 1885, 
1821). In carrying out his later researches he had at his disposition 
. ynaterial obtained in manufacturing solid cumidine—1 : 2: 4: 5-amido- 

- we 
trimethylbenzene—on the large scale from xylidine by the process 
which Martius and he had discovered (Ber., 1876, 1292, 1299), 

In their first paper, Hofmann and Martius had dealt only with the 
products which were volatile with steam ; in a later paper they gave 
an account of the non-volatile products, especially of a tertiary 
diamine, C,;H,,(NMe,), (Ber., 1873, 345; and they had meanwhile 
examined amidoethylbenzene, in order to compare it with the pro- 
| ducts they obtained from aniline (Ber., 1869, 412). 

To gain an insight into the nature of the changes involved in the 
methylating process, Hofmann studied the behaviour of trimethy]- 
phenylammonium iodide and showed that the methyl groups “ wan- 

dered” one by one into the phenyl, giving rise finally to an amido- 
trimethylbenzene (Proc. Roy. Soc., 1872, 21, 47) which he subse- 
quently identified with mesidine (Ber., 1875, 61). The process was 
>» found to be equally applicable to secondary and tertiary salts, and 
also to the production of ethyl and amyl, but not of phenyl deriva- 
tives, diphenylamine hydrochloride remaining unchanged. Tetra- 
methylammonium iodide was also found to be unaffected. 

With regard to the position which the groups take up in the ben- 
zene nucleus, it is noteworthy that .-hereas Hofmann obtained para- 
toluidine on heating methylaniline hydrochloride, the hydriodide gave 
a liquid toluidine—doubtless the ortho-compound ; phenyltrimethy]- 
ammonium iodide, it should be added, afforded two dimethyltolui- 
dines. 

Some uncertainty attaches to Hofmann’s results, in so far as the 
origin of the various products he obtained and. their genetic relation- 
ship with aniline is concerned, as later researches by Limpach (Ber., 
1888, 21, 640) appear to show that the methylation follows the ordi- 
nary para-ortho-law, and that although the presence of methyl in the 
meta-position in no way retards the action, methyl cannot be directly 
introduced into a meta-position by Hofmann’s method. If this 
be the case it would seem, therefore, that the tetramethylated com- 
pound obtained originally by Hofmann and Martius must have been 
derived from xylidine present in the aniline used ; and that the penta- 
methylated compound which the former prepared from commercial 
cumidine—derived from a mixture of xylidines—must have had a 

: somewhat similar origin. It is, in fact, difficult on reading Hofmann’s 
| accounts of the investigation to ascertain to what extent the technical 
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products used in preparing the materials he examined were definite 
substances. 

Farther evidence pointing to the same conclusion is afforded by 
his remarkable observation that the dimethylxylidine prepared 
from trimethylphenylammonium iodide—l : 2 : 4-xylidine—com- 
bines with methyl iodide with remarkable slowness, even at 150°, 
and that the trimethylated base from the same source—mesidine, as 
well as the tetra- and penta-methylated bases prepared from solid 
1:2:4:5-cumidine, cannot be caused to combine with the iodide. 
Yet Martius and he prepared methiodides from the entire series of 
methylated anilines they obtained in their original investigation, and 
inability to form methiodides cannot therefore be regarded as a pro- 
perty of all the higher methylated anilines. 

Hofmann appears to have been of opinion that, in the first instance, 
the hydrogen chloride of the aniline salt gives rise to the formation 
of methyl chloride, which in its turn, as he expresses it, induces 
substitution, first in the ammonia fragment, and ultimately in the 
phenyl group itself, the essential character of the process being an 
intramolecular change in the position of the methyl groups. Subse- 
quently, in discussing the formation of hexamethylbenzene (Ber., 1880, 
13, 1729), he suggested that the aniline underwent conversion into 
benzene and ammonia under the influence of the methyl alcohol, 
which itself became methaldehyde in the process, and that the 
nascent benzene was acted on by the methyl chloride and methyl- 
ated. 

Bearing in mind that in his original investigation on the amines 
he had shown that the secondary and tertiary amines are readily 
reconverted into primary amines by heating their hydrochlorides 
(Proc. Roy. Soc., 1860, 10, 594), it appears doubtful whether the 
process is one of direct intramolecular change; it is more probable 
that methylation is the result of the direct addition to the hydro- 
carbon radicle of the aniline of the methyl chloride or iodide, or other 
similar compound, and the subsequent separation of hydrogen chlor- 
ide or iodide under the influence of the base present. Michel, in 
fact, long ago advocated this explanation (Ber., 1881, 14, 2107). 

* %* * « * 


But one series of investigations carried out by Hofmann in Berlin 
remains to be considered—that relating to piperidine and conine, com- 
mencing in 1879, in the course of which he devised the method of 
removing the nitrogen from such compounds now recognised as one- 
of the most important means of deciphering the constitution of 
alkaloids. 

It seems strange to read that at so recent, a date the constitution 
of piperidine was still undetermined, and that, although recognised to 
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be a secondary amine, the nature of the group C;H,, combined with 
NH was entirely unknown; in the hope of dissecting out the con- 
stituents of this group, Hofmann strongly heated the hydrochloride 
of the base, but to no purpose. He then heated it with bromine, and 
obtained a product, C;H,Br.(0H)N, which appeared to be a derivative 
of pyridine, but this, on similar treatment, gave only a dibromo-deri- 
tive (Ber., 1879, 12, 984). 

K6nigs soon afterwards showed that piperidine and pyridine 
were related in the manner suspected by Hofmann, by oxidising the 
former with concentrated sulphuric acid and so converting it into 
the latter (Ber., 1879, 2341) ; and Schotten subsequently obtained a 
dibromopyridine from piperidine identical with that prepared by 
Hofmann from pyridine (Ber., 1882, 15, 427). Finally, Hofmann 
himself obtained pyridine by subjecting acetpyridine to the action of 
bromine (Ber., 1883, 16, 586). 

Turning his atterition to conine, he showed that this alkaloid con- 
tained two more atoms of hydrogen than had previously been supposed 
(Ber., 1881, 14, 705) ; and at a much later date, having distilled its 
hydrochloride with zinc dust, in the hope of converting it into octyl- 
amine, he obtained conyrine, CsH;,N = C,H,,N — 6H, and proved that 
this was either propyl or isopropylpyridine, and conine the corre- 
sponding piperidine derivative, by oxidising it to picolinic or pyridine- 
orthocarboxylic acid. He reconverted conyrive into conine by means 
of hydrogen iodide. The relation of conine to pyridine, which had 
often been suspected, was thus placed beyond doubt (Ber., 1884, 
17, 825). 

Having failed to obtain any information as to the constitution of 
the hydrocarbon group in piperidine by means of the experiments 
above referred to, recalling to mind his old observations on the decom- 
position of the ammonium hydroxides by heat, Hofmann subjected 
dimethylpiperidylammonium hydroxide to distillation. The result 
was an entirely unexpected one, as the hydroxide was resolved into 
water and “ dimethylpiperidine,” a compound which Hofmann re- 
garded as formed by the passage of a methyl group into the hydro- 
carbon radicle. However, on combining the compound thus produced 
with methyl iodide, and distilling the corresponding hydroxide, tri- 
methylamine and an ansaturated hydrocarbon, C;Hs, were obtained 
(Ber., 1881, 494, 659). 

Conine behaved in a precisely similar manner, giving “ dimethyl- 
conine,”’ and ultimately trimethylamine and conylene, C,Hy, a hydro- 
carbon which had been prepared from nitrosoconine by Wertheimer 
many years before (Ber., 1881, 705). 

Having ascertained that conine had the formula C,H,,N, Hofmann 
was led to examine conydrine, a substance occurring together with 
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conine in hemlock, as Wertheimer—-who had assigned the formula 
C,H,;NO to this base—had stated that it could be converted into 
conine by dehydrating agents. Hofmann confirmed Wertheimer’s 
formula for conydrine, but on subjecting this substance to the action 
of muriatic acid at 220°, he obtained two isomeric bases of the 
formula C,H,;N—liquid «-coniceine and solid B-coniceine (Ber., 1881, 
14, 1497; 1884, 17, 1908). A third substance of the same composi- 
tion, y-coniceine, was obtained on subjecting conine to the action 
of bromine and alkali. It was shown that a-coniceine could also be 
obtained from conine, and that conydrine was convertible into conine 
(Ber., 1882, 15, 2313; 1885, 5, 109). 

The remarkable results arrived at in the case of piperidine and 
conine naturally led Hofmann to study the effect of heat on pyri- 
dine ammonium derivatives. The results were altogether different, 
however, from those obtained in the case of the reduced pyridines, 
mono-substituted hydro-bases being formed, e.g., methylhydropyridine, 
CsH;N(CH;)H. The substances thus produced are characterised by 
their unpleasant odour, resembling that of the isonitriles and mustard’ 
oils, and on this account it was suggested by him that their production 
might be made use of as a means of recognising pyridine bases. The 
action which gives rise to them is of a very complex nature, and 
the yield exceedingly bad; in the hope of devising a more satisfactory 
method of preparation, he subjected the pyridyl ammonium iodides 
to the action of sodium amalgam, but obtained what appear to be 
dipyridyl componnds. 


In studying the action of bromine in presence of alkali on the 
amides of polybasic acids—a series of experiments which afforded only 
negative results—Hofmann, in conjunction with Behrmann (Ber., 
1884, 2681), had occasion to examine citramide and the citraminic 
acids, and in the course of the inquiry was led to the discovery of 
citrazinic acid, a pyridine derivative from which Sell and Easterfield 
have but recently prepared a number of derivatives of exceptionah 
interest. 

%* * * a * 

Everyone is acquainted with Hofmann’s modification of Gay 
Lussac’s classical method of determining vapour density by volati- 
lising a known weight of substance and determining the volume of 
vapour at a known temperature and pressure. His use of the baro- 
metric vacuum for the purpose (Ber., 1868, 1, 198) has the great 
advantage, not only of being an exact method, but also of permitting 
of the determination of vapour density at temperatares considerably 
below the boiling point of a substance tnder atmospheric pressure. 
A variety of improvements of minor details were described by him in 
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1876 (Ber., 9, 1304) ; and other communications on the determination 
of vapour density, which he brought under notice in 1877 (Ber., 10, 
962) and 1878 (Ber.,11, 1684), show that the subject continued to engage 
his attention. It should not be forgotten that in introducing his 
method, Hofmaun also introduced the system of using the vapour 
from a boiling liquid to heat the tube; although not new in principle, 
this was a most important practical step in advance. 
* * * * * 

No notice of Hofmann’s scientific work would be complete if refer- 
ence were not made in it to the remarkable service he rendered as 
a teacher in the lecture room. Sir F. Abel and Dr. Perkin have both 
spoken of the attention he lavished on experimental illustrations, 
and all who have heard him lecture are aware of the remarkable 
enthusiasm he invariably displayed over every successful demonstra- 
tion his assistant was able to perform—for he was not often allowed 
by his assistants to perform his own experiments, however much 
they were of his own devising. 

But Hofmann did not merely devise new experiments—as he tells 
us in the preface to his Modern Chemistry, in endeavouring to promote, 
in the country of his adoption, the great cause of chemical education, 
he broke with the classical traditions of chemical teaching; and 
besides studying the elements in a new order, introduced an alto- 
gether new style into lecture experimenting. This was done in 
response to a deeply felt want, due to his conversion to “ Gerhardt- 
ism ;”’ in fact, he commences the discourse *‘ On Lecture Illustrations ” 
he delivered to our Society in February 1865 by saying— 

“The introduction into modern chemistry of the idea of structural types, 
and the prominence given thereby to volumetric considerations, involve the 
necessity of modifying, to a certain extent, our present style of lecture illus- 
trations. This necessity, I believe, has been felt by many teachers who have 
endeavoured to reflect the present aspect of chemistry in their lectures.” 

He gave an account, on the occasion in question, “ of the volumet- 
rical experiments on the composition of the typical hydrogen com- 
pounds” with the study of which, during the previous few years, he 
had been in the habit of opening his course of lectures on experi- 
mental chemistry. The well known experiments on the volumetric 
composition of hydrogen chloride, water, ammonia and methane 
were then brought under notice. The account of the lecture printed 
in cur Journal is illustrated with figures of the volumetric apparatus 
now so familiar to all students of chemistry, taken from his Introduc- 
tion to Modern Chemistry, Experimental and Theoretical: Lectures 
delivered in the Royal College of Chemistry, London, which was 
published shortly afterwards. 

He delivered a second discourse on lecture experiments on an 
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especially auspicious occasion, on May 15, 1869, when the German 
Chemical Society, of which he was President, at his invitation, met 
in his new laboratory in Berlin, completed only a week before.* The 
lecture was prefaced by an account of the steps that had led to his 
appointment and to the building of the laboratory, commenced on 
May 15, 1865. In the course of this address, referring to the 
opening of large chemical laboratories at Berlin and Bonn, both 
erected under his direction, he gave utterance to the following fore- 
cast— 


“Man wird sich nicht tiuschen wenn man der Griindung der beiden gross- 


* The experiments brought under notice in his lecture had reference to—(1) 
Increase in weight during combustion; (2) Formation of ferric acid ; (3) Volu- 
metric analysis of muriatic acid and ammonia by electrolysis ; (4) Condensation of 
hydrogen and oxygen on conversion into gaseous water; (5) Analysis of methane 
and ethylene; (6) Lecture eudiometer; (7) Equality of volume between oxygen 
and the carbon and sulphur dioxide into which it is converted; (8) Oxidation of 
ammonia; (9) Evolution of oxygen from nitric and sulphuric acids; (10) Flame 
experiments; (11) Lecture thermoscope; (12) Comparison of the volumes of 
different gases when subjected to the same alterations of temperature and pressure ; 
(13) Compression of gases by mercury; (14) Liquid sulphur dioxide; (15) Produc- 
tion of mercury bubbles on water; (16) Local ventilation for lecture experiments 
( Ber., 1869, 223). 

Experiments on the following subjects were afterwards described in the Berichte 
—(17) Combustion phenomena (1869, 4371); (18) Inflammation of hydrogen 
compounds in contact with nitric acid; (19) Observation of complementary colours 
in transmitted and reflected light; (20) Colouring power of aniline dyes; (21) 
Formation of nitric acid on combustion of lrydrogen in air; (22) Liquid cyanogen ; 
(23) Alternate reduction and oxidation (1870, 658); (24) Preparation of pure 
phosphine; (25) Decomposition of phosphine by electric sparks (1871, 200) ; (26) 
Eudiometer with movable sparking wires; (27) Doubling of volume on conversion 
of carbon dioxide into monoxide by carbon (1871, 248); (28) Oxidising action of 
carbon ; (29) Demonstration of oxidation by conversion of colourless into coloured 
compounds; (30) Liquid phosphine; (31) Maximum density of water; (22) 
Sodium press; (33) Reversed Liedenfrost experiment to show behaviour of alkali 
metals to water (1874, 530); (34) Volumetric equivalence of oxygen and chlorine ; 
(35) Analysis of hydrogen chloride; (36) Formation of water on a large scale; 
(37) Demonstration that gases may be liquefied both by pressure and cold (1119) ; 
(38) Electrolysis of muriatic acid; (39) Volumetric phenomena attending the for- 
mation of hydrogen chloride from hydrogen and chlorine; (40) Combustion 
phenomena; (41) Equality of volume of carbon dioxide with that of the oxygen 
from which it is formed; (42) Combustion of oxygen in hydrogen ; (43) Volume 
weight of gaseous water; (44) Volumetric relationship of liquid and gaseous 
water; (45) Maximum density of water; (46) Decomposition of water by sodium ; 
(47) Alternate decomposition and formation of water; (48) Volumetric aualysis of 
ammonia; (49) Volumetric relation of ammcnia to the nitrogen it contains; (50) 
Liquefied gases; (51) Manufacture of sulphuric acid; (52) Demonstration of 
Dulong and Petits’ law; (53) Equivalence of lead and zinc; (54) Reversed 
Leidenfrost experiment (1882, 2656). 
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artigen chemischen Laboratorien, welche sich in diesem Augenblicke unter 
den Auspicien der Kéniglichen Unterrichts-Ministeriums vollendet haben, 
eine Bedeutung beilegt, die weit iiber den unmittelbaren Nutzen fiir 
den Aufschwung des chemischen Unterrichts auf den _ betreffenden 
Universitiiten hinausgeht. In der Bewilligung der ausserordentlichen 
Mittel fiir die Organisation der neuen Institute ist dem Einflusse 
der Chemie auf die Entfaltung moderner Zustiinde: eine Anerkennung 
gezollt worden, welche nicht ohne Einwirkung auf die iibrigen, an 
diesen Errungenschaften kauin weniger betheiligten Naturwissenschaften 
bleiben kaum. Den eben enstandenen chemischen Instituten werden sich 
iihnliche, mit gleicher Liberalitit ausgestaltete Anstalten fiir die beiden 
anderen grossen Zweige der Naturwissenschaft, Physik und Physiologie, 
anreihen, denen neben der Chemie die Zukunft angehirt. Schon regt es sich 
lebhaft in diesem Sinne. Die Vertreter aller naturwissenschaftlichen Discip- 
linen fiihlen, dass die grossen Opfer, welche man noch eben einem einzigen 
Zweige der Naturwissenschaft gebracht hat friiher oder spiater dem eigenen 
Fach zu Gute kommen miissen.” 

Events, in his own country, have abundantly justified these 
remarks. Of the use made of the laboratory under his direction, 
evidence is to be found in the pages of the Berichte; all know that 
extraordinary activity prevailed in it, and some indication of the 
extent to which it was used is afforded by the fact that the last 
communication bearing his name, published in 1892, is marked 


‘* Aus dem I, Berliner Univ.-Laborat , No. peccLxxxvit.” 


Although Hofmann was not the first to study the effect of electric 
sparks on componnd gases, the form in which we have long been 
accustomed to make such experiments is mainly of his devising, and 
had its origin in a series of remarkably interesting observations 
which Buff and he described in a communication to our Society in 
1859 (Chem. Soc. J., 12, 273). Their experiments were undertaken 


“in the hope that the slow decomposition of compound gases by the long 
continued passage of electric sparks might be effected by the spark current of 
the induction coil with such rapidity and precision as to furnish a simple 
experimental illustration of relations with difficulty attainable by other 
methods. The relation of the spaces occupied respectively by a compound 
gas and by the sum of its gaseous constituents is but rarely capable of syn- 
thetical demonstration. In most cases this relation can only be exhibited by 
analytical operations which are not always compatible with the conditions of 
a lecture experiment. The successful application of the spark-current 
appeared to promise a considerable simplification of these processes. With 
this view we have studied the action of the current produced by a powerful 
Ruhmkorff coil on the more frequently occurring compound gases and on the 
vapours of several liquids of low boiling point. At the same time we ex- 
amined the deportment of these gases and vapours under the influence of 
iron or platinum coils electrically incandescent, together with the effects pro- 
duced by the high temperature of the electric are.” 
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Among the substances sparked was carbon dioxide: they observed 
that this was at first decomposed into carbon monoxide and oxygen, 
which, after a time, recombined explosively. Thirty years later, 
almost at the very close of his career, Hofmann was led again to pay 
attention to this subject by representations from others that they 
had not succeeded in verifying the statement. He went fully into 
the matter, and showed under what conditions the alternations in 
the phenomena could be observed (Ber., 1890, 23, 3303). Both com- 
munications are full of interest, both on account of the observations 
recorded in them and of the practical information they convey ; it 
is remarkable that the ingenious method of sparking introduced by 
Buff and Hofmann has not been more frequently adopted by later 
workers. 

& * * * * 


The foregoing is an account, in the briefest possible terms, of the 
scientific work accomplished by Hofmann during a period of almost 
50 years—of labours ever carried on with unremitting ardour and 
enthusiasm, no trace of failing interest being discoverable as years 
roll on, the same characteristic, inspiriting freshness of style per- 
vading each successive communication. 

Much may be learnt by the reverent study of his work; and this 
notice has been compiled in the hope that it may, in some measure, 
serve students as a guide—to enable them to grasp its bearings, and 
to understand the intimate interconnection of its parts. 

No more enduring monument of his supreme ability as an investi- 
gator could be wished for than is afforded by the records of his 
labours preserved to us in the various journals. And not only of his 
ability as an investigator—for in studying them we perforce recog- 
nise the great leader also. No ordinary man could have induced his 
assistants so rapidly to carry out researches of such difficulty as 
that on the diamines, and so repellent as well as difficult as were 
those on the phosphines, the isonitriles, the isocyanates and the 
mustard oils. 

But we cease to wonder, when we learn how closcly he followed 
each step in every investigation which was being carried out under 
his direction, how every detail even was familiar to him; and when 
we hear how all who worked with him were stirred into enthusiasm, 
and were made to feel that failure to produce results was regarded 
by him as a real personal grievance. 

Hofmann, however, not only provided most of the materials for 
one of the chief chapters in organic chemistry—he played besides 
the part of the statesman, and with marvellous effect ; for the great 


ARMSTRONG : HOFMANN MEMORIAL: LECTURE. 729 


work accomplished under his leadership by the German Chemical 
Society—which has coordinated the labours of chemists throughout 
the world in a way that has never yet been witnessed in any other 
branch of science—is universally recognised as largely due to his 
initiative, to his great organising ability, and to his personal exertions, 
influence and tact. We are able to take no small share of pride in 
his success, as he was the first to recognise that he gained his 
experience among us, and that he was often guided by English 
models. 

Cosmopolitan in speech, he was cosmopolitan in sympathies. A 
discovery of interest once made in his English laboratory, he forth- 
with communicated his results not only either to us or to the Royal 
Society and to his former countrymen, but also to his many friends 
and admirers in France; and he would have been equally ready to 
give expression to them in several other tongues had he felt that any 
useful purpose was to be served. It was no mere vain wish for 
notoriety that led him to spread abroad the account of his successes. 
The interest he took in his work was so intense, that he could not 
but feel that others ought to be able to enjoy with him the pleasure 
he experienced whenever new facts of importance came to light. 
Hofmann’s share in promoting the spirit of freemasonry among 
scientific workers generally was thus very great. 

And his influence in industrial circles cannot well be overrated, 
difficult though it be to gauge its extent. Apart from the inspira- 
tion men like Perkin and Nicholson received from him, there can 
be no doubt that his researches on colouring matters have had a 
determining effect on the course of the development of the colour 
industry. Had it not been for the example which he set, and the 
persistent manner in which he investigated colour after colour, 
problem after problem, we should scarcely have so soon witnessed 
that translation of theory into practice which is the distinguishing 
feature of German chemical industry at the present day. 

It would be impossible to find a more competent witness than the 
author of the epic—for it is nothing less—published shortly after 
Hofmann’s death in the Berichte, recounting the wondrous achieve- 
ments of the long succession of chemists who have brought the coal 
tar industry to its present high pitch of perfection; in claiming for 
Hofmann « principal share in its development, Caro indulges in no 
mere flight of poetic phantasy, and the following closing words of his 
recital are singularly appropriate and full of feeling— 

“Dem Fiihrer folgen wir zu dem Fabrikthor. Nocli einen letzten Blick in 
die Gliederung des miichtigen Werkes—sein wahres Fabrikgeheimniss wurde 
uns offenbart ! 

“Vor unserm Geiste steht wieder der Baum der Deutschen Chemischen 
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Industrie mit seinen ragenden Aesten und Zweigen. Wie naturgemiiss— 
denken wir—hat sich doch sein kriiftiges Wachsthum vollzogen! Boden 
und Nahrung fand er in der Wissenschaft und das Walten der ewigen Gesetze, 
die jeden Erfolg im Leben bedingen, hat auch seine Entwickelung zu der 
gegenwiirtigen Bliithe gebracht. Der Wunsch ringt sich von der Seele los | 
Mége nie der Sturm diesen Baum entblittern, nie der Unfriede an seinem 
Marke nagen ! 

“ Wir sagen dies dem Fiihrer. Er driickt uns die Hand. ‘ Und so oft Sie 
sich dieses Baumes erinnern, so vergessen Sie nicht ’—sagt er—des treuen 
Girtners, der unseres Zweiges gewartet hat, seit der Zweig noch ein Reis 
war—fast ein halbes Jahrhundert. Denken Sie stets in Liebe und Vereh- 
rung an unsern August Wilhelm von Hofmann.” 


Hofmann did his best to raise up an English tree of chemical 
industry, and for a while it grew apace: indeed, at one time there 
seemed to be every chance that it would rank as an indigenous pro- 
duction, as seed fell and began to spring up in turn; but alas! its 
roots were soon struck by canker, and it ceased to flourish. No one 
could be brought to understand that it not only required frequent 
careful pruning, but also the addition continually of new grafts; it 
was left too much in the charge of mere uninstracted labourers, and 
competent foresters who could appreciate its requirements and 
forward its growth were considered unnecessary. 

While our adopted countryman, Hofmann strove in every possible 
way to promote our interests. His pupils established the new industry, 
which he did his utmost to support and forward when its importance 
once became manifest ; but the circle within which favourable condi- 
tions prevailed was hopelessly narrow. We, in fact, denied him the 
opportunity he eagerly seized upon when it was offered to him by his 
own countrymen: and among them he found both Boden und Nahrung, 
for they had been properly tutored by their universities, and were pre- 
pared to accept his advice and apply theory to practice. Our universi- 
ties, unfortunately, long thwarted us instead of aiding us, and are still 
too much engaged in the blind worship of the unpractical. True 
culture has been neglected. The struggle for scholarships and distinc- 
tions has exercised an over-mastering influence ; precious years which 
should be spent in learning to work and to appreciate and apply theory 
have been sacrificed in committing facts to memory for the mere purpose 
of retailing them in examination balls—nay, worse, in sterilising and 
cramping minds which under a free system might develop into utmost 
usefulness. A change is indeed gradually coming about, but all too 
slowly, as—worst of all—no true public feeling on the question 
exists. Our schools have done their work suv badly that the general 
public cannot properly discuss such questions, and take no interest 
in them. 

The records of our Society show what English chemists can accom- 
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plish, and if the demand should arise there would now be no difficulty 
in finding and educating any number of capable men who could do all 
that would be required of them. Butso long as employers of labour are 
not thoroughly imbued with the scientific spirit, and fail to fully avail 
themselves of the services of properly trained workers, no real pro- 
gress is possible: for it is useless to manufacture goods you cannot 
sell to advantage, which those who ought to possess them will not 
buy. 

Those of us who understand the position cannot but contemplate 
with envy, and yet with utmost admiration, proud words such as 
Caro utters in referring to the coal tar industry: “ Kein Zweig der 
deutschen Technik trigt mit gleichem Rechte den Namen einer 
nationalen Industrie.” It were time, however, that some sense of 
shame pervaded our men of business, and that the nation were brought 
to understand how opportunities once ours have been sacrificed, not 
even blindly, but in face of constant warnings; that not only the 
coal tar industry, but all industries in which chemistry can and should 
play the leading part, with few exceptions, have failed to advance 
during the past five and twenty years. 

To quote the words used by the Council of the Royal College of 
Chemistry in their second report in 1848—“ Capital, which has been the 
boast of this country, can do much, but capital directed by the lights of 
science may accomplish much more; and those nations who neglect 
to call in its aid, will, to use the prophetic words of the venerable 
Humboldt, infallibly see their prosperity diminish in proportion as 
neighbouring countries become strengthened and invigorated under 
the general influence of arts and science.” It were time that the 
value of the legacy Hofmann has left were appraised by us—that 
some notice were taken of the warning which at the outxet of his 
English career he brought under our notice. 

A writer in a recent number of the North American Review main- 
tains the thesis that chemistry underlies the mannfacturing arts, 
and that hence the industrial status of a nation may be fairly 
estimated by the condition of its chemical knowledge. 

“Tt is fair to hold that the country that has the best chemists will in the 
long run be the most prosperous and the most powerful. It will bave at the 
lowest cost the best food, the best manufactured materials, the fewest wastes 
and unutilised forms of matters, the best guns, the strongest explosives, the 
most resistant armour. Its inhabitants will make the best use of their 
country’s resources ; they will be the most healthy, the most free from dis- 
ease ; they will oppose the least resistance to favourable evolution ; they will 
be the most thrifty and the least dependent on other nations. The education 
of its people in chemistry and the physical sciences is the most paying invest- 
ment that a country can make. Competition to-day between nations is 
essentially a competition in the science and applications of chemistry.” 


732 ARMSTRONG: HOFMANN MEMORIAL LECTURE. 


Hofmann consistently taught this doctrine when he came among 
us—but to no purpose; his countrymen were wiser and have proved 
its truth to demonstration, and the victories won in the fields of 
pure and applied chemistry are rapidly leading them to introduce 
scientific method into the conduct of their affairs generally. 

Shall we ever decline to pay heed to one whom we always admired 
and whom we now venerate ? 


Hofmann was elected a Foreign Member of the Chemical Society 
on March 3rd, 1845, which is in itself proof of the esteem in which 
he was held within two years after the publication of his first paper. 

He became an ordinary member of the Society in 1849, the 
record of the meeting on March 3 containing the entry “ Augustus 
W. Hofmann was elected a Member of the Society.” 

Meanwhile he had already been appointed Foreign Secretary (in 
1847); and he held this office until 1861, when he was elected President, 

The Society became of age during his first year of office as Presi- 
dent, and in this year also the Prince Consort died, who had taken 
so great an interest in his work and in the Royal College of Chemistry. 
In his second year of office, the Great Exhibition was held, with which 
his name will always be connected on account of the remarkable mono- 
graph he wrote describing the chemical exhibits. 

As Vice-President he retained his position on our Council and as 
an ordinary member of the Society during the remainder of his life ; 
but after leaving England he took no part in our work, and only 
once came toa meeting. Although he communicated several of his 
discoveries to the Royal Society, he did not once send a paper to us. 

He delivered the Faraday lecture in 1875, selecting as his subject 
Liebig’s work. 

His last appearance among us was in 1884, when he presided at 
the dinner given on the 23rd of April in honour of his old pupil, 
Perkin. 

He was elected a Fellow of the Royal Society in 1851. He 
received the Royal Medal in 1854, and the Copley Medal in 1875. 

Hofmann died suddenly at Berlin, on May 5, 1892, in his 74th 
year. 


Of the two portraits attached to these notices, one is from a photo- 
graph of Hofmann taken shortly before he left England, the other is 
from the heliogravure of the portrait now in the Berlin Gallery, 
painted in 1890 by Angeli, the celebrated German artist. 
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S. W. M. Davy, who was born at Fallowfield, near Manchester, 
on November 9, 1861, commenced his education at a private school, 
and at the early age of nine gained a Scholarship at the Man- 
chester Grammar School, where he remained seven years; during 
this time he took great interest in chemistry, experimenting at 
home in his spare time in a room given up to his use for that 
purpose. After leaving the Grammar School, he was apprenticed to 
Mr. C. Estcourt, city anulyst, Manchester, and being very friendly 
with Dr. Burchardt, of Owens College, was permitted to attend his 
private lectures, and received much kindness from him. At the 
expiration of his apprenticeship he was placed for three years with 
Mr. Bird, of South Down, assayer and owner of chemical works, 
near Plymouth. After leaving South Down he was appointed Analyst 
to the Manchester Corporation Gasworks, where he remained five 
years under the late Dr. John Leigh; from there he went to the 
Sheffield Gasworks as analyst and chemist, a position he held up to 
the time of his death. He was not only fond of the science which 
was his profession, but devoted many spare hours to painting, both in 
oil and water-colours, leaving behind him many mementoes of his 
skill in this art. 


Rosert Gattoway, the second son of Robert Galloway, was born 
on January 9, 1822, at Cartmel, Lancashire, and was educated 
at| the Grammar School there; at a very early age he evinced 
a taste for the science which afterwards became his profession. On 
leaving school, he went as an assistant to Mr, Ross, chemist, of 
Lancaster, in whose establishment he met as a colleague, Edward 
Frankland, who has since become so distinguished as a chemist. He 
then proceeded to London, to study at the College of Chemistry 
under Dr, Hofmann, and after a time accepted the post of Teacher 
of Chemistry, at Queenwood College, Hants, as successor to 
Frankland and Tyndal. He then became assistant to Dr. Lyon 
(now Lord) Playfair, who subsequently recommended him for the 
position of Professor of Applied Chemistry, at the Museum of Irish 
Industry at Dublin. At that institution, which afterwards became 
the Royal College of Science for Ireland, he continued to hold for 
many years the chairs of theoretical and practical chemistry and of 
metallurgy, until he retired on full pension in 1880. 

He was pre-eminently a teacher and practical man, and devoted his 
energies to his pupils rather than to his own original work. Many 
of those who received their early training in chemistry from him 
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have since attained to eminence in chemistry, in the industrial arts, 
and in the learned professions. His writings were numerous, 
voluminous, and important, and in addition to papers on industrial 
chemistry presented to the Royal Irish Academy, published in the 
Chemical News, and in pamphlet form, &c., the following may be 
particularly noted:—A Manual of Qualitative Analysis (1850), of 
which five editions have since been called for; The First Step in 
Chemistry (1851), which also has passed through many editions, and 
which long maintained its place as the best elementary text-book on 
the subject; The Second Step in Chemistry (1863), a singularly able 
and comprebensive compilation of advanced work in chemistry ; 
A Treatise on Fuel (1880); Education: Scientific and Technical 
(Triibner, 1581); and The Fundamental Principles of Chemistry 
(Longmans, 1888). He died in London, on January 15, 1896, 
aged 74. 

Robert Galloway is remembered by his pupils with affection and 
respect, for his unsparing trouble as a teacher, his kindly interest 
and encouragement in their subsequent careers, and his high 
character as a man of science. He would brook nothing that he 
considered uuthorough, and if he made enemies, it was on account of 
his outspoken condemnation of everything that he regarded as 
disingenuous or untruthful. 


Georce M‘Rozerts was born 56 years ago, and commenced his 
business career in the office of Russell and Sons, coalmasters, Falkirk. 
He afterwards took up the profession of chemistry, in which he 
occupied a high position. He was well known as the founder of 
the Westquarter Chemical Works, Redding, and on obtaining the 
appointment of Manager of Nobel’s Explosive Works, Ardeer, he 
sold his works at Redding to Nobel’s Explosives Company, who 
extended them and carried them on as a branch of their large under- 
taking. While at Ardeer, Mr. M‘Roberts made the first charge 
of dynamite used in this country. Latterly he was employed as 
Technical Adviser to the British Explosives Syndicate at Pitsee, 
Essex. Mr. M‘Roberts was very popular in Ardeer and that district, 
and was held in high esteem by the employés of the works, and by 
all with whom he came into contact. He retained his connection 
with the works at Ardeer until eight years ago, when, owing to the 
delicate state of his health, he was compelled to retire; he then took 
up his residence at Newton Mearns, where the last years of a busy 
life were spent in comparative retirement. Mr. M‘Roberts was well 
known in Falkirk and the neighbourhood, and was held in high 
esteem by all who had the privilege of his acquaintance; he was a 
Justice of the Peace for the county of Ayr. He was married to 
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a daughter of the late Mr. Paton, of Thornbank, Falkirk, for 
whom much and sincere sympathy is felt in her sad bereavement. 
Mr. M‘Roberts had been in delicate health for the last eight years, 
but his death took place somewhat suddenly at his residence, 
Todhill, Newton Mearns, from an affection of the heart. 


Henry Davis Pocuin, who died at Bodnant Hall, Denbighshire, 
in his 72nd year, on October 28th, 1895, after a short illness, was for 
many years a prominent and widely known figure in English commer- 
cial life, and illustrated by many examples the successful application 
of scientific discovery to practical purposes. He studied chemistry 
in early life, with the view of entering business in Manchester 
as a Manufacturing Chemist, and by experimental research, which 
resulted in the patenting of many valuable inventions, he built 
up the firm of H. D. Pochin & Co., in Salford. Through his 
process for decomposing silicate of alumina, the article known as 
‘“‘aluminous cake” was introduced into commerce, and is now ex- 
tensively used by paper-makers, whilst his discovery of the method 
of distilling resin with superheated steam forms the basis of the 
modern mannfacture of a certain class of yellow and fancy soaps. 
About 30 years ago, in combination with a few business friends, he 
acquired some of the principal coal, iron, and steel concerns in the 
country; and although he converted them into limited liability com- 
panies he retained the largest interest in the capital, and the chief part 
of the direction in his own hands. In this way he became known 
as the leading spirit in Bolckow, Vaughan, & Co.; John Brown & 
Co.; the Armour Plate Makers of Sheffield; the Tredegar Iron and 
Coal Company; Palmer’s Shipbuilding and Iron Company; the 
Staveley Coal and Iron Company; the Sheepbridge Coal and Iron 
Company, and other undertakings of a similar character. About the 
same period he took up, in conjunction with Sir Edward Watkin, 
the affairs of the Metropolitan Railway Company, which were then 
in a state of insolvency, and as Deputy-Chairiman, an office which he 
continued to hold until his death, took a large share in creating its 
present condition of prosperity. He was also a Director of the 
Manchester, Sheffield, and Lincolnshire Railway, and for many 
years took an active part in connection with popular education in 
Manchester and Salford, and was twice Mayor of the latter borough. 
He was a well-known member of the Reform Club, and sat for a 
short time in the Parliament of 1868. In the election of 1865 he 
was an unsuccessful candidate for Stafford; and again, in 1874, he 
stood both for Stafford and Monmouth, but failed to get elected. 
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XLIII.—Condensation of Benul with Ethylic Aceto- 


acetate. 
By Francis R. Japp, F.R.S., and G. Druce Lanper, B.Se.(Lond.). 


Tue following investigation was undertaken in the hope of throwing 


tion of benzil with acetone, especially on that of anhydracetonebenzil. 
This hope has not been fulfilled; but as we believe that we have in 
the meantime attained our object by the more direct method of a 
detailed study of the reactions of anhydracetonebenzil itself, we do 
not intend to carry our examination of the present condensation 
further, especially as, owing to the high molecular weight of the 
compounds formed, and the consequent uncertainty in interpreting 
the analytical data, the work is of great difficulty. We therefore 
content ourselves with placing on record the results obtained. 

Action of Sodium Ethoxide ona Mizture of Benzil and Ethylic Aceto- 
acetate—Hight grams of sodium were dissolved in about 100 grams 
of absolute alcohol; the solution was cooled; 40 grams of ethylic 
acetoacetate and 70 grams of benzil were added; and the whole was 
warmed on the water bath until the benzil had dissolved, after which 
the ask wus removed from the water bath, and allowed to stand 
over night. A crystalline substance was deposited, which proved to 
be a sodium compound of the new condensation product, and con- 
tained alcohol of crystallisation; it had the formula C;,H,;NaO,,C.H,O. 
This substance was separated by filtration, and washed with cold 
alcohol. Addition of alcohol to the mother liquor produced a further 
deposit of the substance; this was treated in the same way. The 
second mother liquor thus obtained gave, on dilution with water, a 
third portion of the substance in a less pure condition. 

This sodium compound, like the metallic derivatives of ethylic 
acetoacetate, is readily soluble in benzene. The first two crops of 
crystals were therefore united and dissolved in benzene, after which 
glacial acetic acid was added until the liquid showed a slight acid 
reaction. Sodium acetate separated, and was removed by filtration. 
The clear solution was diluted with light petroleum; on standing, 
the liquid very slowly deposited nearly the whole of the new com- 
pound in crystalline crusts. The yield was 42 grams, whilst a further 
quantity was obtained from the third crop of sodium compound. 
Thus purified, it contains benzene of crystallisation, and the crystals 
effloresce on exposure to air. It may be purified by recrystallisation, 
either from hot alcohol or from a mixture of ethylic acetate and light 
petroleum; both solvents deposit it in colourless, flat needles or 


light on the constitution of the compounds obtained by the condensa-. 


" 08 eas 
tii ie 


CONDENSATION OF BENZIL WITH ETHYLIC ACETOACETATE. 737 


prisms, with bevelled edges. It melts with decomposition at 
210—211°. It has the formula C;,H..O,, and is formed from benzil 
and ethylic acetoacetate, according to the equation 


2C,,H 0, + C.HOs = C3,H0. + H,0. 


It may, therefore, be provisionally named ethylic anhydrodibenzilaceto- 
acetate. Analysis of the air-dried substance gave results agreeing 
with the foregoing formula. 


01693 gave 0°4760 CO, and 0°0824 H.O. C = 76°68; H = 5°40. 
01973 ,, 0°5534CO, ,, 0°0965 H,O. C = 7650; H = 5°43. 
C,H2.0, requires C = 76°69; H = 5:26 per cent. 


The substance is somewhat difficult to burn; but we were led un- 
necessarily to doubt the accuracy of some of our first combustions by 
noticing the formation of a permanent black deposit in the combus- 
tion tube above the oxide of copper just in the neighbourhood of the 
substance. This we at first took to be unburnt carbon; but it proved 
to be oxide of copper. The phenomenon was doubtless due to the 
regeneration of ethylic acetoacetate, and the formation of its volatil 
copper compound, which was then decomposed in contact with the 
hotter portions of the tube. The formation and volatilisation of 
ethylic cupracetoacetate under such conditions may be readily shown, 
as we found, by heating in a test-tube a little finely powdered copper 
oxide, moistened with ethylic acetoacetate; on setting fire to the 
vapour at the mouth of the tube it burns with a green flame. 

The original sodium compound, C;,H»;NaQ,,C,H,O, does not readily 
give good iigures for sodium and alcohol, owing to the fact that it is 
very difficult to expel the whole of the alcohol of crystallisation 
without decomposing the remaining compound. Loss on heating at 
110°: 8:21 to 9:03 per cent.; calculated for 1 mol. C,H,O: 7°67 per 
cent. Nain resulting substance: found 3°99 to 4°55 per cent.; cal- 
culated 4°15 per cent. 

This sodium compound is, as already mentioned, very soluble in 
benzene. If a strong benzene solution is allowed to stand for two or 
three weeks in a corked flask, large, transparent crystals, containing 
benzene of crystallisation are slowly deposited. These are sparingly 
soluble in benzene; but on exposure to air, or when gently heated, 
they effloresce, and the effloresced substance again dissolves readily 
in benzene. 

Although ethylic anhydrodibenzilacetoacetate, as some of its other 
reactions show, undoubtedly contains the carbethoxyl group, it was 
not found possible to hydrolyse it by means of alkali to the corre- 
sponding acid, owing to the ease with which it is decomposed with 
regeneration of benzil. 
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No acetyl derivative was obtained by boiling ethylic anhydrodi- 
benzilacetoacetate with acetic anhydride for one hour. 

The substance was also heated alone at 150—160° in a flask, 
previously exhausted bya Sprengel mercury pump. Carbon dioxide 
was given off, mixed, towards the end of the operation, with a gas 
which was not absorbed hy caustic potash. After the evolution of 
gas had ceased, the residue in the flask was dissolved in benzene. 
The solution deposited benzil. No other compound could be isolated 
from this residue. 

Phenylhydrazine does not act on the compound in boiling alcoholic 
solution. At a higher temperature the dihydrazone of benzil is 
obtained. 

Action of Ethylic Alcohol and Sulphuric acid on Ethylic Anhydrodi- 
benzilacetoacetate—-Ten grams of ethylic anhydrodibenzilacetoacetate 
were boiled for five hours with a mixture of 200 c.c. of absolute 
alcohol and 10 drops of concentrated sulphuric acid, using a reflux 
condenser. The substance was precipitated by the addition of water, 
and purified by recrystallisation from boiling alcohol. It formed 
slender prisms or needles melting at 197°. (Yield: 5°5 grams of 
pure substance.) In purifying various preparations of this substance, 
it was frequently noticed that the mother liquors from the needles 
melting at 197° deposited, on standing, other needles, very similar to 
these in appearance, but melting at 178°. On recrystallising the 
latter substance from alcohol, the melting point at once rose to 197°. 
The compouud thus appears to be dimorphous. Analysis of the 
substance dried at 100° showed that a hydrogen atom of ethylic 
anhydrodibenzilacetoacetate had been replaced by ethyl 

C,H,,0, + C,H,O = CH (C2Hs) O06. + H,0, 
yielding ethylic ethylanhydrodibenzilacetoacetate. 


0°1700 gave 0°4791 CO, and 0°0893 H,O. C = 76:86; H = 5°84. 
02033 ,, 05742 CO, ,, 01056 H,0. C = 77:02; H = 5°77. 
CyHs,0, requires C = 77:14; H = 5°71 per cent. 


An attempt was made to prepare this compound by heating ethylic 
anhydrodibenzilsodacetoacetate in benzene solution in a sealed tube 
with ethylic iodide. A separation of sodium iodide occurred, showing 
that an interaction had taken place; but the benzene solution, on 
evaporation, yielded a large quantity of benzil. A very minute 
quantity of a substance crystallising in tufts of needles was also 
formed, quite insufficient for further investigation. 

It is, therefore, probable that sodium and ethyl replace different 
hydrogen atoms of the condensation compound. 

Of the two ethyl groups contained in the molecule of ethylic 
ethylanhydrodibenzilacetoacetate, that which was already present in 


a 
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the condensation compound is in the ester form; that which was 
afterwards introduced by the etherification with alcohol and sulphuric 
acid is in the ether form. Only the former ethyl group is removed 
by hydrolysis with caustic alkali. 

Ethylanhydrodibenzilacetoacetic acid.—Ethylic ethylanhydrodi- 
benzilacetoacetate was heated with alcoholic potash for half an hour 
on the water bath. On standing over night, the solution deposited 
prismatic crystals of a potassium salt. (In a subsequent preparation 
it was found that the addition of more alcohol facilitated the crystal- 
lisation of this salt.) The crystals were separated by filtration 
through a platinum cone, and washed with alcohol. They were 
practically insolable both in alcohol and in water, but dissolved on 
warming with water containing a little alcohol. The organic acid 
was precipitated by dilute sulphuric acid, and purified by recrystal- 
lisation from hot benzene. The benzene solution deposited the 
substance in a form which appeared to the eye amorphous, but under 
the microscope was seen to consist of minute matted needles, It 
melted constantly at 216°. 5°5 grams of ester yielded 3°5 grams of 
acid. Analysis of the substance dried at 100° gave figures agreeing 
with the expected formula of ethylanhydrodibenzilacetoacetic acid, 
C3,.H23(C,H;5) Os. 

0°2348 gave 0°6603 CO, and 0°1130 H,O. C = 7669; H = 5°34. 

01453 ,, 04083 CO, ,, 00708 H,0. C = 7663; H = 5°41. 

C3,H,,0, requires C = 76°69; H = 5°26 per cent. 

It is isomeric with the condensation compound. 

The silver salé was obtained by precipitating a solution of the 
ammonium salt in dilute alcohol with an aqueous solution of silver 
nitrate. 1t formed a white precipitate, which showed a tendency to 
become dark coloured. It was dried in a vacuum desiccator. 

0°2918 gave, on ignition, 0°0500 Ag. Ag = 17°13. 

Cy,H.,0,Ag requires Ag = 16°90 per cent. 


The barium salt was obtained in a similar manner, precipitating 
with barium chloride. It was recrystallised from a mixture of water 
with rather more than its volume of alcohol, and was thus obtained 
in small prisms. For analysis it was dried at 1U0°. 

03614 gave 0:0694 BaSO,. Ba = 11°29. 

(C;,H,;0,),.Ba requires Ba = 11°43 per cent. 

In order to prove that the ethyl group, which is removed during 
the hydrolysis of ethylic ethylanhydrodibenzilacetoacetate to the acid 
is, as already stated, that which was already present in the condensa- 
tion compound, we next prepared ethylic isobutylanhydrodibenzil- 
acetoacetate, and subjected it to hydrolysis. Only the ethyl group 
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was removed, and isobutylanhydrodibenzilacetoacetic acid was 
formed. 

Action of Isobutylic Alcohol and Sulphuric acid on Ethylic Anhydro- 
dibenzilacetoacetate—Ten grams of ethylic auhydrodibenzilacetoace- 
tate were boiled with a mixture of 200 grams of isobutylic alcohol 
and 50 drops of concentrated sulphuric acid for five hours. About 
half the liquid was then distilled off, and the remainder poured into 
water, which occasioned the separation of a viscid mass. By repeated 
recrystallisation from a mixture of benzene and light petroleum the 
substance was obtained in minute needles melting constantly at 192°. 
Analysis of the compound, dried at 100°, gave figures agreeing with 
those required for ethylic isobutylanhydrodibenzilacetoacetate, 

O3,H»(CyH,) Og. 


0°1898 gave 0°5395 CO, and 0°1093 H,O. C = 77°52; H = 6°39. 
071842 ,, 05235 CO, ,, 0:1044H,0. C = 77°51; H = 6-29. 
C.sH:,0, requires C = 77°55; H = 6°12 per cent. 

In a subsequent preparation of this compound we obtained a small 
quantity of a substance identical in appearance with the foregoing, 
but melting constantly at 202°. As it gave practically the same 
figures on analysis (Found: C = 77°57; H = 669 per cent.), the 
hydrogen alone being somewhat higher, we assumed that it was the 
same compound, but in a purer condition, and in a preliminary note 
(Proc., 1895, 147) we gave 202° as the melting point of the com- 
pound. It is possible, however, that this second substance may be 
isobutylic isubutylanhydrodibenzilacetoacetate, CyHyOQ. (Calculated : 
C = 77:92; H = 6°49 per cent.), formed from the ethylic ester by 
the displacement of ethyl by isobutyl under the influence of the 
sulphuric acid. We must, therefore, leave the question of the correct 
melting point open. 

Isobutylanhydrodibenzilacetoacetic acid.—The hydrolysis of ethylic 
isobutylanhydrodibenzilacetoacetate (m. p. 192°) was carried out ex- 
actly as in the case of the ester already described, except that, as 
the potassium salt did not separate so readily in the present case, the 
solution in alcoholic potash was diluted with water, warmed until 
any salt redissolved, and precipitated with dilute sulphuric acid. 
The new acid was somewhat difficult to purify. From its solution in 
benzene it was deposited in dark-coloured crystals. The best result 
was obtained by dissolving the acid in boiling ethylic acetate and 
dilating with light petroleum. The substance was deposited in 
colourless slender needles melting constantly at 237°. Analysis of 
the compound, dried in a vacuum desiccator, gave figures agreeing 
with the formula of iso butylanhydrodibenzilacetoacetic acid, 

C vH.3(C,Hy) Os. 
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0°1634 gave 0°4613 CO, and 0:0863 H,0. C = 76°99; H = 5°84. 
01741 ,, 04928 CO, ,, 00907 H.0. C=7719; H = 5°78. 
CyH;,0, requires C = 77:14; H = 5:71 per cent. 


The silver salt and the barium salt were prepared like the corre- 
sponding salts of the ethyl acid. 

The silver salt was obtained as a white precipitate. It was dried 
in a vacuum desiccator. 

0°2908 gave, on ignition, 0°0462 Ag. Ag = 15°88. 

C,,H;,0,Ag requires Ag = 16°19 per cent. 

The barium salt was recrystallised from dilute alcohol, from which 

it was deposited in slender needles. It was dried at 100°. 


04362 gave 0°0792 BaSO,;. Ba = 10°68. 
(C.;H;,0,).Ba requires Ba = 10°92 per cent. 


Oxidation of Ethylic Anhydrodibenzilacetoacetate.—Ten grams of the 
condensation compound were dissolved in glacial acetic acid, and to 
the warm solution 10 grams of chromium trioxide, also dissolved in 
glacial acetic acid, were gradually added. Considerable heat was 
evolved, and the reaction was completed without further warming. 
Addition of water precipitated an organic substance, which was 
separated by filtration and treated with a solution of sodium carbon- 
ate to remove acids; the residue was apparently chiefly unchanged 
substance. The acids were reprecipitated with sulphuric acid and 
treated with a little ether to remove benzoic acid; the organic acid 
which remained was dissolved in ethylic acetate, and light petroleum 
added ; the solution deposited slender needles melting constantly at 
200° with evolution of gas. The yield of acid in different prepara- 
tions was not more than from 1 to 1°5 gram from LO grams of the 
condensation compound. Aualysis gave figures which led to the 
formula C2.H,,.Q,. 

0°1492 gave 04208 CO, and 0°0640 H.0. C = 76:92; H = 4°76. 

0'19382 ,, 05456 CO, ,, 0°0794 H,O. C = 77:02; H = 456. 

C.H,.O, requires C = 76°74; H = 4°65 per cent. 

The silver salt was prepared by precipitating an aqueous soluticn 
of the ammonium salt with silver nitrate. It formed a white powder 
which did not darken appreciably at 100°. 

0°4437 gave, on ignition, 01028 Ag. Ag = 23°70. 

C»H,,0,Ag requires Ag = 23°95 per cent. 

We give reasons later on for regarding this acid as phenyldibenzoyl- 

acetic acid. ? 


Action of Heat on Phenyldibenzoylacetic acid.—In order to ascertain 
the nature of the decomposition occurring at the melting point of 
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this acid, 5 grams of the substance were introduced into an Anschiitz 
distilling flask (with receiver fused on), the flask was exhausted by 
means of a Sprengel mercury pump, and then heated to 200°. At 
this temperature a gas was evolved, which was found to be pure 
carbon dioxide; the fused acid assumed a deep violet colour. As 
soon as the evolution of gas had ceased the residue was distilled 
under reduced pressure; it passed over at 300—305° under a pressure 
of about 15 mm. The distillate, which formed a clear brown resin, 
was dissolved in hot alcohol; from a dilute solution it was deposited 
in flat needles melting constantly at 119—120°. The yield in the 
foregoing experiment was only 15 gram. The substance is in- 
soluble in’ aqueous caustic alkalis. Amalysis gave figures agreeing 
best with the formula C.,H,,O,, the compound having been formed 
from the acid according to the equation 


CHO, = CHO, + CO. 

01250 gave 0°3856 CO, and 0°0574 H,O. C = 8413; H = 5:10. 
01024 ,, 03162 CO, ,, 0°0492 H,O. C = 8420; H = 5:33. 
C.,H,.O. requires C = 84:00; H = 5°33 per cent. 

The following formule might express the constitution of the acid 
and its product of decomposition. ® 
C.H;'CO C.H.GO 
C.H,'C-COOH and C.Hs-CH 
C,H; CO C,H;;CO 
Phenyldibenzoylacetic acid. Phenyldibenzoylmethane. 
The following considerations appear to favour the foregoing formula 
for the acid. 
The condensation compound, CyH,.O,, being formed according to 
the equation 
2C,,H,O2 + CeHwO; = C34H20. + H.0, 
Benzil. Ethylic aceto- 
acetate. 
must contain in its molecule four Cs;H;C groups derived from benzil. 
In the oxidation of the compound each C,H;°C group, if removed, 
must be removed as a whole. In the formation of an acid of the 
formula C..H,,O0,, one C,H,;'C group has been so removed. The three 
which remain account for C,,H,, that is, for all the carbon and 
hydrogen in the molecule of the acid except the one atom of each of 
these elements required for the carboxyl group. This carbon atom 
of the carboxyl group is all that remains of the molecule of ethylic 
acetoacetate. The foregoing mode of formulating the acid as phenyl- 
dibenzoylacetic acid seems, therefore, to be the most natural. Indeed, 
the only alternative constitution, so far as we can sce, would be 
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C.H;-CO-0-C(C,H;):C(C.H;)*COOH, which is the formula of a benzo- 


ate derived from the enolic form of deoxybenzoincarboxylic acid. 
Such a compound would, however, be readily hydrolysed to benzoic 
acid and deoxybenzoincarboxylic acid, the latter thereafter breaking 
up into deoxybenzoin and carbon dioxide; but the present acid, when 
heated with a solution of caustic alkali, is stable. Moreover, it would 
be necessary to assume the existence of this complex in the mole- 
cule of the condensation compound—an assumption quite out of 
keeping with the ease with which the latter compound regenerates 
benzil. 

It might be objected that the acid is too stable to have the consti- 
tution of a B-ketonic acid. W. H. Perkin, jun., has, however, shown 
that, although benzoylacetic acid, when heated to its melting point 
(104°), parts with carbon dioxide, dibenzoylacetic acid, on the other 
hand, melts at 109° without decomposition, and may even, in small 
quantities, be distilled undecomposed. The introduction of a phenyl 
group into the molecule of dibenzoylacetic acid would in all prob- 
ability give it the stability of the acid under consideration. 

From the formula of the acid, that of the diketone follows as a 
matter of course. 

The chief objection to this mode of formulating these compounds 
lies in the fact that the supposed diketone does not interact with 
phenylhydrazine even at the boiling point of the latter, whereas it 
might have been expected to yield with it tetraphenylpyrazole, just 
as Knorr (Annalen, 1894, 2'79, 235) has prepared tetramethylpyra- 
zole by the interaction of methylhydrazine with methylacetylacetone 
(methyldiacetylmethane). It may be, however, that there are stereo- 
chemical reasons for the non-existence of a tetraphenylpyrazole, just 
as there is a tetramethylmethane, but no tetraphenylmethane. 

The insolubility of the diketone in aqueous caustic alkalis would 
indicate that it has no tendency to assume the enolic form which is 
necessary to the formation of a pyrazole. But of course it might 
interact with phenylhydrazine without forming a pyrazole. 

Attempts which we made to introduce a benzoyl group into the 
molecule of deoxybenzoin, so as to synthesise a compound of the 
formula of the foregoing diketone, proved unsuccessful. 

If the foregoing formule are correct, it follows that, in the forma- 
tion of the condensation compound, the two benzil complexes become 
united to one another by carbon bonds, and, further, that the aceto- 
acetic group enters into similar union with the resulting dibenzil 
complex. 

Reduction of Ethylic Anhydrodibenzilacetoacetate and its Ethyl and 
Isobutyl Derivatives with Hydriodic acid.—Finely powdered ethylic 
anhydrodibenzilacetoacetate was boiled for about three minutes with 
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excess of fuming hydriodic acid, shaking the flask during the whole 
operation. The substance fused. Water was then added, the liquid 
extracted with ether, and the ethereal extract was shaken with a 
dilute solution of sulphur dioxide to remove iodine, then with water, 
and finally with a solution of sodium carbonate. The latter solution 
was found not to have taken up any organic acid. During the 
process a portion of the reduction product separated from the ether 
in a crystalline form. The ether, on evaporation, left a gummy 
mass; this was dissolved in ethylic acetate, and light petroleum 
added; the liquid deposited lustrous, short prisms, which, after 
recrystallisation, melted without decomposition constantly at 187— 
188°. Analysis of substance dried at 50° gave the following figures. 


0°1736 gave 0°5732 CO, and 0°0903 H,O. C = 90°05; H = 5:77. 
071545 ,, 05096 CO, ,, 0°0823H,0O. C = 89°94; H = 5°91. 
C.,.H»O requires C = 89°84; H = 5°88 per cent. 


In our previoas note on this subject (Proc., 1895, 147) we deduced 
from these results the formula C;,H,O (calculated, C = 90°29; H = 
5°83 per cent.), assuming that, along with the reduction, there had 
been an elimination of the carbethoxyl group from the condensation 
compound, Since then, however, we have reduced the ethyl and iso- 
butyl derivatives of the condensation compound, both of which also 
yield the foregoing substance melting at 187—188°; but along with 
this we obtained from the ethyl derivative, by boiling for a short 
time with the hydriodic acid, a compound C.,H,,0, (m. p. 221°) as an 
intermediate product. The higher proportion of oxygen in this 
compound enables its formula to be calculated with greater certainty, 
and as it is converted by longer boiling with the hydriodic acid into 
the compound of m. p. 187—188°, we must assume that the latter is 
its reduction product and has the formula C.,H,,0. 

The foregoing illustrates the difficulty of dealing with some of 
these compounds. In the case of the compound containing only one 
atom of oxygen, analysis alone is incompetent to decide the formula. 
We did not attempt a Raoult determination, as the method is not 
sufficiently accurate for the present purpose. 

Neither acetic anhydride at its boiling point, nor phenylhydrazine 
in alcoholic solution at 150°, had any action on the compound 
C23H22.0>. 

The reduction in the case of the ethyl and isobutyl derivatives was 
carried out as described in the case of ethylic anhydrodibenzilaceto- 
acetate, and the mode of purification of the product was also the 
same. inthe case of the ethyl derivative we found, as just stated, 
that by boiling for a short time (under five minutes) with the hydr- 
iodic acid, a compound was obtained crystallising in needles melting 
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at 221°; whereas if the substance was boiled for longer (seven 
minutes) the compound C,,H,,0, crystallising in short prisms melting 
at 187—188° was formed. The compound melting at 221° was 
purified by crystallisation, first from ethylic acetate, afterwards from 
glacial acetic acid. Analysis gave figures agreeing with the formula 


CHO. 


0°1215 gave 0°3835 CO, and 0:0643 H,O. C = 86:08; H = 5:79. 
01388 ., 0°4384CO, ,, 00707 H.0. C = 86:14; H = 5°66. 
C.,H..0, requires C = 86°15; H = 5°64 per cent. 


The isobutyl derivative gave as chief product of reduction the 
compound C,,H»O (m. p. 187—181°) ; but along with it another crys- 
talline substance melting at 155°. The quantity was too small for 
further investigation; but the substance appeared to be identical 
with a compound melting at 155—159° obtained in the reduction of 
enhydracetonedibenzil (see following section). 

If the formule containing 28 atoms of carbon correctly express the 
composition of the reduction compounds, it is evident that the hydr- 
iodic acid completely removes the acetoacetic group from the conden- 
sation compound and its derivatives, only the dibenzil complex 
remaining. 

Reduction of Anhydracetonedibenzil with Hydriodic acid—The mode 
of formation of ethylic anhydrodibenzilacetoacetate is strictly ana- 
logous to that of anhydracetonedibenzil, which, as Japp and Miller 
have shown (Trans., 1885, 47, 34), is formed from benzil and acetone 
according to the equation 


2C0,,H)0, + C;H,O = Cs,H2,0,4 + H,O. 


It thus appeared probable that ethylic anhydrodibenzilacetoacetate 
was the carbethoxy] derivative of anhydracetonedibenzil. We therefore 
reduced the latter compound with hydriodic acid, in order to ascer- 
tain whether it would yield the same products as the former. 

The reduction was carried out as already described. A product 
was obtained which was deposited from a mixture of ethylic acetate 
and light petroleum in two forms; small, lustrous prisms melting at 
187— 188°, identical with the reduction product of ethylic anhydro- 
dibenzilacetoacetate ; and larger crystals, of pyramidal habit, melting 
at 155—159°. The two forms were separated mechanically and then 
further purified by recrystallisation. The melting points were un- 
changed. Both substances gave figures agreeing with the formula 
C.,H2,0. 


Small prisms (m. p. 187—188°). 


0°2281 gave 0°7490 CO, and 01193 H,O. C = 89°55; H = 5°81. 
C..H.,O requires C = 89°84; H = 5°88 per cent. 
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Pyramids (m. p. 155—159°), 
0°1428 gave 0°4706 CO, and 6°0758 H,0. C = 89°88; H = 5°89. 
C.,H»,O requires C = 89°84; H = 5°88 per eent. 


We also oxidised anhydracetonedibenzil with chromium trioxide in 
acetic acid solution, in order to ascertain whether phenyldibenzoyl- 
acetic acid was formed, but did not succeed in identifying this sub- 
stance among the products of oxidation. 

Constitution of Ethylic Anhydrodibenzilacetoacetate.—It is perhaps 
premature, on the strength of the foregoing very imperfect study of 
this substance, to attempt to assign to it a constitutional formula; 
and the following must therefore be regarded as merely a provisional 
expression which, as far as it goes, appears to us to account for the 
reactions here described. 

That two molecules of benzil interact with one of ethylic aceto- 
acetate must be ascribed to the fact that the latter compound contains 
two groups—methylene and methyl—both of which, owing to their 
mode of combination, are capable of undergoing condensation with 
the carbonyl groups of benzil. If we assume that the first stage of 
the interaction is the double occurrence of an aldol condensation, 
we should have, as an intermediate product, 


C.H;GO COOC.H; 


C,H» C(OH)-CH-G0 
C,H.C(OH) —CH, - 
C,H,-CO 


This hypothetical intermediate compound must then part with a 
molecule of water, and at the same time the two benzil residues must 
become united by means of carbon bonds, so as to account for the 
formation of phenyldibenzoylacetic acid on oxidation. To satisfy 
these conditions, we must assume the occurrence of some such re- 
arrangement as the following : 


C,H. G—C |H-CO 


Ethylic anhydrodibenzilacetoacetate. 


The portion of the formula enclosed by the dotted line represents 
that part of the molecule which, in the process of oxidation, forms 
phenyldibenzoylacetic acid. In this process, the lower benzoyl 
group in the formula is removed in preference to the upper, because 
it is attached to a carbon atom which is already partially oxidised. 
The sodium derivative on the one hand, and the alkyl derivatives 
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on the other, in which, as has been shown, metal and alkyl replace 
different hydrogen atoms of the condensation compound, are to be 


regarded as derived from two distinct enolic forms of the fore- 
going. 


C,H;° O COOC,H; C.Hs'CO ¢ooc.H, 

C,.H;° 7—C—G(ONa) CeHs-C—CH-C(0C,Hs) 

C.HsG—O—CH, C,H;;C—O—CH 

C,H;° CO C,H;° O 

Ethylic anhydrodibenzil- Ethylic ethylanhydrodibenzil- 
sodacetoacetate. acetoacetate. 


The sodium compound being formulated on the analogy of ethylic 
sodacetoacetate ; the ethyl derivative on a different type. These 
formule would explain why the ethyl derivative cannot be obtained 
by the action of ethylic iodide on the sodium compound; also why the 
alkylated acids are stable, and anhydrodibenzilacetoacetic acid itself 
so unstable that it could not be obtained from its ester; the reason 
being that the latter acid is a §-ketonic acid, whilst the alkylated 
acids are substituted unsaturated acids. 

An objection might be raised to the foregoing formula for ethylic 
anhydrodibenzilacetoacetate on the ground that in a compound of 
this constitution, the acetoacetic group should not be removable by 
hydriodic acid. A precisely similar separation of carbon from 
carbon in the course of a hydriodic acid rednction has, however, been 
observed by Japp and Wadsworth (Trans., 1890, 5'7, 971) in the case. 
of paradesylphenol, se OH sseal where a separation of the 
desyl group from the nucleus of the phenol occurs. Moreover, as 
the carbon atom of the carboxyl group of the phenyldibenzoylacetic 
acid obtained from ethylic anhydrodibenzilacetoacetate by oxidation, 
is furnished, as we have already shown, by the ethylic acetoacetate, 
the existence of this carbon linkage must be granted. 

The constitutional formula of anhydracetonedibenzil, Cs,H,,0,, may 
be derived from that of ethylic anhydrodibenzilacetoacetate by sub-. 
stituting hydrogen for the carbethoxyl group. 

In conclusion we may call attention to the totally different charac-. 
ter of the interaction of ethylic acetoacetate with benzil and phen-. 
anthraquinone respectively. In the latter case, one molecule of each. 
substance takes part in the condensation. 


CyuH,0, + CcHy»O; - C»oH.O, + H,0 
Phenanthra- Ethylic Ethylic phenan- 
quinone. acetoacetate. throxyleneacetoacetate. 


(Japp and Streatfeild, Trans., 1883, 43, 27 ; Japp and Klingemann,. 
Trans., 1891, 59,1). In fact, there are hardly any reactions in the: 
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whole range of organic chemistry more erratic than the condensations 
of the a-diketones with ketones and ketonic acids; it is hardly possible 
to say beforehand what course the reaction will take in any particular 


case. 
The study of the condensation of benzil with ethylic acetoacetate 
was begun in 1888 by one of us in conjunction with Dr. Felix 


Klingemann, who prepared the condensation compound and its ethyl 
derivative ; but, owing to pressure of other work, it was at that time 


postponed. 


Chemical Department, 
University of Aberdeen. 


XLIV.—Electrolysis of Potassium Allo-ethylic Cam- 
phorate. Part II. 
By James Watker, Ph.D., D.Sc., and James Henpersoy, B.Sc., 
University College, Dundee. 


In our former communication (Trans., 1895, 6'7, 337), we showed 
that the chief products of the electrolysis of a concentrated aqueous 
solution of potassium allo-ethylic camphorate are the ethylic salts of 
a monobasic acid, C,H,,O., and of a dibasic acid, CisH30,, to which 
we gave the names of allo-campholytic and allo-camphothetic acids 
respectively. Besides these ethereal salts, the presence of others 
was indicated, and an attempt has now been made to isolate some 
of them. d 

A quantity of potassium allo-ethylic camphorate was prepared, and 
electrolysed in the manner described in our previous paper, the 
ethereal product obtained being then subjected to repeated fractional 
distillation, first under diminished pressure, and, finally, at the pres- 
sure of the atmosphere. In order to ascertain the probable positions 
of the different ethereal liquids in the fractions boiling below 265° at 
760 mm., the sp. gr. and the rotatory power of each fraction of 5° 
were determined. The density at 16°/4° increased continuously from 
0949 for fraction 200—205°, to 1:043 for fraction 260—265°. The 
rotatory power, on the other hand, exhibited much greater variation, 
falling from [a]p = +29°8 for 200—205° to a minimum of 14:7 for 
230—235°, thereafter increasing rapidly to 41°4 at 255—260°, again 
to diminish in the fractions with higher boiling points. 

By far the largest fractions were obtained in the neighbourhood of 
200°, the chief product being, as before, the ethylic salt of allo- 
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campholytic acid, which boils at 204°. The rotatory power on this 
occasion, however, fell far short of the specific rotation of the ethylic 
allo-campholytate formerly prepared. We found (loc. cit., 340) for 
this substance [2]p = +39°1, whilst for the fraction 200—205° we 
have now only [a]p = +29°8. We were at first inclined to attribute 
this difference to a diminution of the rotatory power caused by the 
repeated distillation, but on redistilling the ethereal salt several 
times the rotations remained practically constant. It was, therefore, 
probable that in this fraction of nearly constant boiling point there 
were at. least two isomeric substances whose boiling points were close 
together, but whose rotatory powers lay widely apart, one of them 
being ethylic allo-campholytate with the rotation of at least +39, 
the other an isomeride with a much smaller positive, or even a 
negative rotation. 

It is not surprising that the ethereal salt with negative or small 
positive rotatory power should be present in the product of the 
second electrolysis in greater proportion: than was the case in the 
first experiment; for it has been repeatedly shown that very slight 
variations in the conditions of electrolysis may cause considerable 
variations in the relative quantities of the products obtained. The 
specific rotation [a]p = +391 given for ethylic allo-campholytate is 
doubtless somewhat too low, for the isomeric substance was not 
altogether absent, even in the first electrolysis, although, as will 
presently appear, the amount of this impurity must have been small ; 
the actual number, therefore, can only be slightly higher than that 
given. 

During the distillation of the acid obtained by saponifying the 
ethylic campholytate with alcoholic potash and acidifying, we had 
previously been struck by the appearance in the condensed liquid of a 
dark green coloration, which vanished on heating. No explanation of 
this was found at the time, but the repetition of the experiment with 
the second supply of material served to account for the phenomena 
observed. The fractions boiling below 210°, 54 grams in all, were 
heated for two hours on the water bath with 30 grams of caustic 
potash dissolved in alcohol; the alcohol was distilled off, and 
steam passed through the residue in order to remove any unaltered 
ethereal salt. Excess of hydrochloric acid was then added to liberate 
the allo-campholytic acid, and this was extracted from the aqueous 
liquid with ether, dried, and fractionated at the ordinary pressure. 

On distillation, practically nothing passed over until the tem- 
perature approached 200°, when lively ebullition set in, the thermo- 
meter fluctuating unsteadily between 170° and 200°, according to the 
size of the flame employed. As the amount of liquid distilling over 
seemed much greater than corresponded to the heat supply, the 
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flame was removed, and it was observed that the ebullition went on 
for a considerable time spontaneously, the temperature registered by 
the thermometer remaining fairly constant at 170°. The liquid in 
the distilling flask did not blacken, and the distillate was of the 
green colour previously noticed. These results could only be ex- 
plained by the assumption that decomposition had taken place, a 
supposition which was confirmed by the fact that the uncondensed 
gas passing into the receiver was almost pure carbonic anhydride. 

After a time, the decomposition ceased and the temperature rose 
rapidly to 230°, by far the greater part of the liquid distilling over at 
232—235°. This portion consisted of allo-campholytic acid (b. p. 
233—235°). The lower boiling portions were then refractionated, 
and it was plainly evident that decomposition had occurred, for now 
the liquid passed over almost completely between 120° and 124°, the 
slight residue left being of much higher boiling point. On redis- 
tillation, the liquid boiled at 120—122°. 


Hydrocarbon, CgHyy. 


The distillate thus obtained was a light neutral oil of pleasant, 
aromatic odour, and of a feeble yellow colour. On exposure to air 
its colour deepened to brown, and occasionally, on distillation, a fine 
green was developed in the condensed liquid. From its boiling point 
and neutral character, the substance appeared to be a hydrocarbon, 
probably unsaturated on account of its alterability on exposure to 
air. As the other product of the decomposition was carbonic an- 
hydride, and as no blackening or other sign of complete destruction 
of the molecule occurred, the action was probably the splitting up of 
an isomeride of allo-campholytic acid’ by heat, according to the 
equation ‘ 
C,H,,;COOH = C,Hy + CO. 


Elementary analysis supported this conclusion. 


0°0543 gave 0°1726 CO, and 0-0628 H,O. C = 86:7; H = 12°8. 
C,H, requires C = 87°3; H = 12:7. 

The unsaturated nature of the hydrocarbon was rendered evident 
by its action on alkaline permanganate and on bromine, both of 
which it at once decolorised. ;, 

The ethereal product of electrolysis, boiling at 200—210°, thus con- 
tains the ethylic salts of two acids, one of which, allo-campholytic 
acid, may be distilled unchanged; whereas the other isomeric acid 
breaks up at about 200° into the hydrocarbon, CsHy, and carbonic 
anhydride. Very little of the latter acid was present in the product 
of our first electrolysis, for the hydrocarbon derived from it existed 
in such small quantity that it was not detected in the distillation, 
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although it imparted its colour (or rather that of its oxidation pro- 
ducts) to the distillate. 

References to hydrocarbons of the formula C,H, are frequent in 
the literature of camphoric acid and its derivatives. The following 
table gives the origin, boiling point, and density of the hydrocarbons 
obtained by various investigators. 


Reference. Source. -p- Sp. gr. 


. Wreden, .4unalen, 1877, 187, f Camphanic acid 
iy ee Camphoric acid 
’ Reyher, Inang aug. Diss, iat Camphanic acid.. —_ 
. Aschan, Annalen, "1896, 290, 
1BB oesescee » 
. Noyes, Ann. Chem. Tor our., | | Aminolauronic 
1895, 17, 432 .... eee acid ..... 
Sulphocamphylicy 
acid .... 


0°793 at 19°/4° 


0°802 at 18°/4° 
0802 at 15°/4° 


. Kenigs and Meyer, an 


1894, 27, 3470 .... 0... 108—110 | 0°795 at 15° 


Isocampholytic. 
acid . 


acid . é os bi 


. Moitessier, Jahresber., 1866. veeeee camphor} 105 0-793 


. Damsky, Ber., 1887, 20, 2959 Sulphocamphy oy 108-110 | 0°795 at 11°/11° 
. Wreden, loc. cit. .... iGeaehedte acid...| 104 —107 | 0°800 at 0° 


It would appear from these results that there are (apart from 
stereoisomeric consideratious) two hydrocarbons, CsHy, derivable from 
camphoric acid, one boiling at about 120°, the other at about 108°. 
Both may be obtained from-camphoric acid or its salts directly, but 
when the source is an acid derived from camphoric acid, then only 
one of the hydrocarbons is generated. Thus camphanic acid and 
aminolauronic acid yield the hydrocarbon boiling at 120°, whilst 
sulphocamphylic acid and isocampholytic* acid yield the other iso- 
meride. This corresponds to the genetic relations of the different 
substances. There are genetically connected with each other two 
series of camphoric acid derivatives. To one series belong campho- 
lytic acid, sulphocamphylic acid, iso-campholytic acid; to the 
other’ allo-campholytic acid, aminolauronic acid, lauronolic acid, 
camphanic acid, and the campholactones. The hydrocarbon boiling 
at 108° is derivable from the compounds of the first series; the 
hydrocarbon boiling at 120° from the compounds of the second. 


* The nomenclature of the isomeric acids, C,H,,;-COOH, is at present somewhat 
confused. Four isomerides are known: (1) campholytic acid = cis-trans-campho- 
lytic acid (Noyes); (2) isocampholytic acid = cis-campholytic acid (Noyes) = 
isolauronolic acid (Kenigs) ; (3) allocampholytic acid = y-lauronolic acid (Noyes) ; 
(4) lauronolic acid. 

VOL. LXIX. 3 E 
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Now, the difference between the two series is that the compounds 
of the first retain one of the two carboxy] groups of camphoric 
acid, whilst the compounds of the second retain the other carboxyl 
group of the original substance. It is true that camphanic acid 
retains both, but on heating it loses one with formation of lauronolic 
acid, so that it may be ranked along with that compound. By the 
electrolysis of sodium ortho-ethyl camphorate, campholytic and iso- 
campholytic acids are produced ; by the electrolysis of sodium allo- 
ethyl camphorate, we obtain allo-campholytic acid and the isomeric 
acid which decomposes with formation of C,Hy. As the latter acid 
must also have its carboxyl group in the allo-position, the hydro- 
carbon derived from it should correspond to the second series of 
hydrocarbon derivatives, that is, be identical with that obtained from 
camphanic acid. This conclusion is borne out in the first place by 
the boiling-point of our hydrocarbon which is 120—122°, no indica- 
tion of a substance of lower boiling point being observed. 

The hydrocarbon obtained from camphanic acid according to the 
equation 

CioH.O, = CsHy + 2C0,, 

has been recently thoroughly investigated by Aschan (loc. cit.), who 
has given to it the name lawrolene. The quantity of substance at 
our disposal was unfortunately too small to enable as to effect an 
accurate numerical comparison of its physical properties with those of 
laurolene, but the general resemblance leaves little doubt as to their 
identity. The density of our hydrocarbon at 16°/4° was found to be 
0°798 ; that of laurolene at 18°/4° is given by Aschan as 0°802°. The 
hydrocarbon obtained by us was optically active, rotating the plane 
of polarisation to the left. Aschan gives [a];= —23:0 as the 
specific rotatory power of laurolene. We had not sufficient material 
to determine the rotatory power of our substance in the pure state, 
but we found that in 25 per cent. ethereal solution (by volume), its 
specific rotatory power was [a |p = —29°2. 

The chemical properties of the two substances are exactly alike. 
Besides those already mentioned, depending on the unsaturated 
nature of the compound, we may refer to the behaviour of the 
hydrocarbon towards nitric acid. Wreden, who originally prepared 
the substance of boiling-point 120°, states that, when gently warmed 
with a mixture of nitric and sulphuric acids, it is partially converted 
into trinitrometaxylene. Aschan on the other hand found that 
laurolene was violently acted on by strong nitric acid alone, and also 
by a mixture of nitric and sulphuric acids, but by cooling with ice, he 
succeeded in moderating the action, and on subsequent careful warm- 
ing found that the hydrocarbon disappeared. The whole product, 
however, was then soluble in water, with the exception of a “ scarcely 


POTASSIUM ALLO-ETHYLIC CAMPHORATE, 


weighable flocculent precipitate.” The behaviour of our hydro- 
carbon was similar. When added to a nitrating mixture, it was at 
once attacked with evolution of torrents of red fumes, and if the 
mixture contained in a flask were even slightly above the laboratory 
temperature, the addition of a drop of ‘the hydrocarbon was followed 
by a flash and sharp report. By keeping the mixture in ice and 
allowing the action to proceed slowly we arrived at the same result 
as Aschan—on pouring into water nothing separated but a few flocks 
of a pale yellow substance in quantity too small to be collected. 

When this behaviour is compared with that of Wreden’s hydro- 
carbon, apparently prepared by the same method as that employed 
by Aschan, the contrast is great. There can be no reasonable doubt 
that Wreden actually obtained trinitrometaxylene from his hydro- 
carbon, for he gives the analysis of the product, and the yield (10 per 
cent. of the hydrocarbon taken) ; and he nowhere indicates that the 
nitration presented any difficulty, merely stating that he warmed 
with a mixture of nitric and sulphuric acids. 

These seemingly contradictory results may yet, we think, be recon- 
ciled. Wreden first of all prepared the hydrocarbon of boiling-point 
120° from camphanic acid (Annalen, 1872, 163, 336) and partially 
investigated its properties. In his later paper, however (Annalen, 
1877, 187, 171), he continued his investigation with a hydrocarbon 
prepared by the action of hydriodic avid of sp. gr. 1‘7 on camphoric 
acid at 200°. <A previous experiment had shown that camphoric acid 
on heating at 200° with hydrochloric acid saturated at 0°, yields 15 
per cent. of a hydrocarbon, which he analysed, and states to be a 
mixture of C,H,, and C,Hy. These compounds he looked upon as 
being produced from camphoric acid according to the equations 


7 Cy Hy.O, — C.,Hy + H,0 + co + CO.. 
II. CHO, = C.Hi, + 2CO,. 


A consideration of his analytical results indicates that the mixture 
must have contained a large proportion of C,H, possibly as much as 
half. The yield of hydrocarbon when hydriodic acid was used instead 
of hydrochloric acid he found to be much more satisfactory—equal 
to 31 per cent. of the camphoric acid taken, so that he adopted this 
method of preparing the substance. Although he explicitly notes 
that the hydrocarbon C,H, produced in this way contains an 
admixture of C,His, he curiously enough proceeds with the deter- 
mination of its properties as if it were C,Hy, without any further 
purification than simple distillation. Now, this process is entirely 
inadequate to separate the two hydrocarbons, for the boiling point 
of CsHis is given by Wreden himself as 117—120° (Annalen, 1877, 
187, 157), and that of C,H, from camphanic acid as 119°. With 
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regard to the quantity of C,Hi, probably present in the mixture of 
hydrocarbons studied by Wreden, the following considerations may 
be adduced. In the first place the poportion of C,H, in the hydro- 
carbons obtained from camphoric acid by treatment with hydro- 
chloric acid is at least 30 per cent., so that when a hydrogenising 
agent like hydriodic acid is substituted for hydrochloric acid, one 
would expect the proportion of the more highly hydrogenised pro- 
duct to be still greater. Secondly, Wreden prepared pure C,H, from 
camphoric acid with hydriodic acid of the same specific gravity as 
above by simply prolonging the time of heating at 200°. It is 
evident, then, that the hydrocarbon which Wreden subjected to nitra- 
tion consisted to a great extent, probably much more than half, of 
the saturated cyclic hydrocarbon, CsHj. Unfortunately he made no 
analysis of this product, but contented himself with a determination 
of its vapour density, which of course is worthless as a distinction 
between two substances so nearly equal in molecular weight as C,H, 
and C,H. Wreden (loc. cit., p. 159), Aschan (Ber., 1891, 24, 
2722), and Wallach (Ber., 1892, 25, 922), have proved that the 
hydrocarbon C,H. yields trinitrometaxylene on treatment with a 
nitrating mixture, so that it is practically certain that the trinitro- 
metaxylene obtained by Wreden was not produced from the hydro- 
carbon C,H, but from the saturated hydrocarbon, C,;H,., which was 
undoubtedly mixed with it. The apparent contradiction, then, 
between the results of Wreden on the one hand, and of Aschan and 
ourselves on the other, may, we think, in this way be removed. 

Attempts to oxidise the hydrocarbon C,H, led in our hands to the 
production of only the simple organic acids resulting from almost 
entire destruction of the molecule. The experience of Aschan with 
laurolene is similar. 

When sodium carbonate acts on the dibromide of campholytic acid, 
a bromo-hydrocarbon, C,H);Br, is produced (Walker, Trans., 1893, 63, 
502). Since campholytic acid belongs to the first or ortho-series of 
camphoric acid derivatives mentioned above, the corresponding hydro- 
carbon C,H, is that boiling at 108°, so that we should expect the 
bromohydrocarbon to be a derivative of this substance and not of 
laurolene, which boils at 120°. A consideration of the boiling points 
confirms this view ; CsH,;Br boils (with some decomposition) at 176°, 
The difference of boiling point caused by the substitution of a 
bromine for a hydrogen atom may be seen in the closely analogous 
case of normal octane, C,H\s, and secondary bromoctane, O,H,,Br. 
The former boils at 125°, the latter at 190°, the difference being 65°. 
If we subtract this difference from the boiling point of C,H,;Br, we 
obtain 111°, a number pointing to the lower boiling hydrocarbon, 
C,H, as ‘the substance to which the bromo-derivative is related. 
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Acid, C,5H,,0;, m. p. 228°. 

The fractions of the ethereal product of electrolysis boiling 
between 240° and 260°, that is, those at and near the second 
maximum of rotatory power, gave a well characterised acid on sapo- 
nification with alcoholic potash. After the alcohol had been removed 
in the ordinary manner, the addition of hydrochloric acid to the 
aqueous solution of the potassium salt caused the separation of a 
brownish oil, which was isolated by the usual processes and subjected 
to distillation; the bulk of the liquid passed over between 260° and 
290°, little residue being left. The distillate was dark brown, but 
perfectly transparent, and no evidence of decomposition was observed. 
On standing for some time, the oil solidified to a soft, brown, crystal- 
line mass, which was boiled for three quarters of an hour with water 
and animal charcoal. On filtration, a small quantity of a yellow oil 
ran through with the aqueous solution, but this was separated by a 
second filtration, and partially solidified on cooling. From the 
aqueous solution, colourless crystals were deposited, and, on evapora- 
tion, the mother liquor yielded a second crop. These crystals were 
purified by dissolving them in benzene, and precipitating the solu 
tion thus obtained with light petroleum. After a repetition of this 
process, the melting point no longer changed, the substance then 
melting sharply at 228° (corr.). The following numbers were 
obtained on the analysis of different fractions. 


0°1026 gave 0°2369 CO, and 0:0760 H,O. C = 63:00; H = 8:23. 

071808 ,, 0°4222 » 01347 , C= 63°68; H'= 828. 

01686 ,, 03911 » 01275 ,, C= 63:26; H = 8:40. 
C,H,,O; requires C = 63°53; H = §-24 per cent. 

The substance had thus the composition C,H,,O,, that is, it con- 
tained 1 atom of oxygen more than campholytic acid and its iso- 
merides. Its acid nature was evident from its ready solubility in the 
weakest alkalis. For neutralisation, 0°0972 gram required 5°68 c.c. 
of a decinormal solution of baryta, corresponding with 0°584 per cent. 
of replaceable hydrogen in the acid, the amount required by the 
formula C,H,;0‘COOH being 0°588 per cent. 

The acid is fairly soluble in cold water (100 parts of the solvent at 
17° dissolving 1-4 part acid), and very soluble in boiling water. It 
is soluble in ether, alcohol, acetic acid, chloroform, acetone, and 
benzene, very soluble in methylal, and almost insoluble in cold light 
petroleum. It melts at 228° (corr.), and begins to sublime, without 
darkening, at 260°—above this temperature, it rapidly becomes 
brown, boiling freely at about 280°. It does not decolorise bromine 
in chloroform solution, either in the cold or at the boiling point of 
the solvent. In sodium carbonate solution, it is not attacked by 
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potassium permanganate at the ordinary temperature, although, on 
warming, the colour of the permanganate disappears. These reac- 
tions show that the acid contains no ethylene linking. Its solution 
gave no coloration with ferric chloride, and did not reduce ammoniacal 
silver nitrate. 

A solution of the sodium salt of the acid gave no precipitate with 
calcium chloride or barium chloride. The silver salt was obtained in 
the form of a curdy white precipitate, which blackened when the 
liquid containing it was boiled. Copper sulphate gave a light green 
precipitate, which dissolved on heating; and lead nitrate a white, 
crystalline precipitate, also soluble when the mixture was heated. A 
reddish-brown precipitate was obtained with ferric chloride, which 
did not dissolve on boiling. 

The behaviour of the acid towards bromine and to potassium per- 
manganate is sufficient to show that it is a saturated ring compound. 
It cannot, therefore, be a hydroxy-campholytic acid, but must rather 
be a keto-derivative of dihydrocampholytic acid. This supposition 
receives confirmation from its behaviour on treatment with phenyl- 
hydrazine. A solution of phenylhydrazine in excess of aqueous 
acetic acid was heated at 100° with the acid C,H,,0;; after half an 
hour, a precipitate began to appear, and, at the expiration of an hour, 
a sufficient quantity of yellow crystals had separated to permit of 
their removal and purification. After recrystallisation from glacial 
acetic acid and from aqueous alcohol, the compound melted at 
165—168°, when heated rapidly. It is soluble iu glacial acetic acid, 
chloroform, benzene, ether, and alcohol, but only very sparingly in 
light petroleum. It dissolves readily in sodium carbonate solution, 
and is reprecipitated on the addition of acetic acid. 

These results, we think, justify us in concluding that the substance 
C,H,O; is an allo-ketodihydrocampholytic acid, with the ketonic 
group, most probably, in the y-position with respect to the carboxy] 
group. Our reasons for thus locating the -CO- group are as follows. 
In the first place, the electrolysis of the metallo-ethereal salts of cam- 
phoric acid yields unsaturated acids with the ethylene linking in the 
aB- and By-positions. Unless, therefore, we are to assume that complex 
intramolecular changes take place, the carbonyl group of the ketonic 
acid must be in the f- or the y-position with respect to the carboxyl 
group. But the properties of our acid are entirely different from 
those of a £-ketonic acid; and in addition it is derived from the allo- 
ethylic camphorate, which, as has been pointed out, is genetically 
connected with such -compounds as camphanic acid and campho- 
lactone, so that we may assume the acid to contain the grouping 


-CO-CHy-G-COOH. 
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The formation of the ordinary products of electrolysis of salts of 
saturated carboxylic acids may be most easily explained by the interac- 
tion of the negative ions at the anode (compare Annalen, 261, 167; 
2:74, 41; Trans., 61,10; 63,495; 6'7,337, 768), Atthe same time, 
there is interaction of the anion with water, oxygen being thereby 
produced, which is either liberated as such or goes to perform work of 
oxidation. The oxidation at the anode is very frequently complete, 
the products being carbonic anhydride and water. Occasionally, 
however, the oxidation is not so far-reaching, and, as von Miller and 
Hofer have shown (Ber., 1894, 27, 461), aldehydes and ketones are 
then not uncommon oxidation products. The formation of the ethylic 
salt of a monobasic ketonic acid on the electrolysis.of the sodium 
ethylic salt ofa dibasic acid is thus not altogether without analogy, 
and in this case it is of interest on account of the simple relation the 
compound bears to one of the normal products of reaction between 
the anions, containing as it does only one more oxygen atom in the 
molecule than ethylic allo-campholytate. 


Constitution of Camphoric acid. 


In former papers (Trans., 1893, 63, 506, and 1895, 6'7, 345), it was 
pointed out that the results of the electrolysis of the metallo-ethereal 
camphorates were most simply explained on the hypothesis that 

Hy 
camphoric acid contains the complex -C—(-COOH. The nature of 
—¢.COOH 
the ketonie acid described above now enables us to assign with some 
probability the position of another hydrogen atom in the molecule. If 


it contains the group ~CO-CH,-0-COOH, then camphoric acid must 
Hu 
contain the complex H-C—-COOH. The only published formula 
—¢-COOH 
for camphoric acid which agrees with this deduction is that of 
Armstrong (Trans., 1879, 35, 757), 


the position of the complex being indicated by the dotted lines. 
We may summarise in the following table the information regard- 
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ing the constitution of camphoric acid and its derivatives which is 
afforded us by the electrolysis of the metallo-ethylic camphorates. 
Each group in the actual compound is united with a residue C,H). 
The ortho- and allo-carbon atoms have been marked only in the case 
of camphoric acid itself, their position being supposed to remain 
unchanged throughout the series. 


bs, 
ortho- CH:COOH 
allo- -C-COOH 
Connphiebte acid. 
Ortho-series. - Allo-sertes. 
bx 
CH-COOEt 
-C-COONa 
Sodium ortho-ethylic camphorate. Sodium allo-ethylic camphorate. 
et 4. 
C-COOH C 
-C -C:COOH 
Campholytic acid. ihileaimphelptic acid. 


(i 
-C:COOH 
| 
Ketonic acid, C,H, 403. 


| 
| 
| 
| 


| 
C,H,,Br, b. p- 176°. 


Noyes has shown that iso-campholytic acid has the same structure 
as campholytic acid. Lauronolic acid probably has the same consti- 
tution as allo-campholytic acid, and so too the acid which we found to 
split up into C,H, and CO,; the possibility existing that the latter 
acid may prove identical with lauronolic acid, the data concerning 
which are still somewhat meagre, 

The results obtained by Noyes in his investigation of the camphor- 
amic acids, and by Aschan in his stady of the decompositions of bromo- 
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camphoric anhydride are in complete accordance with the structural 
conclusion arrived at in considering the electrolytic decomposition of 
the camphorates. Any satisfactory camphoric acid formula must 
therefore account for these mutually confirmatory results. The 
formule recently proposed by Bredt, Tiemann, and Marsh and 
Gardner take no account of this work, and cannot be brought into 
harmony with it. When all the evidence is reviewed, it seems that 
we must at present be content to say with Aschan (Acta Soc. Scient. 
Fennice, 1895, 21, No. 5) that “no formula for camphoric acid 
hitherto proposed completely accords with all the known facts.” 


XLV.—The Explosion of Cyanogen. 
Py Professor H. B. Dixon, M.A., F.R.S., E. H. Srranoe, B.Se., and 
E. Granam, B.Sc. 


THE experiments described in this paper were undertaken to obtain 
information on the course of the changes occurring when carbon is 
oxidised ; the oxidation of cyanogen was chosen for investigation as 
being comparatively simple. 

In 1886, one of the suthors read a paper before the Chemical 
Society on the burning of cyanogen (H. B. Dixon, Trans., 1886, 49, 
384). In that paper, it was shown (i) that a spark of considerable 
intensity was required to initiate an explosion in mixtures of 
cyanogen and oxygen; (ii) that the presence or absence of moisture 
made no difference in the readiness with which such mixtures were 
exploded ; and (iii) that the combustion was complete when sufficient 
oxygen was present to barn the carbon to carbonic acid. 

Later experiments (Phil. Trans., 1893, 184, 97) on the rate of 
propagation of the “explosion-wave”’ in gases led to the view that, 
in tbe combustion of substances containing carbon, the carbon is first 
burnt to carbonic oxide, which subsequently is burnt to carbonic 
acid. In the case of cyanogen, the velocity of the explosion-wave is 
far higher when the gas is half burnt to carbonic oxide than when 
there is enough oxygen present to completely burn it. The carbonic 
oxide found after the explosion of cyanogen with its own volume of 
oxygen may be formed either by the direct burning of the carbon 


C.N;, + O, = 2CO + N,, 


or by the burning of half the carbon to carbonic acid, and its 
subsequent reduction by the rest of the carbon, or by unburnt 
cyanogen :— 


DIXON, STRANGE, AND GRAHAM: 


I. C.N, + O, = CO, + C + N:, 
II. CO, + C = 2C0, 


I, C.N2 + 20, = 2CO, + N,, 
II. C,.N, + 2CO, = 4CO + N;. 


Now if half the carbon could burn directly to carbonic acid in the 
wave front, there seems no good reason why the second half should 
not burn in the same way if sufficient oxygen were present.* We 
should expect, therefore, that the velocity of the wave would be 
greatest when the cyanogen was completely burnt. But this is not 
the case. 

Again, the substitution of inert nitrogen, for the extra oxygen 
required to complete the burning, produces less retardation than the 
same volume of oxygen; so far as the propagation of the wave is 
concerned, the second molecule of oxygen is as inert, weight for 
weight, as the added nitrogen. The following are the rates observed 
in metres per second :— 


Mixture of gases. | ON, + Og. | CN, + 203. | CoNg + O- + No. 


Rate of explosion-wave ..... | 2728 2321 2398 


The same phenomena are shown when cyanogen is exploded with 
nitrous oxide, and similar facts are presented in the explosion of the 
hydrocarbons, methane, ethylene, and acetylene. The most natural 
conclusion to be drawn from these results is that carbonic oxide is 
the primary product of the explosion of carbon compounds, and the 
formation of carbonic acid is a secondary process. 

Professor Smithells (Trans., 1892, 61, 204, and 1894, 65, 603) has 
recently shown that in the ordinary flame of cyanogen burning in air, 
the inner red cone corresponds with the combustion of the cyanogen 
to carbonic oxide, and the outer blue cone to the burning of this 
carbonic oxide to carbonic acid, results which are most easily 
explained on the supposition that in the ordinary flame of cyanogen 
the carbon is oxidised in two stages, the first product being carbonic 
oxide which is subsequently burnt to carbonic acid. 

What is the nature of this secondary reaction ? 

We know that steam has a marked influence on the burning of 
carbonic oxide. An ordinary spark does not kindle a dried mixture 
of carbonic oxide and oxygen; a jet of dried carbonic oxide burning 


* The combination would not be limited by dissociation at a high temperature, 
for carbonic acid is not dissociated into carbon and oxygen, but into carbonic 
oxide and oxygen. 
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in the air is extinguished by drying the air round it; thé velocity of 
explosion of carbonic oxide and oxygen is increased by adding steam 
up to 5 per cent. of the volume of mixed gases. On the other hand, 
a heated platiuum wire brings about the rapid union of dried car- 
bonic oxide and oxygen; an electric spark causes the dried gases to 
combine in the heated region, but no flame is propagated in either 
case. By gradually separating the two cones of a cyanogen-air 
flame, Professor Smithells has found that a point may be reached 
where the carbonic oxide formed in the inner cone is no longer able 
to burn in the outer cone in the absence of steam; but, when the 
two cones are near together, the heated carbonic oxide burns in air, 
although all the gases have been carefully dried. 

Beketoff (Bull. Acad. St. Pétersbowrg, [2], 2, 175) has shown that 
the addition of some 10 per cent. of cyanogen to a dried mixture of 
carbonic oxide and oxygen causes the previously inert mixture to 
explode on the passage of a spark. It would seem, therefore, that 
dried carbonic oxide and oxygen do not unite directly with flame 
under ordinary circumstances, but when they are heated by wire or 
spark or previous chemical action, they are capable of rapid union, 
but not, apparently, of such a kind as takes place in, and causes the 
propagation of, the explosion-wave. 


The Rate of Explosion of Cyanogen and Oxygen with Varying Quanti- 
ties of Oxygen and Nitrogen. 


The first point we investigated was the effect of excess of oxygen 
on the velocity of the ‘‘explosion-wave” of cyanogen. In the Phil. 
Trans., 1893, it was shown that when cyanogen was exploded with 
its own volume of oxygen, and when nitrogen was added to the mix- 
ture, the rate of explosion could be calculated from a simple formula 
expressing the velocity of sound in the reacting gases before any Joss 
of heat takes place. When oxygen was added to the. mixture. instead 
of nitrogen, the explosion was retarded to a greater extent, as sound 
would be if the heavier oxygen were as chemically inert as the 
lighter nitrogen; but it was found that, with successive additions 
of oxygen, the retardation did not increase pari passu, a fact which 
indicates that the formation of carbonic acid, although without 
influence on the velocity of the wave-front in the faster explosions, 
begins to exert an influence in the slower explosions. In the follow- 
ing table, the mean rates of ex,'--ion found are compared with those 
calculated from the formula 


x or cae LEAT 
07 x 29854 4 /2{ 2 +7 . 


d 
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where = is the velocity of the explosion-wave in metres per 
‘second.* 

Q is the heat disengaged by the reaciion. 

8, is the molecular specific heat of the products of combustion at 
constant volume. 

V./V;, is the ratio of the volume of the products of combustion to 
the initial volume of gases, both being measured under the same 
conditions.t 

T is the absolute temperature at which the gases are before the 
explosion, e.g., T = 286° for experiments at 13°C. 

y is the ratio of the two specific heats. 

d is the mean density of the unburnt and of the burnt gases (under 
the same conditions) referred to air. 


The Rate of Hxplosion of Cyanogen Mixtures compared with the calcu- 
lated Velocity of Sound, >. 


1. Cyanogen with Oxygen and Nitrogen. 


Mixture. 


C,N2 + O:. 


C.N2 + Oz + Ng. 


C.N, + Oo + 2Nz. 


Rate of explosion ...... 


2728 


2397 


2163 


Z cveccvccccccccs 


2725 


2397 


2166 


2. Cyanogen with Oxygen. 


Mixture. 


CoN, + Os. 


CN, + 20s. 


C.N, + 30.. 


Rate of explosion ... 


2728 


2321 


2110 


2725 


2310 2066 


The empirical formula, which expresses the rate of explosion of 
cyanogen with its own volume of oxygen, also expresses the rates of 
explosion when the mixture is diluted with one and with two volumes 
of nitrogen; but when the mixture is diluted with oxygen, the rate 
found gradually diverges from the rate calculated on the supposition 
that the cyanogen burns to carbonic oxide only. In order to make 


* The formula gives approximately the velocity of sound in a medium having a 
temperature and density such as we suppose exist in the layer of reacting gases in 
which the wave is propagated. It is 2 per cent. faster than the velocity of sound 
calculated by the crdinary formula. 

+ This ratio, by a printer’s error, is reversed in Phil. Trans., loc. cit., p. 133. 
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sure that this divergence was not due to experimental error, we have 
determined the rate of explosion of cyanogen with a still larger 
admixture of oxygen. 

The experiments were carried out in the manner described in the 
Phil. Trans. The gases were fired in a half-inch leaden tube, the 
flame being allowed to run several feet before the measurement of 
velocity was begun. Dried cyanogen, mixed with four times its 
volume of dried oxygen, detonated along the half-inch tube, but when 
the corresponding mixture C,N, + O, + 3N, was sparked, the explo- 
sion was not propagated. Two concordant experiments gave the rate 
of explosion for the mixture C,N, + 40). 


I, 2018 metres per second. 
II, 2032 _—s,, » 


Mean... 2025 od ” 


Now the velocity of the sound wave calculated by the formula, 
which gives the correct rate when nitrogen is the inert gas, is 
1925 metres per second. The rate of explosion is, therefore, 5 per 
cent. greater than the rate calculated on the assumption that the 
cyanogen only burns to carbonic oxide in the wave front. It would 
appear, therefore, that the formation of carbonic acid in the flame is 
a factor in the propagation of the cyanogen explosion when a large 
excess of oxygen is used. The effect of the gradual addition of 
oxygen is shown graphically in Fig. 1 (p. 764), where the continuons 
line is drawn through the rates of explosion found with increasing 
quantities of oxygen, and the dotted line is drawn through the 
“ theoretical ” rates. 


The Duration of the Flames produced by the Explosion of Cyanogen. 


An attempt was made to study the intensity and duration of the 
tlame following the explosion-wave of cyanogen and oxygen. Since 
the wave front travels much faster than sound in the unburnt mixture, 
the wave front must reach the end of a tube filled with the mixture 
before any other disturbance can be propagated through the gases to 
the end of the tube. If we imagine the pipe, along which the explo- 
sion-wave is propagated, to be closed by a thin diaphragm, the jet 
of flame which passes through the broken diaphragm is part of the 
column of burning gases following in the wake of the wave front; under 
similar conditions a long column of burning gases will produce a 
long jet of flame, and vice versd. 

In practice it was found better to omit the diaphragm, and to place 
the explosive mixture in contact with an inert gas by turning a tap. 
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between the two immediately before firing. The jets of flame were 
photographed on an iso-chromatic plate. 


Fria. 1.—Curves showing the effect of the successive additions of oxygen on the 
rate of explosion of cyanogen. 


1800 


2760 
CLN, + Ov. CN, + 20.. CaN, + 30z. CN, + 402 


The apparatus consisted of two tubes, one of lead, and the other of 
colourless glass, of the same internal diameter ; they were joined toge- 
ther by a steel piece containing the tap, whose bore was the same as that 


(DIXON.) Journ. Chem, Soc., June, 1896, 


v iv iii ii i 
Fia@. 2.—Jets of flame projected from tubes of different length filled with the 
mixture CaN, + 20,. 


Length of Firing-tube-—(i) 6 inches; (ii) 24 feet; (iii) 84 feet; (iv) 7 feet ; 
(v) 13 feet. 


coneein' Journ, Chem, Soc., June, 1896. 


A B 


Fic. 3.—Photographs of jets projected from 
a tube in which cyanogen is exploded, A to 
carbonic oxide, B to carbonic acid. 


B A 


Fie. 4.-—-Photograph of the 
explosion of cyanogen, A 
to carbonic oxide, B to 
carbonic acid. 
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of the tubes. The steel piece carried a small side tube with tap, so 
that the leaden pipe could easily be filled with the explosive mixture 
from a mercury gas-holder. The glass tube was filled with a mix- 
ture of nitrogen and carbonic acid, of rather less specific gravity 
than the explosive gases. The whole was fixed vertically with the 
glass tube uppermost. By attaching a lever to the tap, the two tubes 
could be put into communication by the same motion that started a 
spark at the other end of the leaden pipe. 

Preliminary photographs were taken to determine the length of the 
tube necessary to obtain a constant length of jet. Fig. 2 shows that 
when cyanogen is exploded with twice its volume of oxygen, the jet 
projected from the firing tube does not vary in length when the latter 
is over 34 ft. long. Im the subsequent experiments, a tube about 
4 ft. long was employed. The photographs show a remarkable con- 
stancy in the character of the flames ejected, 

The dark lines crossing the images of the jets are due to narrow 
strips of paper gummed outside the glass tube, 1 ft. apart, the first 
being 1 ft. from the tap. The photographs do not directly tell us 
the length of the column of the luminous gases ejected, but only the 
farthest distance to which the jet was thrown. 

The next figure (Fig. 3) shows the character of the jets produced by 
the burning of cyanogen to carbonic oxide and to carbonic acid 
respectively. The mixtures were fired in the same tube and under 
the same conditions, and the jets were photographed on the same 
plate. 

The difference in the intensity and length of the jets is very 
striking. In comparing the two, it must be borne in mind that there 
is a large permanent expansion when cyanogen burns to carbonic 
oxide; when it burns to carbonic acid the mixture forms its own 
volume of permanent gases. If, therefore, the duration of the ac- 
tion were nearly the same in the two cases, we should expect the 
incomplete combustion to give the longer jet. 

The relative luminous effect of the two explosions in closed tubes 
is shown in Fig. 4,. The intensity of the light, as judged by the-eye 
and by the effect on the photographic plate, is much brighter when 
cyanogen burns to carbonic oxide than when the combustion is com- 
plete. This agrees with the results of the pressure experiments 
made by M. Berthelot and with our own. The explosion of cyanogen 
to carbonic oxide is more violent in its disruptive effects than the 

explosion to carbonic acid, 

Fig. 4 is the direct photograph of two explosions (in the same 
tube and under the same conditions) taken on one plate. A is the 
explosion to carbonic oxide, B is the explosion to carbonic acid. 

The next figure (Fig. 5) shows both the true explosion and the jet 
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in each case. A piece of clear glass tube was inserted in the leaden 
pipe below the steel tap. A shows the brilliant flash in the tube, and 
A' the feeble jet projected from the tube in the carbonic oxide explo- 
sion; B shows the less luminous flash in the earbonic acid explosion, 
and B' the jet of an intensity nearly equal to that of the explosion 
itself. 

It is evident from these experiments that when cyanogen burns to 
carbonic oxide, the light of the explosion is more intense than when 
the combustion is complete, and that in the first case the column of 
burning gases behind the wave front gives comparatively little light, 
while in the second case the column of’ gases behind the wave front 
has nearly the same luminous effect as the explosion itself. 

It is important to bear in mind the heat evolved and the tempera- 
ture produced by the two reactions. In a tube filled with the two 
mixtures, under the same conditions, different amounts of cyanogen 
are burnt—according to the equations, 


Ee 3C.N, op 30, = 6CO + 3N2. 
II. 2C,N, + 40, = 400, + 2N;. 


The total heat evolved in the first equation is 
3Q, = 3 x 126,100 cals. = 378,300 cals. 
The total heat evolved in the second case is 
2Q, = 2 x 262,500 cals. = 525,000 cals. 


If we assume that the specific heats of carbonic oxide and nitro- 
gen remain constant at high temperatures, the mean temperature 
produced by the explosion to carbonic oxide is 


_ Q _ 378,300 


But, before expansion, 9 vols. of gas are condensed into the space 
previously occupied by 6 vols., so the temperature is increased by 
the heat due to this adiabatic compression. Assuming that the 
initial temperature of the gases was 13° C. or 286° on the absolute 
scale; the mean temperature produced by the explosion at constant 
volume would be 10,670° C. 

With regard to the complete combustion, we may make two assump- 
tions : 

(a) The cyanogen burns to carbonic acid in the wave front. In 
this case, if the specific heats remain constant, the mean tempera- 
ture is given by the equation : 


aan Wes 525,000 


8S, (72x 4) + (48 x 2)° 


mene Journ. Chem. Soc., June, 1896, 


A’ B’ 
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Fig. 5.—Photograph of the explosion of cyanogen and of the jet projected from 
the tube. Ais the true explosion, A’ the jet, burning to carbonic oxide ; B the 
true explosion, B’ the jet, burning to carbonic acid. 
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The mean temperature of the gases at constant volume would, 
therefore, be 13,674° C. 

(b) The cyanogen burns to carbonic oxide only in the wave front, 
and the excess of oxygen afterwards combines with this carbonic 
oxide. In this case the mean temperature produced by the initial 
reaction, C,N, + 20, = 2CO + N, + O., would be, calculated as 
before, 7,707°C. But according to this assumption, the heated 
carbonic oxide and oxygen molecules combine behind the wave front 
maintaining a high temperature for a period more or less prolonged. 

The phenomena brought to light by the photographs are readily 
accounted for by the second assumption. If the extra oxygen is 
inert in the wave front, it accounts for the superior brilliancy of the 
unimpeded reaction, C,N, + O, = 2CO + N;, over the impeded reaction, 
C.N, + 20, = 2CO + N, + O,. If the formation of carbonic acid is 
a secondary action, taking place after the formation of the carbonic 
oxide, it accounts for the intensity of the jet of still uniting gases 
thrown from the tube after the wave front has traversed the explo- 
sive mixture.* On the other hand, it is not easy to reconcile the 
photographs with the assumption that carbonic acid is formed in the 
wave front: to say that the carbonic acid is dissociated is the same 
as to say that the carbonic oxide and oxygen do not unite in the 
wave. 


Photographing the Explosion-flame on a rapidly moving Film. 


The problem of observing the real character of the explosion- 
flame of a detonating mixture of gases is one not easily solved. If 
the indirect observations recorded above are rightly interpreted, it 
would seem that the flame of cyanogen burning to carbonic oxide 
must be short and intense, and the flame of cyanogen burning to 
carbonic acid must be more prolonged and less intense. To obtain a 
direct record of the intensity and length of flame in the two cases 
we arranged an apparatus to photograph, on a very rapidly moving 
film, the passage of the explosion-flame through a short piece of 
glass tubing inserted in a long leaden pipe containing the explosive 
mixture. 

A light iron drum, turning on hardened steel bearings, was fixed 
to a solid table clamped to the floor of the dark room (Fig. 6, p. 768). 
Round the edge of the drum, which was 94 cm. in circumference, 
a strip of sensitive celluloid film (Hastman’s) was fastened. The 
dram was geared to a high-speed electric motor worked by a battery 


* In the experiments with the open tubes the gases do work against the atmo- 
sphere by expanding ; but this expansion only begins after the wave has gone by. 
Experiments have shown that the wave is just as brilliant and exerts the same 
breaking pressure whether it is traversing an open or a closed tube. 

VOL. LXIXx, 3 F 
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of secondary cells, The maximum speed attainable was 5,000 revolu- 
tions per minute. At this speed fairly sharp photographs of the 


C 


flame were obtained. As, however, the images of the longer flames 
were so drawn out at this velocity as to overlap round the film, a 
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slower speed was employed, usually about 1,500 metres per minute ; 
at this speed there was very little vibration of the drum. The drum 
was enclosed in a camera holding a portrait lens with an aperture 


ds . In order to determine the speed of revolution of the drum at 
the moment of firing, the flame itself was made to register the rate 
on the photographic film. The leaden pipe with the short glass 
“ window ” was bent round on itself, and a second window was in- 
serted in a line with the first, the length of the tube between the two 
windows being accurately measured. On firing the gases in the 
pipe the flame first passed one window and then the second, at an in- 
terval of time depending on the rate of the explosion-wave and the 
distance between the two windows. If the drum were stationary 
the images of the two windows appeared side by side on the film, if 
the drum were rotating the images no longer appeared side by side, 
and the amount of the displacement readily gave the velocity of 
rotation, since the velocity of the explosion-wave in the mixtures 
used had previously been determined. 

In many of the earlier photographs taken, curious irregularities in 
the intensity of the drawn-out images were observed. Some of 
these were found to be due to reflections from the end of the tube, 
and were eliminated by lengthening the pipe on each side of the 
window. Similar irregularities are shown in the photographs of 
the hydrogen and oxygen explosion taken by v. Oettingen and 
v. Gernet (Ann. Phys. Chem., 1888, 33, 586), and are no doubt due to 
interference-waves from the two ends of the tube, But we were long 
puzzled by certain wave-like variations in intensity, which were con- 
stantly reproduced, These, however, disappeared on changing the 
tube, and were then found to - due to an enaumpeoted constriction 
in the pipe we had been using.* 

In the apparatus finally adopted, the flame traversed a leaden tube 
about 4 metres long from the firing-spark to the first window. This 
window consisted of a short piece of colourless glass tube let into 
two sockets in the two leaden pipes, so that the bore of the tube was 
the same in the lead and in the glass. The second leaden tube, of 
2 metres in length, was curved round to the second window, which 
was exactly similar to the first. After passing the second window 
the flame traversed another leaden pipe 4 metres in length. A 
second firing tube was similarly arranged with its window in line 
with the two others. One tube was filled with cyanogen mixed with 
an equal volume of oxygen, the other with cyanogen mixed with 
twice its volume of oxygen. The wires being connected up in one 

* We are attempting to measure the velocity of sound in burning gases by 


photographing these reflected waves. 
3¥Fr2 
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circuit, the mixtures could be lighted simultaneously in the two 
tubes. Three images were thus obtained on the moving film, two 
were formed by one flame as it successively passed the two windows 
in the bent tube, the third was formed by the flame of the other 
explosive mixture as it passed its window. The windows were care- 
fully shielded from one another by pieces of black velvet placed 
between them. By developing the film in a long trough in a uni- 
form manner, the images of the several explosions received pre- 
cisely the same treatment, and could be compared one with the other. 
In a successful experiment, the two images formed by the same 
mixture, as the flame passed in turn the two windows, were similar 
in character and nearly identical in intensity and length. This simi-. 
larity afforded a proof of the uniformity of the film and of the 
development. 

An examination of the photographs showed that the front of the 
flame in all cases was sharply defined, and that the whole diameter 
of the tube was illuminated at the same instant. There is therefore 
a definite front to the explosion-wave. When cyanogen is exploded 
with its own volume of oxygen, the image attains its maximum in- 
tensity apparently at once. This shows that the column of very 
highly heated gases must be very short. 


Let AB represent the window along which the explosion passes 
upwards from A to B. Let A’B’ represent the image of the window 
on the film, the image of the explosion will pass downwards from A’ 
to B’, and let the film itself be moving upwards with a velocity 100 
times less than that of the flame (as is roughly the case). Now, if 
the flame were a horizonial line of light without breadth, the image 
would be equally illuminated from A’ to B’. The motion of the film, 
being opposite to that of the image, would have drawn out the 
image by 1 per cent.. Conversely, if the film were moving in the 
same direction as the image, the latter would be contracted by 1 per 
cent. Next suppose the flame not to be a line, but to be a column 
of uniform brightness equal in depth to the length of the window. 
When the wave front reaches A, the film at A’ will be illuminated ; 
but by the time the rear of the column reaches A its image will no 
longer fall on A’, for that point will have moved upwards a distance 
equal to 1/100th of the length of the image, and consequently the 
image will not attain its maximum intensity for the first hundredth 
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part of its length. From the abruptness with which the image 
attains its maximum intensity we may conclade that the length of 
the column of intensely ignited gases, in the case of cyanogen 
burning with its own volume of oxygen, is not greatly longer than 
the length of the window. On the other hand, when cyanogen is 
exploded with twice its volume of oxygen the image does not attain 
its maximum intensity at once. 

The rear of the explosion-flame is in marked contrast to the front 
of the wave. In all cases it dies away with a tail which gradually 
thins out, and is similar in character to the jet of ignited gases 
thrown out from a tube filled with explosive gases. From the 
length of the tail, we can calculate the time during which the window 
was photographically luminous. 

When cyanogen is exploded with its own volume of oxygen, the 
image shows an abrupt fall in intensity before the commencement of 
the tail. There is, in fact, an intense image of the window, only 
slightly drawn out by the revolution of the film, followed by a faint 
and short tail. From the shortness of the intense portion of the 
image, we also conclude that the length of the column of intensely 
ignited gases must be short. 

But the length of the tail shows that a faint luminosity existed 
in the tube behind the wave front for a considerable time. Taking 
the average of the most concordant experiments, we find that the 
wave front must have travelled forward nearly 3 metres before this 
luminosity in the window ceased to affect the film.* 

When, however, cyanogen is exploded with twice its volume of 
oxygen, the image is not so bright, and there is no abrupt fall in 
intensity ; the image slowly and regularly diminishes in brightness 
to the end of the tail. The length of time during which the window 
remains fairly illuminated is far longer. Taking the average of 
several experiments, we find that the image of cyanogen burning to 
carbonic acid is drawn out to four and five times the length of the 
image of cyanogen burning to carbonic oxide. This increase in 
length cannot be due to dust or carbon particles, both of which are 
more likely to affect the more violent incomplete combustion, it must 
therefore depend on the longer period during which the gases are 
luminous. 

At the suggestion of Professor Schuster, we made some experi- 


* Besides the main reaction, the burning of the cyanogen to carbonic oxide, a 
slight liberation of free carbon takes place. This may be due to the dissociation of 
the heated carbonic oxide into carbon and carbonic acid. This carbon no doubt 
contributes to the luminosity of the “tail,” and the effect of fine particles knocked 
from the sides of the tube and raised to incandescence would also be to prolong the 
illumination. 
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ments to determine whether the luminosity in the tail might be due 
to phosphorescence of oxygen. On photographing the explosion- 
flames of hydrogen (i) with its own volume of oxygen, and (ii) with 
half its volume of oxygen and half its volume of nitrogen, we found 
that the former mixture gives the shorter tail. The length of tail 
therefore does not depend on the phosphorescence of the oxygen left 
unburnt. 

A comparison of the three images on the moving film (Fig. 8) 
brings out clearly the following points :— 

(i) The burning of cyanogen to carbonic oxide produces the most 
brilliant flame (B). 

(ii) The burning of cyanogen with twice its volume of oxygen 
produces a flame of the same initial intensity as when nitrogen is 
substituted for the second volume of oxygen (C and D). 

(iii) The tail of the flame in B is short, and of feeble intensity. 

(iv) The tail of the flame when cyanogen burns with excess of 
oxygen is long, and its luminosity falls very gradually (D). 

(v) When cyanogen burns to carbonic oxide in presence of nitro- 
gen, the tail is of feeble intensity, but longer than in the absence of 
the inert gas (C). 

The results of these experiments seem to us to agree entirely with 
the results obtained by photographing the “jets”; and are most 
readily explained on the supposition that the formation of carbonic 
acid is mainly due to a secondary action between the heated carbonic 
oxide and oxygen left in the rear of the explosion-wave. The 
nature of the flame produced when cyanogen is exploded with oxygen 
thus supports the hypothesis which had previously been arrived at 
from the velocity of the explosion-wave. 

We have also examined by this method the length of flame pro- 
duced by other explosive mixtures, e.g., that of hydrogen and oxygen, 
carbonic oxide and oxygen. They exhibit the same characteristio 
sharpness of wave front and gradual fading of luminosity in the tail. 
In the case of hydrogen and oxygen, the gas is still luminous when 
the wave front has travelled forward some 15 metres, This “tail” 
is greatly diminished in length when the electrolytic gas is mixed 
with an excess of hydrogen.* In his experiments on the electrical 
conduction of the flame produced by the explosion of hydrogen and 
oxygen, Dr. Turpint found that the wave front had moved forward 
about 2 metres, on the average, before the column of gases ceased to 
conduct, but with excess of hydrogen the flame was shorter. 


* We are now studying the oxy-hydrogen and other flames by this method in 
greater detail. 

+ Studies from the Physical and Chemical Laboratories of the Owens College 
(1893), p. 295. 


(DIXON.) Journ. Chem. Soc., June, 1896. 
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Fig. 8.—Photographs of the explosion of cyanogen and oxygen passing a window 
in a long tube. 
A. Explosion of C,N, + O, taken on stationary film. 
B. Explosion of C,N, + O, taken on moving film. 
C. Explosion of C.N, + O, + Nz taken on moving film. 
¥, Explosion of C,N; + 20, taken on moving film. 
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A. The explosion of moist carbonic oxide and oxygen. 
B. The explosion of dried carbonic oxide and oxygen. 
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The Effect of Steam on the Burning of Cyanogen to Carbonic acid. 


Considering the effect produced by the presence of steam on the 
explosion of a mixture of carbonic oxide and oxygen, it might be 
conjectured that when cyanogen is burnt to carbonic acid the pre- 
sence of steam might materially affect the rate of combination, and 
consequently the length of the flame. But the flame produced by a 
well dried mixture of cyanogen and oxygen does not appear to differ 
from the flame given by the same gases mixed with 1°5 per cent. of 
steam. This result, which was contrary to our expectations, was 
shown by a series of photographs of the flames produced by the 
explosion of the dried and wet mixtures under similar conditions. 
As before, two tubes, furnished with similar windows, were fixed 
side by side. After thoroughly drying one tube, we filled it with 
the mixture which had been standing some days over phosphoric 
oxide. The second tube was filled with gas nearly saturated with 
steam. The mixtures were fired at the same time, and the flames on 
reaching the windows in the two tubes were photographed on the 
moving film. Both with slow and high velocities of the film, the 
images were drawn out equally. We can only conclude from this 
result that, in a mixture of freshly formed carbonic oxide and oxygen, 
these gases unite as the mass cools down without the intervention of 
steam ; and where steam is present it does not appreciably alter the 
time during which the change continues. 

This result agrees with Professor Smithells’ observation that when 
a dried mixture of cyanogen and air is burnt in his “ separator,” the 
carbonic oxide formed in the inner cone will burn in dry air, pro- 
vided the outer cone is kept close to the inner; but when the cones 
are widely separated, so as to allow time for the carbonic oxide 
formed below to ‘settle down,” the outer flame is extinguished on 
bringing it into dry air. 


The Effect of Steam on the Flame of Carbonic Oxide and Oxygen. 


Experiments similar to the above, made with the tubes filled with 
dried and moist carbonic oxide and oxygen respectively, show a 
marked difference (Fig. 9). In the presence of steam, the flame is much 
shorter. In the dried mixture, the gases were passed through several 
tubes containing boiled sulphuric acid, and through a column 
of phosphoric oxide. Care had to be taken to allow the flame a 
long run before reaching the window, as in the dried gases the 
explosion-wave is not set up for several feet. The photographs of 
the carbonic oxide flame thus seem to bear out the hypothesis, 
founded on the rates of explosion, that “at the extreme temperatures 
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of the explosion-wave, as well as in ordinary combustion, carbonic 
oxide is oxidised by the steam” (Phil. Trans., 1893, 184, 112). 

A considerable body of evidence has now been accumulated con- 
cerning the mode of burning of cyanogen. The principal points 
established are :— 

(i) Cyanogen burns and explodes with oxygen in the absence of 
moisture. 

(ii) Cyanogen in explosions forms carbonic oxide with great 
rapidity, and carbonic acid with less rapidity. 

(iii) Cyanogen, burning in air, appears tov undergo oxidation in 
two stages. 

(iv) The presence of moisture does not affect the formation of car- 
bonic acid from freshly formed carbonic oxide. 

If we have rightly interpreted the facts before us, it would appear 
that cyanogen, in explosions, burns first to carbonic oxide, and then, 
if oxygen is present, this carbonic oxide proceeds to unite with it to 
form carbonic acid. This formation of carbonic acid is slow com. 
pared with the formation of the carbonic oxide; nevertheless, the rée- 
action is rapid enough to influence the velocity of explosion of 
cyanogen with a large excess of oxygen. 


Owens College, 
Manchester. 


XLVI.—The Mode of Formation of Carbonic acid in 
the burning of Carbon Compounds. 
By Professor Haroip Batty Dixon, M.A., F.R.S. 


Tue usual statements concerning the burning of carbon compounds, 
namely, that the carbon unites directly with oxygen to form carbonic 
acid, and that this is reduced in presence of an excess of the carbon 
to carbonic oxide, appear to have little or no experimental founda- 
tion. All the direct evidence points the other way. 

But with regard to the mode in which carbonic acid is formed, 
and the part played by moisture in its formation, the evidence is 
curiously puzzling. Granting that carbon in any compound may 
burn with oxygen to carbonic oxide, we have to deal with the 
following facts :— 

1. An explosion is not propagated by a spark in a dried mixture 
of carbonic oxide and oxygen at ordinary temperature and pressure 
(Dixon, Brit. Assoc. Report, 1880, 503). 

2. When a long tube full of the dried gases has moisture intro- 
duced at one end and the gases are ignited there, the flame traverses 
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the moist gases, but dies out on reaching the dry gases (Dixon, 
Chem. News, 1882, 46, 151). The flame of dry carbonic oxide burn- 
ing in air is extinguished by plunging it into dry air (M. Traube, 
Ber., 1885, b, 1890). 

3. The addition of steam increases the rapidity of inflammation of 
carbonic oxide and oxygen, both in the ordinary flame and in the 
explosion-wave (Dixon, Phil. Trans., 1884, Pt. 2, 640, and 1893, 
A, 111). 

4, Carbonic oxide and oxygen appear to be inert towards one 
another in the incomplete combustion of hydrogen and carbonic 
oxide; at all events, they act as if they were incapable of rapidly 
uniting (Dixon, Phil. Trans., 1884, Pt. 2, 671). 

5. Dried carbon does not glow when heated in dried oxygen; it 
burns, however, to carbonic oxide. In the presence of finely divided 
platinum, carbonic acid is formed (Baker, Phil. Trans., 1888, A, 
571). 

6. Dried carbonic oxide and oxygen will unite in the path of the 
electric spark (Lothar Meyer, Ber., 1886, 19, 1099; Beketoff, Bull. 
Acad. St. Pétersbourg, [N.S.], 2, 175; Dixon). The amount of com- 
bination depends upon the nature of the spark; a limit is reached 
when the rate of combination is equal to the rate of decomposition 
of the carbonic acid formed (Dixon and Lowe, Trans., 1885, 571). 

7. The dried gases completely combine, without producing flame, 
in contact with a heated platinum wire (Dixon and Lowe, Trans., 
1885, 576). 

8. Dry carbonic oxide proceeding from a half-burnt cyanogen 
flame will burn in dried air, provided the two flames are close 
together (Smithells and Dent, Trans., 1894, 603). 

9. An explosion of cyanogen and oxygen will cause the union of 
dry carbonic oxide and oxygen with which they are mixed (Beketoff, 
Bull. Acad. St. Pétersbourg, [N.S.], 2, 175). 

10. In the explosion of cyanogen with an excess of oxygen, the 
formation of carbonic acid is complete, and is not affected by the 
presence of moisture (Dixon, Trans., 1886, 384). The complete 
combustion of cyanogen, however, does not take place so rapidly or 
with such violence as the incomplete combustion to carbonic oxide 
(Dixon, Strange, and Graham, Trans., 1896). 

11. Moisture is active in the oxidation of other substances, e.g., 
sulphur and phosphorus (Baker, Phil. Trans., 1888, A, 581); it also 
affects the combination of other substances (Cowper,* Trans., 1883, 
153; Baker, Trans., 1894, 611; Pringsheim, Ann. Phys. u. Chem., 

* The effect of moisture in determining the combination of chlorine and sodium, 


the discovery of which is usually attributed to Wanklyn, is not mentioned by 
Wanklyn in his paper (Chem. News, 20, 271). 
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[N.F.], 32, 384), and facilitates the passage of the electric discharge 
in gases (J. J. Thomson, Phil. Mag., [5], 36,313; Brit. Assoc. Report, 
1894, 482). 

Several explanations have been put forward to account for the 
influence of moisture in promoting the combination of carbonic oxide 
and oxygen; some of these have special reference to this reaction 
only, whilst others are of more general application. Most of the 
hypotheses advanced have, on examination, suggested experiments 
by which their probability might be tested. It will, I think, be 
useful to examine these hypotheses in the light of the evidence 
which has been accumulated. Even if it should appear, as I think, 
that no satisfactory explanation has been arrived at, a discussion of 
the results may focus attention on the essential points of the problem, 
and may serve to suggest future experiments. 

In my papers on the subject I have made no attempt to suggest a 
reason why oxygen should not explode with carbonic oxide. I have 
limited myself to the conclusions which seemed to accord most 
closely with the observations: (a) that carbon burns primarily to 
carbonic oxide ; (>) that carbonic oxide is inert, under ordinary con- 
ditions, towards oxygen; and (c) that carbonic oxide at a high tem- 
perature decomposes steam to form carbonic acid and hydrogen, so 
that, in the ordinary explosion of moist carbonic oxide and oxygen, 
the steam acts catalytically as a carrier of oxygen. 

It is evident, from the results recorded in the previous paper on 
“The Explosion of Cyanogen,” that the second conclusion (b) must 
be modified. Under certain conditions, carbonic oxide and oxygen 
unite readily. We are confronted, therefore, with the apparent 
anomaly—two gases which are not exploded by the spark or applica- 
tion of a flame, which are inert, or do not unite rapidly, as other 
gases do, in explosions, nevertheless combine in presence of heated 
platinum, and in presence of other combining gases, or if one of them 
has just been formed by a chemical reaction. 

Professor H. E. Armstrong,* taking a wide survey of the conditions 
of chemical combination, considers the function of the steam in the 
explosion of carbonic oxide and oxygen to be that of the liquid in a 
galvanic cell. The two gases, inert in the pure state, require ‘‘ the 
formation of a conducting system in which electrolysis can occur.” 
Comparing the system of carbonic oxide, steam, and oxygen to a 
Grove gas battery, Armstrong regards the oxidation of the carbonic 
oxide by the oxygen of the water as dependent upon the simultaneous 
oxidation of the hydrogen of the water by the free oxygen. 

* “Presidential Address to Chemical Section, British Association, 1885,” Proc. 


Roy. Soc., 1886, 40, 287; Trans., 1886, 49, 112. “ Presidential Address to 
Chemical Society,’ Trans., 1895. 
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I. II, 
0 H,0 | CO OH, | OCO 
O | H,O | CO OH, | OCO 
System before System after 
explosion. explosion. 

The general theory advocated by Armstrong is that interaction 
does not occur between two pure substances, and that water will 
condition the interaction between them only if it be capable of 
forming a composite electrolyte with one of them. I am not sure 
whether Armstrong considers that water forms a composite electro- 
lyte with carbonic oxide, or whether water itself is the electrolyte ; 
but, in either case, it is not easy to explain all the facts. The theory, 
as [ understand it, supposes that the three substances, carbonic oxide, 
steam, and oxygen must be in contact while the change proceeds, 
and any two of these gases will be inert on meeting. If, therefore, 
we accept the molecular theory of gases, the change will only occur 
on the simultaneous collision of molecules of the three substances ; 
or, taking Armstrong’s equation, on the simultaneous collision of five 
particular molecules, two of carbonic oxide, two of steam, and one of 
oxygen. What the chances are in favour of such collisions occurring 
might, I suppose, be calculated; it is obvious that their number 
must be exceedingly small, compared with the collisions between any 
two molecules. Supposing this quintuple collision occurred, the 
heat evolved by the chemical change would be divided among the 
products of interaction; the heated steam and carbonic acid mole- 
cules so formed would fly in all directions, and inevitably some steam 
molecules would come into violent collision with unburnt carbonic 
oxide molecules. What would happen? Experiment shows that if 
we heat carbonic oxide and steam together, they react, forming 
carbonic acid and hydrogen. Do they do so in the case supposed 
above? If they do, carbonic acid is formed in a manner independent 
of electrolytic conduction. If they do not, how are we to explain the 
action of heat on carbonic oxide and steam? 

Again, the electrolyte theory has to explain the oxidation of 
carbonic oxide in the burning of cyanogen. As we have seen, mois- 
ture does not appear to be necessary for this reaction or to appre- 
ciably affect the result if present. I have tried an experiment to see 
whether some oxide of nitrogen, which might be formed in the 
initial combustion of the cyanogen, can act the part of “catalyst” 
between carbonic oxide and oxygen. Peroxide of nitrogen I found to 
have no effect ; nitrous oxide I had previously tried with the same 
result. 

But apart from these difficulties, we must bear in mind that an 
explosion in moist carbonic oxide and oxygen is propagated at a 
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velocity of over 1700 metres per second. This velocity of explosion, 
though inferior to that of hydrogen and oxygen, is comparable with 
that of hydrogen and chlorine, an explosive mixture in which the 
flame is propagated though the gases be carefully dried. The rate 
of the explosive wave in gases approximates, according to M. 
Berthelot’s theory, to the mean rate of movement of the products of 
combustion before they have lost any heat, or, according to my hypo- 
thesis, to the velocity of sound in the burning gases, which is equal 
to the mean rate of the forward movement of the reacting molecules. 

Without insisting on the exactness of these theories, we may ask 
whether it is more probable that the flame is propagated at such 
velocities from molecule to molecule, or whether the flame can only 
advance as simultaneous collisions occur of five particular molecules 
out of three sets? In our present state of knowledge, I believe the 
former view presents far fewer difficulties, and accordingly I think 
we are not yet warranted in applying the electrolytic theory to 
explain the reactions of gases at high temperatures. 

Professor J. J. Thomson, who has made experiments of remarkable 
interest on the electrolysis of gases, has given us a theory as to the 
function of water in the explosion of carbonic oxide and oxygen. 
Finding that the presence of a trace of aqueous vapour in a gas 
greatly facilitates the passage of the electric discharge, and permits a 
phosphorescent glow to be formed in the gas after the discharge 
has passed, Thomson compares these phenomena with the effects of 
moisture on chemical combination. If the first discharge through 
a gas is accompanied by a splitting up of some of the molecules 
we can see, he says, “ why a cause which increases the facility with 
which the first discharge passes through the gas should also increase 
the tendency of the gas to enter into chemical combination.” The 
theory, as I understand it, is this: Pure water, though not a con- 
ductor, has such a high specific inductive capacity that its electro- 
static effect is much the same as if it. were a conductor. A molecule 
of two oppositely charged atoms, coming close to the sphere of liquid 
water, might be disssociated owing to the power which the atoms 
would possess of unopposed movement along the surface of the 
sphere. Such separated atoms would be more ready to enter into 
chemical combination than the undecomposed molecule. 

In order that this dissociation of molecules should be brought 
about, the presence of drops of liquid water is necessary. They 
might be condensed only for an instant and then evaporate. This 
formation of transitory drops of water is to be expected, Thomson 
says, even when the vapour is far below saturation. But to explain 
the combination of carbonic oxide and oxygen in the explosion-wave, 
a trace of steam far below saturation at ordinary temperatures would 


IN THE BURNING OF CARBON COMPOUNDS. 779 


have to be condensed into liquid particles at a temperature which 
has, I believe, never becn estimated below 300U° C., and is probably 
very much higher. But perhaps I have misunderstood Thomson’s 
meaning. Should it be supposed that the vapour really does its 
work of dissociation in the unburnt gas, leaving, by alternate con- 
densation and evaporation, loosely combined atoms of oxygen which 
combine with carbonic oxide when the explosion reaches them? 
According to this view, the work of the moisture would be prepara- 
tory. But it must be remembered that a small quantity of hydrogen, 
or other inflammable gas, containing hydrogen, confers inflam- 
mability on the mixture. Now, this hydrogén only forms steam 
when the explosion reaches it; nevertheless, it enables the carbonic 
oxide to burn. In this case, the steam molecules must exert their 
influence in the flame itself, and not in the cool unburnt gas. 

Thomson states that oxygen when carefully dried shows no phos- 
phorescence after the discharge; air, on the other hand, is made 
phosphorescent by carefully drying. If this power of phosphorescing 
is connected with the dissociation of the atoms, as is suggested, we 
should expect carbonic oxide to burn in dry air. But experiment 
shows that the carbonic oxide flame is more readily extinguished in 
dry air than in dry oxygen. 

But while I hold that the effect of moisture in transmitting an 
explosion in carbonic oxide and oxygen has not been shown to be due 
to an electrolytic or to a dissociating action on the part of the water, 
I believe these influences may be at work in the interaction of gases at 
ordinary temperatures,* such as have been studied more particularly 
by Brereton Baker. The influence of platinum in determining the 
union of dry carbonic oxide and oxygen may be due to the conduc- 
tivity of the metal, or, on the other hand, to its attraction for oxygen. 
There is perhaps a danger lest in seeking for general laws we may 
miss some simpler explanation. 

Moritz Traube (Ber., 1885, b, 1890) in 1885 advanced the hypothesis 
that the function of the steam in the explosion is to yield its atom of 
oxygen to the carbonic oxide at the same time that its hydrogen unites. 
with a molecule of oxygen to form hydrogen peroxide, and that the 
latter interacts with more carbonic oxide to reform steam and carbonic 
acid :— 

I..... CO + OH, + O, = CO, + H,0;. 
II .... CO + O,H, = CO, + OH;. 


I have dealt fully with this hypothesis in a former communication 
* I have shown that oxygen does not combine with sulphurous oxide in presence 


of steam at temperatures up to 100°C.; in presence of particles of liquid water,. 
oxidation takes place, Journ. Gas Lighting, 1881, 37, 704. 
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to this Society (Trans., 1886, 49, 94), Since it was put forward 
mainly on the mistaken ground that carbonic oxide was not oxidised 
by steam at a high temperature, the refutation of this error removed 
the chief argument in its favour. 

Mendeléeff (Principles of Chemistry (Eng. Ed.), 1891), rejecting 
Traube’s first equation, considers that the carbonic oxide is oxidised 
directly by the steam, but thinks that the liberated hydrogen com- 
bines with a molecule of oxygen to form hydrogen peroxide, which 
in turn is reduced by more carbonic oxide. 


I eeee CO + OH, = co, + Hi. 
lI eee O, + H, = O.H;. 
IIl .... CO + O.H, = CO, + OH,. 


This opinion is grounded on his conviction that gases enter int 
combination in equal volumes, and that the apparent exceptions to 
this law of nature are to be accounted for by supposing that such 
reactions are in reality complex, the initial reactions being between 
equal volumes. The law that reactions of equal volumes precede all 
others affords the simplest explanation, according to Mendeléeff, of 
the necessity for the presence of steam to bring about the union of 
carbonic oxide and oxygen, since the direct oxidation of carbonic 
oxide by oxygen would involve an action between unequal volumes of 
gases. 

As an instance of the application of this law, we may glance at 
Mendeléeff’s suggestion that the synthesis of ammonia takes place 
through the initial formation of N,H, which, in turn, unites with 
its own volume of hydrogen to form hydrazine, N.H,, which finally 
breaks up into nitrogen and ammonia. Without discussing the 
general validity of the law which Mendeléeff here lays stress upon, 
it will be sufficient for my immediate purpose to refer to an experi- 
ment which I have made with carbonic oxide and nitrous oxide. 
These gases, mixed in equal volumes over mercury in the ordinary 
way, are readily exploded by a spark. According to Mendeléeff’s 
view, there is nothing to prevent these gases, when dry, from inter- 
acting, since equal volumes are concerned. Actually, they resist 
the action of the spark when well dried; the addition of a trace of 
water renders them readily explosive again. The influence of steam 
does not appear, therefore, to be explained by the law of equal 
volumes. 

The late Professor Lothar Meyer (Ber., 1886, 19, 1099), who was 
one of the first to repeat the experiment with the dried gases, put 
forward the view that it was the high temperature required for the 
ignition of carbonic oxide and oxygen—compared with the tempera- 
ture at which carbonic oxide reacts with steam—that favoured the 
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combination of the moist gases. If a very high temperature were 
required for the ignition of carbonic oxide and oxygen, and a lower 
temperature for the action between carbonic oxide and steam, the 
letter would occur with greater readiness in the neighbourhood of 
the spark; and if the liberated hydrogen could combine with oxygen 
at a low temperature also, steam would be reformed and the process 
would be repeated by the alternate reduction and oxidation of steam. 
Adopting my view as to the course of the chemical changes occur- 
ring, Lothar Meyer explains them on the ground that the direct 
oxidation requires a far higher temperature than the indirect action ; 
he found that a very powerful spark, driven lengthways through a 
column of dried carbonic oxide and oxygen, would bring about the 
union of the gases, and that in a stream of strong sparks complete 
combination took place in a short time. He attributes the combina- 
tion to the very high temperature of the spark, which is not main- 
tained except in the path of the discharge, and so the incipient 
explosion set up in the path dies out around it. In favour of this 
view, he quotes my own observations on the limits of dissociation of 
carbonic acid by the electric spark, and the combination of dried 
carbonic oxide and oxygen by heated platinum (Trans., 1885, 571). 
With a feeble discharge, the dissociation of carbonic acid is greater 
than when the sparks are strong. Again, when a platinum wire is 
heated in a mixture of dried carbonic oxide and oxygen, the wire 
glows intensely, and complete combination takes place without 
flame on the surface of the platinum, The platinum, according to 
Lothar Meyer, supplies the heat necessary for direct combination. 
Mallard and Le Chatelier (Mélanges Gazeux explosifs, 7, found the 
ignition point of hydrogen and oxygen to be about 550°, and that 
of carbonic oxide and oxygen to be about 650°. Victor Meyer 
and Freyer (Zeit. physikal. Chem., 11, 28) found that the ignition 
point of hydrogen and oxygen, in a closed bulb, lay between 530° 
and 606°, whilst that of carbonic oxide and oxygen lay between 
650° and 730°. On the other hand, Naumann and Pistor (Ber., 
18, 2894) found that carbonic oxide was not oxidised by steam 
below 600°, but oxidation began between 602° and 634°. These 
observations so far agree with Lothar Meyer’s explanation that 
they show that carbonic oxide and oxygen do not explode until a 
temperature is reached at which the carbonic oxide could be oxidised 
by the steam present, and the liberated hydrogen could reform 
steam. But I think no satisfactory evidence has been adduced to 
show that it is merely owing to an insufficient temperature being 
reached that an explosion is not propagated in dry carbonic oxide 
and oxygen. At first sight, the results obtained in the explosion of 
cyanogen seem to favour Lothar Meyer's view; for the carbonic 
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oxide produced in the wave-front must be at a very high temperature, 
and it is found to combine with the oxygen present. Although, it 
might be argued, the explosion is not propagated in dry carbonic 
oxide and oxygen at ordinary temperatures, nevertheless, when these 
gases are mixed together in a very highly heated state, as they are in 
the combustion of cyanogen, then the two gases can unite explosively. 
Bat this is not really the case. If the carbonic oxide only required 
a high temperature to unite with oxygen, it should do so the moment 
after it is formed, for it is then at its maximum temperature. The 
immediate formation of carbonic acid should ensue from the collisions 
hetween oxygen molecules and the highly heated carbonic oxide 
molecules formed in the wave-front. Thus the complete combustion 
of cyanogen would be rapidly effected, and the temperature reached 
would be far higher than in the incomplete combustion. Now both 
the photographs of the flame and the rates of explosion show that 
this complete combustion does not take place immediately on the 
explosion of cyanogen; on the contrary, the extra oxygen appears to 
be inert in the wave-front, and only combines gradually behind the 
wave. 

Again, if Lothar Meyer’s view is correct, a considerable increase in 
temperature of one of the gases might be expected to increase the 
inflammability of carbonic oxide in air. As Traube first demon- 
strated, an ignited jet of carbonic oxide, dried by cil of vitriol, is 
extinguished on being plunged into a jar full of air dried in the same 
way; the flame is usually put out an inch or two from the mouth of 
the jar. The same result is found when the stream of carbonic oxide 
is strongly heated before it burns. The glass tube bringing the gas 
from the drying towers was luted by means of asbestos and soluble 
glass to a platinum tube 6 in. long. Round a length of 4 in. of the 
platinum an asbestos jacket was fitted, and the whole was heated 
strongly by two blow-pipe flames. At a bright red heat the blue 
colour of the carbonic oxide flame burning in the air at the mouth of 
the tube changed to a pinkish-orange. On plunging the flame into 
the jar full of dried air, it was extinguished quite as readily as it was 
without heating. On withdrawing the tube from the jar the gas 
immediately rekindled on meeting the ordinary air. The experiment 
was repeated several times with hot and cold gas alternately, and 
always with the same result. The high temperature of the carbonic 
oxide in no way increased its inflammability in dry air. 

Apart, therefore, from the difficulty of understanding how a flame 
of burning carbonic oxide and oxygen, which has, at least, a mean 
temperature of 3000°, is extinguished in the dried gases, owing to 
the temperature not being high enough, or how the intensely heated 
carbonic oxide formed in the explosion of cyanogen does not burn in 
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the wave-front, whilst a red hot platinum wire is admittedly hot 
enough to bring about the combination, we have some direct evidence 
to show that the non-explosibility of carbonic oxide and oxygen is not 
simply a result of insufficient temperature. 

M. Beketoff (Bull. Acad. St. Pétersbowrg, [N.S.], 2, 175) has 
sparked a dried mixture of carbonic oxide and oxygen, and found 
that carbonic acid was gradually formed ; he has also brought about 
the union of the dry gases by mixing 10 per cent. of cyanogen with 
them and then exploding. M. Beketoff’s view of the function of the 
moisture is that it acts by reason of the ready dissociation of its 
molecule into hydrogen and an atom of oxygen which combines with 
the carbonic oxide. Steam begins to dissociate at 800°, he says, 
oxygen is stable at 2000°. “The molecules of steam furnish the 
atomic oxygen which is indispensable for the combustion of carbonic 
oxide more readily than the molecules of oxygen themselves.” But 
of course this theory only puts off the difficulty one stage. If car- 
bonic oxide has not the power to break up oxygen, why should the 
liberated hydrogen be able to do so? The heat of formation of 
carbonic acid from carbonic oxide is greater than the heat of forma- 
tion of steam from hydrogen. M. Beketoff only leaves us with a 
greater difficulty to explain. 

The experiment, made by M. Beketoff, of firing cyanogen and 
oxygen mixed with carbonic oxide and oxygen, in the dry state, is of 
considerable interest, since it shows that the burning of the cyanogen 
affects the union of the carbonic oxide with which it is in contact. 
He considers that this result is due to the high temperature pro- 
duced by the burning cyanogen; this high temperature, he thinks, 
by breaking up the oxygen molecules causes the carbonic oxide to 
burn. M. Beketoff does not say that he analysed the residual gases ; 
had he done so, he would probably have found that the combustion 
was not complete. Some years ago (in 1884), I tried the effect of 
mixing some carbon bisulphide vapour with carbonic oxide, and with 
enough oxygen to burn them both. After the gases had been well 
dried, a spark produced a flame which traversed the whole column 
of gases, but only caused a partial combustion of the carbonic oxide. 

I have lately repeated these experiments, using different quantities 
of carbon bisulphide and cyanogen. Mixtures of carbon bisulphide 
with oxygen and with nitrous oxide sufficient for complete combus- 
tion were prepared and allowed to stand over mercury in contact 
with phosphoric oxide; a mixture of cyanogen with twice its volume 
of oxygen was also dried in the same way. Into tubes, containing 
some 40 c.c. of a mixture of carbonic oxide with oxygen or with 
nitrous oxide over mercury, phosphoric oxide was introduced, and 
the gases were allowed to dry for a week; they were then tested by 
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sparks.* Into several tubes containing the non-inflammable mixture, 
portions of the explosive mixtures were introduced, and the gases 
allowed to diffuse for 24 hours; a spark was then passed. 

In the first experiment, a dried mixture of carbon bisulphide and 
nitrous oxide (CS, + 6N.0) was added little by little to a dried 
mixture of carbonic oxide and nitrous oxide (CO + N,0). When 
17°6 per cent. of the carbon bisulphide mixture had been added, the 
gas did not inflame, but when 20 per cent. had been added, the spark 
produced a flame which traversed the tube. The carbon bisulphide 
formed 2°8 per cent. of the total mixture. After the absorption of 
sulphurous oxide by manganese peroxide, and of carbonic acid by 
potash, the residual gas exploded violently on passing a spark. The- 
analysis showed that the combustion of the carbon bisulphide was. 
not complete,t and over 90 per cent. of the original carbonic oxide- 
had escaped combustion in the first explosion. 

In a second experiment, the composition of the mixture was 


eeees 56 


After explosion, it was found that 13°8 per cent. of the original car-- 
bonic oxide was unburnt. 
In a third experiment, the composition of the mixture was 


wee 45 
Oyrcccccccccccce 47 


The combustion was practically complete at the first explosion. 
Two cyanogen mixtures were made. In the first experiment, the 
composition of the mixture was 


Op cccseccsesesn: See 


* In two of the tubes so tested, the third or fourth spark set up a flame whicl» 
traversed the whole column of gas, and appeared to linger some time at the bottom 
of the column where the phosphoric oxide was lying. The analysis of the gases. 
showed that in one case 37 per cent., and in the other 50 per cent., of the carbonic 
oxide remained unburnt. 

+ The escape of some of the readily combustible CS, shows that an inflammable- 
gas, together with an excess of oxygen, may pass through a flame. 

Professor Smithells (Trans., 1894, 65, 608) found that some unburnt cyanogen 
passed through the inner cone of a cyanogen-air flame, although some carbonic 
acid was also being produced in the flame. I see no difficulty in the view that the- 
cyanogen burns to CO in the inner cone, and this CO begins to be oxidised to CO, 
before all the cyanogen is burnt. The inner cone of the divided flame is burning 
at constant pressure; the conditions are wholly different from those of the explo- 
sion-wave. 
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that is, the cyanogen detonating gas formed 20 per cent. of the 
mixture. The spark produced an explosion in which the cyanogen 
was completely burnt, together with two-thirds of the carbonic oxide. 
After the absorption of the carbonic acid, the residual gases were 
exploded, when it was found that 32°3 per cent. of the original car- 
bonic oxide had escaped combustion in the first explosion. 

In the second experiment, the composition of the mixture was 


that is, the cyanogen detonating gas formed 35 per cent. of the mix- 
ture. In the first explosion, 13 per cent. of the original carbonic 
oxide escaped combustion. 

The chief results established by these experiments are—(i) that it 
is possible to submit the dried mixture of carbonic oxide and oxygen 
to the intimate contact of a flame without causing complete combus- 
tion, and (ii) that the quantity of carbonic oxide burnt depends upon 
the intensity of the exciting flame. 

The opinion advanced by Lothar Meyer and by Beketoff that the 
dried mixture resists explosion owing to the stability of the oxygen 
molecule, led me to try the effect of the spark on a dried mixture of 
carbonic oxide with ozonised oxygen. Some difficulty was ex- 
perienced in obtaining phosphoric oxide of sufficient purity not to act 
on the ozone. 


ORYING TUBE 


The arrangement shown in the figure was finally adopted. The 
tube AB was constricted slightly at C and drawn out at B. Phos- 
phoric oxide was placed along the tube from A to C, and the tube 
was then drawn out at A toa very fine point. The end B was con- 
nected by a paraffin joint to a long drying tube containing boiled 
sulphuric acid. A slow stream of oxygen was then sent through the 
apparatus while the tube was heated below redness in a gas furnace 
from A to C. The heating was maintained for four days in the 
stream of oxygen, after which a Siemens’ induction tube was inserted 
between B and the drying vessel. Ozonised oxygen was then passed, 
and the tnbe allowed to cool. After the stream of ozone had been 
kept up for six hours, a mixture of carbonic oxide and highly 
ozonised oxygen, which had been prepared over sulphuric acid, was 
passed through the tube so as to displace the gases in it. The fine 
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openings at A and C were then closed with paraffin, and the tube 
allowed to stand for a week. The ozone used in the experiment was 
prepared by slowly passing oxygen backwards and forwards through 
a Siemens’ induction tube five or six times between two glass gas 
holders over sulphuric acid; the carbonic oxide was then added. 

On passing a spark through the mixture between wires which 
were 7 mm. apart, there was no explosion, but a considerable halo of 
blue light appeared round the path of the spark. From an analysis 
of the gases driven from the tube by a stream of carbonic acid the 
composition of the mixture was found to be 


Oxygen and air.......... 56 


The experiment showed that a considerable quantity of ozone did not 
confer inflammability on the mixture; the resistance to explosion 
could not in this case be due to the stability of the oxygen, for suffi- 
cient ozone was present to burn two-thirds of the carbonic oxide 
present. 

Lastly, I have to discuss a view as to the part played by mois- 
ture, which has not the advantage, enjoyed by the electrolytic 
theories, of embracing many phenomena apparently cognate. This 
supposes that in the collisions of carbonic oxide and oxygen molecules 
which occur when the mixture is strongly heated, the more violent 
collisions do not result in combination because the temperature of 
the product would be above its dissociation temperature. Steam, 
however, is not so easily dissociated as carbonic acid. When violent 
collisions occur between carbonic oxide and steam molecules, chemical 
change may result, since the heat of formation of carbonic acid from 
carbonic oxide and steam is small (9,200 cals.). The liberated 
hydrogen may recombine with oxygen since steam is stable under the 
conditions. An explosion, in short, is not propagated in the dry 
gases because the temperature of direct oxidation would be too high ; 
in the presence of moisture, the explosion is propagated owing to 
indirect oxidation. The theory would a fortiori apply to the non- 
explosion of carbonic oxide and ozonised oxygen, for more heat is 
given out in the oxidation by ozone than by pure oxygen, 

But it might be objected, since the quantity of steam necessary 
is very small, the amount of heat absorbed by it must be very small, 
and therefore the temperature reached by the carbonic acid would be 
practically the same whether it were formed directly in one stage 
(evolving 68,200 cals.), or in two stages. (evolving 9,200 and 59,000 
cals.). Although the total heat evolved would be the same in the 
two cases, the temperature of the interacting molecules might be very 
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different. In the direct oxidation of carbonic oxide, the heat of forma- 
tion of 2 mols. of carbonic acid at constant volume would be sufficient 
to raise their temperature 8,030°, while in the indirect oxidation the 
same heat would be divided between 2 mols. of carbonic acid and 
2 mols. of steam. Actually, if the oxidation is effected indirectly 
by a small quantity of steam, the steam molecules must react over 
and over again, and must rise in temperature; but the fewer the 
molecules of steam, the more slowly is the flame propagated, and 
meanwhile heat is lost by conduction to the walls. Again, it 
might be urged that dilution with an inert gas, such as nitrogen, 
should, on this hypothesis, cool the gas sufficiently to allow the forma- 
tion of carbonic acid. But the molecular heat due to the direct union 
would for the moment be entirely in the carbonic acid formed, and 
would only be divided afterwards among the inert molecules. 

Although the union of carbonic oxide and oxygen might thus be 
limited by dissociation, it is not necessary to suppose that in the 
burning of a damp mixture the oxidation of all the carbonic oxide 
must be effected by the steam. On the contrary, we can imagine 
that in the flame the slower collisions between carbonic oxide and 
oxygen result in the formation of carbonic acid, 

With regard to the “inertness” of oxygen towards carbonic oxide 
in the incomplete combustion of hydrogen and carbonic oxide, I have 
stated that the phrase must be modified. In the equilibrium set up 
between the opposite chemical changes, 


CO + H,O a CO, oa H,, 
it was found that the ratio 


CO x H,O 
CO, x H, 


provided that the oxygen taken was not more than enough to combine 
with the hydrogen in the mixture; with an excess of oxygen the 
ratio altered. I compared the effect of an excess of oxygen with that 
of an excess of nitrogen; both altered the ratio in the same sense. 
Accordingly I explained the alteration by the “inertness” of the 
oxygen towards the other three gases present, namely, CO, CO,, 
and H,0. I now see that the carbonic oxide and oxygen should be 
capable of combination behind the wave-front, and should not be 
called inert. But nevertheless the explanation may be in the main 
correct, for if carbonic oxide and oxygen could only combine together 
comparatively slowly, the excess of oxygen would retard the com- 
pletion of the action, and thus have the same effect as an inert gas. 
According to the dissociation hypothesis, the hydrogen could com- 
bine with oxyyen in the wave-front, and could reduce carbonic acid, 
but the carbonic oxide could not combine with the free oxygen until 


= a constant, 
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the gases began to cool down. The period of combination would 
thus be prolonged just as the cyanogen flaws is prolonged by inert 
nitrogen. 

In the explosion of cyanogen with oxygen, the high temperature 
of the wave-front would prevent the direct union of the carbonic 
oxide formed there with the free oxygen; behind the wave-front, the 
carbonic oxide mixed with oxygen would fallin temperature below 
the dissociation point, and combination would begin. I think this 
hypothesis explains in a satisfactory way the lower intensity of the 
cyanogen flame when completely burnt, and the prolonged period 
during which the gases remain luminous behind the wave-front. I 
may add that both Bunsen and Deville held that the burning of 
carbonic oxide was retarded by dissociation. 

It has been shown that carbonic acid is formed in the passage of 
the electric spark through the dried gases. The spark also causes 
dissociation in dried carbonic acid. It may be supposed in the 
latter case that the carbonic oxide and oxygen liberated by the 
heat of the spark partially combine on cooling, while the rest, 
rapidly mixed with inert gas by diffusion, escapes recombination. 
When the spark is passed in carbonic oxide and oxygen, the gases in 
its path, at first too hot to combine, are able to do so as they 
cool. In a mixture of the three gases, an equilibrium is reached 
when the rate of combination is equal to the rate of dissociation. 

Again, the ready union of carbonic oxide and oxygen without 
flame on the surface of heated platinum may be explained on this 
hypothesis if we suppose that the platinum acts as a conductor to 
carry off the heat.* 

But though the dissociation of carbonic acid explains some of 
the anomalies that have been discovered, there are still difficulties 
to be accounted for. In Smithells’ experiment of the divided 
cyanogen flame, it is not easy to see why the carbonic oxide formed 
in the inner flame should burn in the outer when the flames are 
near together, but be extinguished on separating the two cones, 
unless we grant that freshly formed molecules have a power of 
combination which they lack when they have had time to “settle 
down.” Possibly the heated gases formed by the first flame act 
like a metallic conductor, but in that case one would expect the 
flame of burning carbon bisulphide or cyanogen, when mixed with 
the carbonic oxide, would act in a similar way. 

Brereton Baker (Trans., 1894, 617), who has carried out most 
patient and skilful experiments on the effect of moisture on chemical 
combination, is of opinion that there is a resistance to the direct 
nnion of elements (except in the nascent state), and that moisture 

* An idea suggested by Professor Oshorne Reynolds. 
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facilitates chemical union by allowing the transfer of the opposite 
electric charges of the molecules. In view of this opinion, and of 
the experiments lately made by J. J. Thomson, it appeared to me of 
interest to submit the dry mixture of carbonic oxide and oxygen to 
the Réntgen rays. Professor Schuster was kind enough to submit 
my tube to a very active discharge. The gases were contained ina 
thin soda-lime glass tube fitted with platinum wires. The Réntgen 
bulb was placed about 10 mm. from the eudiometer. Sparks having 
been passed through the dried gases without inflaming them, the 
Réntgen rays were turned on, and from time to time, during a 
quarter of an hour, a spark was passed through the gases, but no 
inflammation occurred. ‘To prove the nature of the mixture, a small 
bubble of hydrogen (less than 0°4 per cent. of the total gas) was 
admitted to the dried gases. After a few minutes had been allowed 
for diffusion, a spark was passed, causing a violent explosion. The 
Roéntgen rays, therefore, if they affect these gases at all, are not 
possessed of marked activity. 

While I think the dissociation of carbonic acid at very high tem- 
peratures may be regarded as one of the limiting factors in the re- 
action between carbonic oxide and oxygen, it would seem that there 
is some other cause limiting the direct combination of these gases 
at. lower temperatures. 


Owens College, 
Manchester. 


XLVIT.—On the Detonation of Chlorine Peroxide. 
By Professor H. B. Dixon, M.A., F.R.S., and J. A. Harker, D.Sc. 


M. Bertue.or (Sur la Force des Matiétres Explusives, 1, 109) discovered 
the fact that certain endothermic gaseous compounds, e.g., acetylene, 
cyanogen, and nitric oxide, could be decomposed by the detonation of 
a small charge of fulminate. The sudden shock arising from the 
fulminate is communicated, according to M. Berthelot, to the gas 
immediately round it, breaking down the chemical compound with 
liberation of heat; the heated molecules so produced in turn act on 
their neighbours, and thus the decomposition is propagated from 
layer to layer with the violence and the velocity characteristic of the 
explosion-wave. 

In 1889 Dr. Thorpe described to the Chemical Society the explosion 
of carbon bisulphide vapour, produced by means of a detonator. He 
adopted M. Berthelot’s view, that the decomposition was of the nature 
of the explosion-wave. 
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According to this view, it would seem that the explosion, once 
initiated, should travel as far as the gas extends, and that the rate of 
the explosion should conform to the laws governing the propagation 
ofthe explosion-wave in gaseous mixtures. It appeared of interest, 
therefore, to determine whether the explosion, set up by the shock of 
the fulminate, was propagated along a tube filled with one of these 
endothermic gases; and, if so, to measure the rate at which the flame 
was propagated. 

In 1891 we made experiments on acetylene and carbon bisulphide. 
In neither case could we succeed in setting up a true explosion-wave 
in.a tube filled with these gases. Our explosion apparatus consisted 
of asteel bomb, holding 400 c.c., connected with a strong glass or a 
steel tube of 15 mm.Jinternal diameter. A copper detonator holding 
1 gram of fulminate was fired in the middle of the bomb. With 
acetylene, although the gas was completely decomposed in the bomb, 
the decomposition never extended more than 15 cm. down the tube. 
With the vapour of carbon bisulphide, on the other hand, the flame 
was more intense, and it travelled from 2 to 23} metres along the tube. 
The deposit of carbon and sulphur along the tube became gradually 
thinner until the explosion died out. A true explosion-wave was not 
set up (Manchester, Memoirs, 1892). Last year M. Maquenne pub- 
lished in the Comptes Rendus some similar results with nitrous oxide 
and acetylene. 

With chlorine’ peroxide, however, even when diluted with other 
gases, we have found that the explosion is propagated through a long 
tube. 

The chlorine peroxide mixed with oxygen (and a trace of chlorine) 
was evolved by warming sulphuric acid and chlorate of potassium in 
a glass flask by, means of a water bath; the gas was washed in a 
small bulb, and, passing through a sampling vessel, was conveyed by 
flexible glass tubing to the lower end of a long and stout glass tube, 
AB, 9°9 metres long, inclined at an angle of 30°. The two ends of 
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the long tube (made for us by Messrs. Molyneux and Webbe) were 
fitted with steel flanges, so that they could be readily clamped up to 
the two “ bridge pieces.” These bridge pieces, EF, CD, were steel 
tubes with taps at one end and flanges at the other. In both, an 
insulated bridge of silver foil was stretched across the tube close to 
the flange, by which an electric current was carried to the electro- 
magnetic stylus on the chronograph. The silver bridge was coated, 
for protection, with paraffin. The lower bridge piece CD was bent; 
it was a metre in length, and was fitted with firing wires near the 
tap. 

The chlorine peroxide passed into the tube without coming into 
contact with the metal flange, or any material other than glass. The 
explosion-tube. was inclined, because it was found that the heavy 
peroxide flowed along the bottom of the tube without pushing the air 
before it when the tube was horizontal. When the long tube was 
filled, the flow of gas was diverted. The upper bridge piece was first 
clamped on, and then the lower; both being previously filled with 
electrolytic gas. On passing a spark through the electrolytic gas, 
the explosion-wave was set up, and this was communicated in turn to 
the chlorine peroxide in the glass tube. The flame was seen to sud- 
denly illuminate the whole glass tube, the passage of the flame being 
too rapid to be followed by the eye. 

We had many premature explosions of the gas, usually set up in 
the long tube. Only once did the explosion appear to start in the 
generating flask. At first, we attempted to prepare pure chlorine 
peroxide, but found it was impossible for us to fill the long tube and 
clamp on the bridge pieces without firing it; even with the diluted 
mixtures we used, we made seven experiments running, all of which 
failed at the last moment. The analysis of the sample showed con- 
siderable variations in the proportion of chlorine peroxide present, 
and we cannot be sure that the samples were of exactly the same 
composition as the gas in the tube. 

Two experiments, we think, gave fairly trustworthy results :— 

Composition Rate of explosion, 
of mixture. in metres per sec 


1065 


1126 


The rate of explosion of chlorine peroxide is thus of the same 
order as the rate of explosion in gaseous mixtures, in hydrogen and 
chlorine, for example. Unfortunately, the heat of formation of 
chlorine peroxide has not been determined, so that we cannot com- 
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pare the observed rate with the theoretical velocity calculated 
according to Berthelot’s formula, or according to the “sound wave” 
hypothesis. Working backward from the latter, we should predict 
a heat of formation for ClO, of —15,800 cals. from the first experi- 
ment, and of —16,800 cals. from the second. It would be of interest 
to check this result by direct experiment. 

From the density of the mixture and the velocity of the explosion, 
the pressure produced in the wave may be calculated by Riemann’s 
equation.* According to this calculation, the faster explosion gene- 
rated a pressure of 31 atmospheres in the wave. 


Owens College, 
Manchester. 


XLVIII.—Morin. Part 1. 
By Hermann Basiicu, Ph.D., and A. G. Perkin, F.R.S.E. 


Tue yellow colouring matter, morin, exists, as has been known for 
some time, in old fustic, the wood of Morus or Maclura tinctoria, and 
has lately been shown by one of us and F. Cope (Trans., 1895, 67, 
937) to be also present in the Indian dyestuff “ jackwood ” (Artocarpus 
integrifolia). When pure it appears as a glistening mass of almost 
colourless needles, soluble in alkalis with a yellow coloration, and 
yielding, with aluminium mordants, very beautiful bright yellow 
shades. 

Hlasiwetz and Pfaundler (A nnalen, 1863, 127, 352) assigned to morin 
the formula C,,H,O;,H,O, and described various crystalline monobasic 
salts to support this formula. Liéwe (Zeit. anal. Chem., 1875, 14, 
119), however, considered the formula C,,H,O; + 2H,0 as more 
probable, and he obtained.a lead salt, 2PbO,C,;H,,0;; but although the 
percentage composition of the latter corresponded with this formula 
the molecalar weigiitt of morin was still open to doubt, it being con- 
sidered by some as isomeric with maclurin, C,;HjO,, which, on 
analysis gives closely similar numbers. By means, however, of the 
compounds of morin with mineral acids, it was recently established 
by one of us and L. Pate (Trans., 1895, 67, 644) that its true 
formula is C,;H»O;, it being thus isomeric with quercetin. These 
acid compounds of morin are very similar to those of quercetin and 
fisetin, and differ from them only in the fact that during the forma- 
tion of the sulphuric acid compound 1 mol. of water is eliminated. 

By gentle reduction with sodium amalgam in acid solution, morin 


* See Prof. Schuster’s note, Phil. Trans., 1893, 184, 152. 
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yields phloroglucinol and isomorin (Hlasiwetz and Pfaunlder, 
Jahresber., 1864, 537), a substance which in alkaline solution is 
readily reoxidised to morin ; but when reduced in alkaline solution, it 
yields phloroglucinol and f-resorcylic acid (Hlasiwetz and Pfaundler, 
loc. cit.; Benedikt and Hazura, Mcnatsh., 1895, 5, 167). By fusion 
with alkali, morin yielded resorcinol, phloroglucinol, and oxalic acid, 
and when oxidised with nitric acid B-resorcylic acid was the principal 
product. When distilled with sand (Benedikt, Ber., 1875, 8, 606), 
morin yields, besides resorcinol, a substance paramorin, C,H,O;, 
which crystallises from water in fine yellow needles. 

Of the substitution products of morin, three only have been de- 
scribed, namely, morinsulphonic acid, C,;H,O;HSO,; (Benedikt, and 
Hazura, loc. cit.); tetrabromomorin, C,,H,Br,O;; and tetrabromo- 
morin ethyl ether, C,;H;Br,0;C,H; + 4H,0. The latter is formed by 
the bromination of morin in alcoholic solution, and can be converted 
into the free tetrabromo-derivative by digestion with zinc chloride 
solution and fuming hydrochloric acid (Hlasiwetz and Pfaundler, 
doc. cit.). 

During the further study of the acid compounds of the natural 
yellow colouring matters, an account of which it is hoped shortly to lay 
before the Society, it was desirable to obtain some insight into the 
constitution of this colouring matter, and the following investigation 
was therefore instituted. 


EXPERIMENTAL Part. 


In the purification of the morin for this investigation, a method pre- 
viously described was emplcyed (Trans., 1895, 67, 650), namely, recrys- 
tallising it twice from alcohol and then converting the product into 
its hydrobromic acid compound to remove maclurin. After washing 
with acetic acid, the acid compound was decomposed by hot water 
in the presence of acetic acid, and the morin thus obtained in a pure 
condition. 

Before proceeding with new work, it was thought advisable to 
restudy the decomposition of morin by fusion with alkalis, and its 
fbehaviour towards bromine. 


Action of Fused Alkalis ou Morin. 


Morin was heated at 150—160° for half an hour with 10 times its 
weight of potassium hydroxide dissolved in a little water; the melt 
avas dissolved in water, the solution neutralised with acid, extracted 
with ether, the extract evaporated, and the residue dissolved in a 
little caustic potash. After saturation with carbonic anhydride, the 
alkaline liquid was extracted with ether, the residue left on evaporat- 
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ing the ethereal extract being tested for phloroglucinol with the 
result that its presence was clearly proved. 

To isolate the second product of the action, the remaining alkaline 
solution was neutralised with acid and extracted with ether; on 
evaporating the ethereal extract, a crystalline residue was obtained, 
which, after recrystallisation from water, formed colourless needles: 
melting at 206°; these, when dissolved in water, gave a red-violet 
coloration with ferric chloride. It had all the properties of A-resor- 
cylic acid, and was found to be identical with it. As mentioned 
above, the products of this action previously obtained by others are 
phloroglucinol and resorcinol, the latter no doubt resulting from the 
decomposition of the resorcylic acid by the use of a higher tempera- 
ture and longer heating. 


Action of Bromine on Morin. 

The study of this reaction was first carried out according to the 
directions of Benedikt and Hazura (loc. cit.). 

To a solution of 5 grams of morin in 100 c.c. of alcohol, 9 grams 
of bromine were added, the mixture being then allowed to stand 
overnight. On the addition of water, the solution gradually deposited 
a dirty white precipitate, which was collected and purified by crys- 
tallisation from dilute alcohol. An ethoxy-determination of this 
substance by Zeisel’s method gave the following result. 

0°8772 gave 0°3260 AgI. C,H; = 4°56. 

C,sH;Br,0,-OC,H; requires C,H; = 4°48 per cent. 

In order to convert the tetrabromomorin ethyl ether into tetra- 
bromomorin, the above authors recommend digesting it with zinc 
chloride and fuming hydrochloric acid. The hydriodic acid liquid 
from the above estimation was, however, found to contain tetrabromo-- 
morin in almost theoretical quantity, and this appeared to us to be a 
far preferable method for decomposing the ethyl ether. 

The yield of tetrabromomorin by this alcohol process being but 
indifferent, experiments were carried out on the bromination of morin 
suspended in acetic acid, this method, as is well known, giving excel-- 
lent results with quercetin and luteolin. After standing for 24 hours,. 
the pasty mass thus produced was drained upon a porous tile, and. 
purified by crystallisation from acetic acid. On analysis 


0°1320 gave 0°1424 CO, and 0:0180 H,O. C = 2940; H=1°51. 
C,;H,Br,O; requires C = 29°12; H = 0°97 per cent. 


The yield of tetrabromomorin obtained by this process averaged 


80 per cent. by weight of the morin employed, being a far better 


result than that obtained by the alcohol method. If the product of 
the action of an acetic acid solution of bromine on morin be poured 
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into water, and the insoluble tetrabromomorin removed, the filtrate, 
on standing several days, gradually deposits a small quantity of a 
colourless, crystalline precipitate. This was collected and purified by 
several crystallisations from water. It then appeared as colourless 
needles, melting at 135°, This substance at first sight appeared to 
be tribromophloroglucinol, which melts at 149—151° (Hazura, 
Benedikt, Monatsh., 1885, 6, 704), but numerous crystallisations did 
not raise the melting point given above, and, moreover, a bromine 
determination gave higher numbers (68°8 per cent.) than those 
required for tribromophloroglucinol (66°11 per cent.). It therefore 
suggested itself that here was probably a mixture of tribromoresor- 
cinol and tribromophloroglucinol, both of which could well result 
from a decomposition of morin by means of bromine. As is well 
known, tribromophloroglucinol, when reduced in acid solution, is 
converted into phloroglucinol, and the latter can then readily be 
detected by means of the red coloration it gives with firwood and 
hydrochloric acid. The substance melting at 135° was examined in 
this way, and distinct evidence was thus obtained of the presence of 
tribromophloroglucinol. 


When morin is digested with acetic anhydride and sodium acetate 
in the usual manner, or with acetyl chloride, for the purpose of 
obtaining an acetyl derivative, a colourless product is produced, 
which is difficult to crystallise, apparently on account of its very 
ready solubility in the usual solvents. After repeated purification, a 
small quantity was obtained in a crystalline condition, although still 
impure, but as, however, the tetrabromomorin yielded an acety] 
compound more readily purifiable, the acetylisation of morin itself 
was not further studied. The same was the case with the benzoyl 
derivative of morin, for although this is more readily crystallised 
than the acetyl derivative, yet, on account of its ready solubility, 
analysis showed that even after numerous crystallisations it was still 
contaminated with benzoic acid. 

Pentacetyltetrabromomorin.—A mixture of one part of tetrabromo- 
morin, one part of anhydrous sodium acetate, and three parts of 
acetic anhydride was boiled for one hour, the product poured into 
water, and after being allowed to remain for 24 hours, it was col- 
lected and purified by several crystallisations from alcohol. 


0°1474 gave 0°2010 CO, and 00358 H,O. C = 371; H = 26. 
01158 ,, 01038 AgBr. Br = 381. 
03958 ,, 03523 ,, Br = 37°92. 
€,;HO,(Br,)(C,H,0)s requires C = 36:9; H = 1:93; Br = 38°18 p.c. 
C,sH,0,(Br,)(C:H,0), ,, Br=4071p.c. 
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It was obtained as colourless, prismatic needles, melting at 
192—193°. On long boiling with alcohol, in which it is moderately 
soluble, it appears to undergo slight decomposition. 

To determine the number of acetyl groups present in this com- 
pound, it was dissolved in a little boiling acetic acid, and the solution 
digested, after adding a few drops of sulphuric acid. On cooling, a 
semi-solid, crystalline mass of tetrabromomorin was obtained, which 
was treated with water, collected, washed, and dried at 160°. 


0°5368 gave 0°4024 Cy3HyO;. C,;H,,0, = 74°94, 
C,;HO,(C,H;0),Br, requires C,;H 0; = 74°63. 


It was therefore a pentacetyl derivative, and it is thus evident- 


that there are five hydroxyl groups in morin itself. 

Methylation of Morin.—To morin dissolved in a methylic alcohol 
solution containing five molecular proportions of caustic potash, 
excess of methylic iodide was added, and the whole digested at the 
boiling temperature for two days ; to this solution five parts more of 
caustic potash dissolved in a little methylic alcohol was added, and 
the boiling continued for two days longer. After removing the 
methylic iodide and the greater portion of the alcohol by distillation, 
the residue was treated with water, extracted with ether, and the 
ethereal solution washed with dilute alkali and evaporated to dryness. 
The yellowish-brown oily mass thus obtained did not crystallise on 
standing; on dissolving it in boiling alcohol, however, and allowing 
the solution to stand for some hours, it deposited a crystalline 
product, which was collected and purified by several crystallisations 
from alcohol. 


0°1404 gave 0°3260 CO, and 0°0646 H,O. C = 63°38; H = 5:11. 
071102 ,, 02566 ,, ,, 00540 ,, C = 63:50; H = 5°44. 
0°1494 by Zeisel’s method gave 0°3780 Agl. CH; = 16:15. 
C,;H,0;(OCH;), requires C = 63°68; H = 5°02; CH; = 16°76. 


The preliminary experiments on the methylation of morin were 
carried out with samples of morin which had been purified simply by 
recrystallisation from alcohol, with the result that the product 
obtained would not yield crystals when treated as above. Although 
morin when thus purified gives correct numbers on analysis, it still 
contains maclurin, for this has a similar percentage composition. It 
is indeed difficult to be certain when a sample of morin is chemically 
pure, unless it has been previously converted into the acid compound, 
and the treatment previously described in this paper has been resorted 
to. When purified by this means, no difficulty is experienced in 
obtaining from it a crystalline methyl ether. 

Morin tetramethyl ether was obtained as a glistening mass of pale 
yellow needles, melting at 131—132°, moderately soluble in alcohol. 
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As has been shown above, morin contains five hydroxyls, and it is 
thus evident that one of these resists methylation. To be absolutely 
certain, however, of this, the behaviour of the methyl ether towards 
acetic anhydride was studied. One part of the ether, one of 
anhydrous sodium acetate, and excess of acetic anhydride were boiled 
for one hour, and the product then poured into water. After stand- 
ing 12 hours, the colourless product was collected, drained upon a 
porous tile, and purified by crystallisation from alcohol. 


01068 gave 0:2466 CO, and 0-0474 H,O. C = 6297; H = 493. 
C,sH,0;(OCHs),(C.H;0) requires C = 63:00 ; H= 5:00 per cent. 


Monacetylmorin tetramethyl ether forms colourless needles, melting at 
167°, sparingly soluble in alcohol. Morin therefore contains an 
hydroxyl group which resists methylation, and, as has been discussed 
in previous communications, this hydroxyl is evidently in the ortho- 
position relatively toa carbonyl group. To further support this fact, 
experiments were carried out to determine if morin tetramethyl ether 
would yield a potassium salt, this reaction having been shown by 
Kostanecki (Monatsh., 1891, 12, 318—322) to be a property of this 
class of substance. A saturated solution of morin tetramethyl ether 
in boiling alcohol, when treated with a few drops of alcoholic potash, 
deposited, on cooling, a mass of yellow needles of the potassium 
salt; these, when treated with water, were slowly decomposed, with 
regeneration of the free tetramethyl ether. 


Decomposition of Morin Tetramethyl Ether with Alcoholic Potash. 


Morin tetramethyl ether was heated with 10 parts of alcoholic 
potash in a sealed tube at 150—170° for two hours. The resulting 
light brown coloured liquid was extracted with ether to remove any 
trace of unchanged substance, and the aqueous solution saturated 
with carbonic anhydride. After extraction with ether (A), the liquid 
was neutralised with acid, again extracted with ether, and the latter 
ethereal extract (B) evaporated to dryness. The light brown, some- 
what sticky residue, which did not crystallise on standing, was 
digested with a little boiling water, filtered, and the crystals which 
separated from the filtrate on cooling, were purified by recrystallisa- 
tion from water. The product formed colourless needles, melting at 
107—108°, and had the properties assigned to B-resorcylic acid 
dimethyl ether, with which it was evidently identical. The ethereal 
extract (A) on evaporation left a brown, sticky product, which gave 
the phloroglucinol reaction. 

Morin Dimethyl Ether —That portion of the product of the methyla- 
tion of morin soluble in alkali, was dissolved in ether and the ethereal 
solution evaporated to a small bulk. A semi-crystalline deposit 
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separated on cooling, and from this the mother liquor was decanted 
and the residue dissolved in a little boiling alcohol. After standing 
for some hours, the crystals, which were then deposited, were collected, 
drained upon a porous tile, and crystallised first from alcohol, and 
finally from acetic acid. 


0-0980 gave 0'2216 CO, and 0:0370 H,O. C = 61:64; H = 428. 

0:1424 ,, by Zeisel’s method 0°1955 Agl. CH; = 8:76. 
C,;H,0;(OCHs). requires C = 61°81; H = 4:24; CH; = 9:09 p. c. 

Morin dimethyl ether is obtained as a glistening mass of yellow 
needles melting at 225—227°, moderately soluble in alcohol. 


Theoretical Considerations. 

The results of this investigation show that morin, C,;H,.0;, con- 
tains five hydroxyl groups, but that, as it yields only a tetramethyl 
ether, one of these hydroxyls is in the ortho-position relatively to a 
carbonyl group. The tetramethyl ether, on decomposition with alco- 
holic potash, yields resorcyiic acid dimethyl ether, showing that in 
the original molecule the hydroxyl groups of the resorcinol nucleus 
are intact. Further, in respect to the fact that morin forms a tetra- 
bromo-derivative, and that on fusion with potash it yields phloro- 
glucinol and #-resorcylic acid, the work of others has been 
corroborated. 

If the reactions of morin and quercetin be compared, a close 
similarity between these two yellow colouring matters is apparent, 
as they both combine with mineral acids, and contain five hydroxy] 
groups, one of which in each case is in the ortho-position relatively 
to a carbonyl group. Moreover, when fused with alkali, they yield 
respectively phloroglucinol and f-resorcylic acid, and phloroglucinol 
and protocatechuic acid and their tetramethy] ethers when decomposed 
with alcoholic potash give the dimethyl ethers of these acids. 

Herzig has shown (Ber., 1895, 28, 292) that the formula of quer- 
cetin is 
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and the above results show that with little doubt the formula of 
morin may be represented as that of quercetin, in which the catechol 
nucleus has been displaced by resorcin, thus 
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As stated in the preceding paper, the fact that morin combines 
with mineral acids appears also to support this view. 

The above formula for morin is interesting when considered in 
connection with its mordant dyeing properties, in that it does not 
contain two hydroxyl groups in the ortho-position relatively to one 
another, which is an essential characteristic of the dyes of the anthra- 
quinone class. In this peculiarity, it may be classed with chrysin 
and gentisein, 


O O 
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Chrysin. Gentisein. 


both of which are yellow mordant dye-stuffs. 

Quercetin in its catechol nucleus, contains two hydroxyls in the 
ortho-position relatively to one another but that to this is due its 
colouring property is doubtful, for morin dyes equally as well as 
quercetin. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College. 


XLIX.—Luteolin. Part IT. 
By A. G. Perkin, F.R.S.E. 


IN a previous communication (this vol., 206), it was shown that the 
true formula of luteolin is C,;H,O,, a fact determined by the ex- 
amination of its compounds with mineral acids and with bromine. 
The production of a tetracetyl and tetrabenzoyl compound also proved 
it to contain four hydroxyl groups, and a preliminary study of the 
behaviour of its alkali salt towards methylic iodide resulted in the 
production of a compound containing three methoxy-groups only. 
Since the publication of my results, Herzig (Ber., 1896, 29,1013) has 
published a short paper in which he states that he is also working on 
luteolin, and at the same time mentions its acetyl derivative, methyl 
ether, and its behaviour towards fused alkalis. I must express my 
thanks to this gentleman for his courtesy in allowing me to see the 
manuscript of his paper before forwarding it for publication. As, 
through press of other work, I may be unable to complete my ex- 
amination of this colouring matter for some little time, it appeared to 
me advisable to lay before the Society the net results that have been 
VOL. LXIX. 3H 


800 PERKIN: LUTEOLIN. 


obtained, especially as they have an important bearing on its con- 
stitution. 
Ethylation of Luteolin. 


One part of luteolin dissolved in a solution of 10 parts of caustic 
potash in ethylic alcohol, was boiled with excess of ethylic iodide and 
digested for 24 hours. After removal of the excess of ethylic iodide 
and the greater part of the alcohol by distillation, the residue was 
poured into water, the precipitated product dissolved in ether, and 
the ethereal solution, after being washed with dilute alkali, evapor- 
ated to a small bulk. The crystalline mass which separated on 
cooling was collected and crystallised repeatedly from alcohol until 
it had a constant melting point. On analysis, 


0°1294 gave 0°3225 CO, and 0:0730 H,O. C = 67:97; H = 6:26. 
0'1555 ,, (by Zeisel’s method) 0°3000 AgI. C,H, = 23°79. 
C,;H,O,(OC-.H;); requires C = 68°11, H = 5°95, C,H; = 23°51 p. c. 

Luteolin triethyl ether is obtained as a glistening mass of light 
yellow needles melting at 131—132°, readily soluble in boiling, but 
almost insoluble in cold alcohol. It is insoluble in alkalis. 

The residual hydriodic acid mother liquor from the Zeisel deter- 
minations was poured into water, treated with excess of sodium 
hydrogen sulphite solution, and the yellow flocculent precipitate which 
was produced was collected and crystallised from dilute alcohol. It 
formed a mass of light yellow needles, and was without doubt luteolin, 
for it yielded a colourless acetyl derivative melting at 213—215°. 
Herzig (loc. cit.) states that he has found the melting point of acetyl 
luteolin to be 225—227°. Feeling that it was possible some mistake 
might have occurred, I re-examined the melting point of my prepara- 
tion, and, moreover, recrystallised it from alcohol with the result that 
the previous melting point, 213—215°, was not altered. By conduct- 
ing the operation with rapidity, a slightly different result could be 
obtained, bnt in no case more than three degrees higher, and I there- 
fore consider the melting point, 213—215°, to be correct. In experi- 
menting with this tetracetyl-luteolin, I have observed that unless the 
product, which is of an exceedingly light and fluffy nature, is in good 
contact with the sides of the tube, erroneous results are liable to be 
obtained, and it is possible that this may account for the discrepancy 
above referred to. 

It having been previously shown that luteolin contains four 
hydroxyl groups, whilst only a triethyl ether could be obtained, it 
appeared evident that the latter contains an hydroxy! group which 
resists ethylation; this being the case, it should yield an acetyl 
derivative. 


To determine this point, one part of luteolin triethyl ether was 


a 
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digested with one part of anhydrous sodium acetate and a slight excess 
of acetic anhydride for an hour; the solution was then poured into 
water and allowed to remain for 24 hours, when the colourless pre- 
cipitate was collected, drained upon a porous tile, and purified by 
crystallisation from alcohol. 
01196 gave 0°2934 CO, and 0:0654 H,O. C = 66:90; H = 6-07. 
C,;H,O3(C,H;0)(OC,H;); requires C = 66°99; H = 5°82 per cent. 


Monacetyl-luteolin triethyl ether crystallises in colourless needles 
melting at 185—186°, sparingly soluble in alcohol. 

It has been shown by Kostanecki (Monatsh., 1891, 12, 318—322), 
with the xanthones and chrysin (Ber., 1893, 26, 2901), by Herzig 
with quercetin (Monatsh., 5, 72—93), by Schunck and Marchlewski 
with alizarin (Trans., 1894, 65, 185), and by myself with resorcylic 
acid (Trans., 1895, 67, 995), that it is not possible to ethylate 
by known methods the hydroxyl group occupying the ortho- 
position relatively to the carbonyl group in these substances. 
Kostanecki has, moreover, shown (loc. cit.), in the case of the ethers 
of gentisin and chrysin, that such compounds, when treated with 
alcoholic potash in alcoholic solution, yield intensely yellow, crystal- 
line, potassium salts, which, however, on treatment with water, are 
decomposed, more or less readily, into potassium hydroxide and the 
free ether. Experiments with luteolin triethyl ether yielded a 
similar result, for, when a boiling alcoholic solution of this substance 
was treated with a few drops of alcoholic potash, glistening, yellow 
needles of the potassium sult were deposited, which, when treated 
with water, were at once decomposed yielding the free triethyl] ether. 
It, therefore, appears that one of the hydroxyls in luteolin is in the 
ortho-position relatively to a carbonyl group. 


Decomposition of Luteolin with Fused Alkalis. 


It was previously shown (loc. cit.) that when luteolin is fused with 
potassium hydroxide, protocatechuic acid and a nearly colourless 
crystalline substance melting at 210° are the principal products. As 
this gives no coloration with chloride of iron, it was considered not 
to be phloroglucinol, although its melting point* indicated this sub- 
stance. Herzig has stated (private communication and loc. cit.) that 
with small quantities of phloroglucinol the ferric chloride reaction was 
not trustworthy, a fact of which I was not aware, and that my sub- 
stance was very probably phloroglucinol, as he had obtained evidence 
of its presence in the products of the action of fused alkali on luteolin 
by means of the fir wood and hydrochloric acid test. A small quantity 

* The melting point of phloroglucinol varies according to the rapidity with which 
it is heated; on slowly heating (Baeyer, Ber., 1886, 19, 2186) it melts at 200—209°, 
and when quickly heated at 217—219°. 
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of luteolin was therefore again treated with fused alkali, and the pro- 
ducts of the reaction separated as before; a solution of the substance 
melting at 210° gave the phloroglucinol reaction by the fir wood test. 
Luteolin, therefore, on fusion with alkali yields protocatechuic acid 
and phloroglucinol. 


Decomposition of Luteolin Triethyl Ether with Alcoholic Potash. 


Aithough only a small quantity of the triethyl ether was available 
it was of interest to determine whether it would yield protocatechuic 
acid diethyl ether on treatment with alcoholic potash, as the ethyl] 
ethers of both quercetin and fisetin yield this compound under such 
circumstances. 

The triethyl ether was, therefore, heated with 10 parts of alcoholic 
potash in a sealed tube at 130—140° for two hours, it having been 
previously found that it was but little attacked by digestion at 100°. 
The light brown liquid obtained was poured into water, extracted 
with ether which removed a trace of a light yellow substance, and 
the solution saturated with carbonic anhydride. After extraction 
with ether, the liquid was neutralised with acid, and the colourless 
precipitate collected and purified by crystallisation from alcohol. A 
mass of colourless needles was thus obtained which melted at 
165—166°, and had all the properties of protocatechuic acid diethy} 
ether. 

The ethereal extract of the liquid that had been treated with 
carbonic anhydride, on evaporation, yielded a light brown oily resi- 
due, which gave the phloroglucinol reaction. The quantity, how- 
ever, was too small to admit of purification. 

As previously stated, preliminary experiments on the methylation 
of luteolin resulted in the isolation of a methylic ether melting at 
191—192°; this closely resembles the ethylic ether, in that it has 
now been found to have the formula C,;H,O,;(OCH;), and to yield a 
monacetyl derivative, C,;H,O,(OCH;),°C,H;,O (melting at 174—175°), 
and a yellow potassium salt. I hope shortly to be able to complete 
my examination of this substance. 


Theoretical Considerations. 
Fisetin and quercetin have been shown by Herzig (Ber., 1895, 28, 
293) and Kostanecki (ibid., 2302) to be derivatives of —— 
pheno-y- saa quercetin being a hydroxy-fisetin, thus 
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In the previous communication, a resemblance between luteolin and 
fisetin was pointed out in that they both had the same formula, contained 
four hydroxyl groups, and yielded dibromo-derivatives. Moreover, 
on fusion with potash, both give protocatechuic acid as one of their 
decomposition products, and they also combine with acids. On the 
other hand, as shown in this communication, in its alkyl derivatives 
luteolin more closely resembles quercetin, in that the latter, unlike 
fisetin, contains a hydroxyl in the ortho-position relatively to a 
carbonyl group. Quercetin also, on fusion with alkali, yields not 
only protocatechuic acid, but also phloroglucinol. It should also be 
remarked that when the ethylic ethers of luteolin and quercetin are 
digested with alcoholic potash, in each case the diethylic ether of 
protocatechuic acid is produced, showing that in the original molecule 
the hydroxyl groups of the catechol are intact, whereas one of those 
of the phloroglucinol nucleus is not. Most probably, therefore, the 
constitution of luteolin must be thus represented 


O y OH 
a 
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this formula differing only from that of quercetin in that it contains 
no hydroxyl group in the pyrone ring. In other words, quercetin is 
also a hydroxy-luteolin. The acid compounds of luteolin appear to 
support this formula, for a further study of the behaviour of the 
natural yellow colouring matters towards acids, an account of which, 
I hope shortly to lay before the Society, has so far resulted in the fact 
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that no members of the xanthone, | | ; or benzophenone 
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class, have been yet found which possess the property of combining 
with mineral acids, and it appears probable that this is a general 
reaction for the yellow colouring matters of the pheno-y-pyrone 
class. 

The absence in luteolin of a hydroxyl group in the pyrone ring 
may account for the greater permanency of its shades upon mordanted 
fabrics, as compared with those obtained with quercetin and fisetin. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College. 
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L.—Constitution of the Cereal Celluloses. 
By C. F. Cross, E. J. Bevay, and Craupe Samira. 


Tue general bearings of the subject of this communication have 
been dealt with in previous papers (Trans., 1894, 65, 472; 1895, 67, 
433; Ber., 1893, 26, 2520; 1894, 2'7, 1061; 1895, 28, 1940 and 
2604; J. Amer. Chem. Soc., 1895, 17; 1896, 18, 8; Chem. News, 
1896, 73, 307). We have since followed up the special problem of 
the constitution of the cereal celluloses, more particularly with refer- 
ence to the identity of their furfural yielding groups. 

These celluloses we have assumed to be a complex of hexose 
groups on the one hand, and of groups allied to the pentoses on the 
other. That pentose molecules are not present as such is extremely 
improbable by reason (1) of the resistance of these celluloses to 
alkaline hydrolysis, (2) of their not giving the characteristic reaction 
with phloroglucinol and hydrochloric acid. 

It is probable also, from the mode of formation of these celluloses 
in the plant, and the severe conditions of the alkaline hydrolysis by 
which they are isolated from the straws, that the complex is not a 
mixture of two celluloses, but a uniform aggregate of the two groups 
of molecules. The first object of the investigation was to determine 
the conditions of acid hydrolysis which would give a satisfactorily 
sharp separation of the constituent groups. The process ultimately 
adopted leaves nothing to be desired in this respect; the furfuroids 
are easily obtained in solution at the same time that the normal 
hexose groups are separated as a cellulose having the ordinary 
characteristics, and retaining only a fraction of the former group. 
Moreover, the furfuroids are obtained directly in a condition of mole- 
cular simplicity, which very much facilitates the work of determining 
the constants by which their identity is established. For the pur- 
poses of this preliminary discussion, we may anticipate the experi- 
mental proof of their identity. We shall be able to show that the 
members of this characteristic group of plant constituents are formal 
derivatives of a pentose, probably xylose. 

A xylose monoformal, aggregated to its cellulosic form, is an addi- 
tion to plant physiology, explaining many hitherto obscure points in 
the relationships of the furfural yielding carbohydrates. 

It will be observed that a pentose monoformal, which we may 


represent as C.H.0;<0>CH,, has, the empirical composition ot 


normal cellulose, C;sHyO;. It appears also that the compound is 
formed in the plant from a hexose; and the process may be explained 
as the result of an oxidation of the terminal carbon atom, the 


« ¥ 


* 
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changes being formulated briefly as follows: ...CH-OH-CH,-OH 
becomes... CH,-OH and H-COH; formaldehyde is, however, not 
set free, but remains united by oxygen linking to the new pentose 
residue. 

The oxidation is, therefore, one of internal rearrangement, that is 
without addition of oxygen from without. Transformations of this 
order are recognised as characteristic of the carbohydrates (Lobry de 
Bruyn, ec. Trav. Chim., 1894, 14, 213), and it is unnecessary to 
enlarge on the probability of their occurrence in the plant. We have 
only to point out that the latter view of the origin of these compounds, 
is to be preferred, since all the evidence as yet available tends to 
negative the view that the pentoses are formed directly in the assimi- 
lating process (KE. Fischer, Ber., 1894, 2'7, 3230; De Chalmot, Ber., 
1894, 2'7, 2723), and further the association of the pentose and 
formyl residues in the original complex is quantitative, whereas on 
the former view there might very well occur a mixed complex of 
pentose or pentosan groups with the compounds in question. 

Our present view, therefore, is that the terminal carbon atom of a 
hexose is first oxidised by internal rearrangement, and that the C-—C 
union is then resolved, and oxygen linking substituted. 

The question of the origin of the pentoses proper in the plant has 
been dealt with by De Chalmot in a series of publications (Amer. 
Chem. J., 1894, 16, 589; and also by Tollens, Kohlenhydrate, 2,60). De 
Chalmot regards the pentoses as formed by the destructive oxidation 
of the terminal CH,-OH group of a hexose and elimination of the 
carbon as carbonic anhydride, but has been somewhat sceptical in 
regard to our contention that this oxidation may occur by stages, 
and that the intermediate terms are represented in plant tissues. 
Tollens has more recently dealt with the subject experimentally, and 
one of his recent communications (Zeit. angw. Chem., 1896, 2) con- 
tains the results of a preliminary investigation of possible solutions 
of this problem suggested by the introduction of a second CO group 
into the molecule of a hexose. By the action of potassium perman- 
ganate on starch, he obtained, in addition to formic acid in consider- 
able quantity, an oxidised product which yielded furfural when 
boiled with dilute hydrochloric acid, and gave a characteristic purple 
reaction with phloroglucinol and hydrochloric acid. This colour 
reaction, which is quite distinct from that of the pentoses, is 
characteristic of the products of acid hydrolysis of the cereal cellu- 
ioses, that is, of the formal-pentoses. There is ample ground for 
expecting the formation of similar products. With the more positive 
indications of identity, furnished by the results detailed in this 
paper, it will be easy to ascertain the presence, in complicated mix- 
tures such as were obtained by Tollens, of intermediate terms of the 
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series, hexose : formal-pentose : pentose formate : pentose, so that a 
subject which for some time past has been dealt with by hypothesis 
framed from opposite but converging points of view, is now in the 
more satisfactory position of being attacked by definite experimental 
methods. 

We proceed to a brief description of our experimental results, 
which supply a simple and clearly defined method of experimental 
enquiry. 

The results group themselves under the following heads. 

1. Investigations by methods of hydrolysis. 

(a.) By treatment with sulphuric acid between the limits of con- 
centration, H,SO,,.2H,O and H,SO,,3H,0. This process was found 
difficult of contro), and therefore abandoned.’ 

(b.) By treatment at high temperatures with very dilute acids (1 per 
cent. H,SO,), the following conditions of treatment being finally adopted. 
1 part of cellulose, and 6 parts of 1 per cent. H,SO,; rapid heating 
to 150° C. (3 atmos. pressure), and 15 minutes’ heating at that maxi- 
mum. 

2. Proof of sharp separation of furfuroids (solution) from the 
residue of normal cellulose (insoluble). 

3. Proof of molecular simplicity of furfuroids in solution. 


(a.) Maximum numbers for cupric oxide reduction. 

(b.) Maximum yields of osazones. 

(c.) On fractionation, the melting points and composition of the 
osazones indicated the formation of osazones of pentoses. 


4, Isolation of dissolved furfuroids. Empirical composition, 
C.HO0;, with high yields of furfural. Differentiation of reaction 
from those of pentoses. 

5. Presence of formyl residue proved by oxidation with hydrogen 
peroxide, and quantitative estimation of the carbon dioxide formed, 
the results being confirmed by the synthesis, from pentoses and 
formic acid, of compounds which gave the characteristic reactions 
of the furfuroids isolated from cereal celluloses. 

In describing the experimental results, we shall find it convenient 
to use abbreviated expressions for “‘ cupric reducing power’’ and for 
the yield of furfural when boiled under the standard conditions with 
hydrochloric acid (1°06 sp. gr.), namely, K for the percentage reduction 
referred to dextrose = 100; whilst F = percentage of furfural re- 
ferred to 100 parts by weight of carbohydrate, or, in cases of solu- 
tions, calculated to 100 parts of dry solids (free from ash) in solu- 
tion. 

1. (a.) Process of solution in sulphuric acid. 

The reactions of the normal celluloses with sulphuric acid are well 
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known. The concentrated acid behaves differently with the members 
of the two other sub-groups of fibrous celluloses (Trans., 1895, 67, 
439), the reaction being complicated by condensations, with forma- 
tion of dark-coloured products. These condensations, we may 
remark incidentally, are now accounted for by the presence of the 
formaldehyde residues in combination. In the hydrates of the series 
H,S0,,2H,0—-H,SOQ,,3H,0, that is, of 1°65—1°55 sp. gr., on the other 
hand, the cereal celluloses dissolve to almost colourless solutions, and 
without constitutional change. We cite a typical experiment. 

One gram of wheat-straw cellulose was dissolved in 6 grams of 
sulphuric acid of 1°65 sp. gr., and allowed to stand two hours in the 
cold, then diluted, and the reprecipitated cellulose collected, washed, 
dried, and weighed. The furfural was then estimated in both pre- 
cipitate and filtrate. The results were as follows. 


Straw Cellulose—F = 13:2, resolved into 
Normal Cellulose insoluble. Soluble products. 


640 per cent. F = 0°9 36°0 per cent. F = 12°4 


(The F, or furfural] numbers, of the products are calculated to 
the original straw cellulose.) 

It appears, therefore, that the furfuroid constituents may be sharply 
separated by this process, and without constitutional change. On 
the other hand, this molecular condition in solution is still complex, 
as is indicated by the low cupric reduction, K being found = 13, 
which was raised to 28 only after two hours boiling of the highly 
diluted solution. 

On neutralising with barium carbonate and filtering, a pale-coloured 
solution was obtained, which, on evaporation, left a nearly colourless, 
gummy residue, giving no pentose reaction (phloroglucinol), and con- 
taining traces only of barium compounds. 

This method was then tried on a large scale, but the results were 
much less satisfactory. Preparations were obtained, as described, 
containing a large proportion of barium compounds, with low furfural 
numbers (F = 12—20), and low cupric reduction (K = 20—30). 

These operations, on the scale of 1 kilo. of raw material, were kindly 
carried out for us by Mr. William Chattaway, of the Apothecaries’ 
Hall. To him and the Corporation of the Apothecaries’ Hall we are 
much indebted for this kind assistance. 

The differential attack of the acid was therefore not maintained 
under the changed conditions of mass. Further careful investigation 
showed that small variations in the concentration of the acid, in the 
temperature and in the duration of digestion, produced large varia- 
tions in the results. We cite one or two typical series in which the 
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effect of a particular factor was investigated by causing it to vary, 
the other factors remaining unchanged. 


(1) Concentration of acid— 


Cellulose reprecipitated Constituents 
Sp. gr. on dilution. dissolved. 
H.S0,,3H,0.. 1°55 71 per cent. 39 per cent. 
H.S0,,24H,0. 1°60 20 9 80 ” 
H.S0,,2H,0.. 1°65 3 - 97 ee 
(2) Temperature— 
Furfural numbers. 
Cellulose reprecipitated rc A _ 
on dilution. Precipitate. Solution. 
3° 96:0 per cent. 7°46 4°65 
23 62°5 * 2°20 9°55 


(3) Proportion of acid to cellulose— 
Cellulose reprecipitated. 


a:1 23:0 per cent. 
5:1 13°5 ~ 
10:1 10°0 “ 


It needs no further evidence to show that the balance of conditions 
for the selective hydrolysis of the furfuroids is difficult to control. 
The process was also unsatisfactory from the point of view of the 
condition of the furfuroids in the dilute solution, the cupric reduc- 
tion indicating that the CO-groups are largely unresolved. And 
again in the process of neutralising with barium carbonate there is 
a relatively large loss of the furfuroids. This method of isolating 
the furfuroids was therefore abandoned, partly on account of the 
difficulties thus experienced, chiefly, however, for the reason that 
experiments carried out simultaneously with the highly dilute acid 
(1 per cent. H,SO,) at elevated temperatures had given altogether 
satisfactory results. 

(b.) The best conditions of digestion were determined by a series 
of comparative experiments with “ brewers’ grains,” a closely allied 
substance, which has been investigated, especially with regard to the 
furfuroid constituents, by Tollens. As the criterion of maximum 
effect, the cupric reducing power of the resulting solution was taken. 
The following table of results (next page) needs no further explanation 
than that the numbers in the last column represent the cupric reduction 
calculated in terms of dextrose and of the original weight of “ grains.” 

With this material, as with the cereal celluloses, it was found that 
the furfuroid constituents are satisfactorily exhausted and converted 
into soluble derivatives. 

We shall refer subsequently to the composition of the products 
obtained in the above experiments, but for the present we confine 


a 
at 
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ourselves to drawing the one obvious conclusion from the numbers, 
namely, that for the maximum effect the essential conditions of the 
treatment are (1) a highly dilute acid (1 per cent. H,SO, has been 
adopted); (2) a temperature of 133—143°), corresponding with 
3—4 atmos. steam pressure; the lower limit has been adopted. 


Invariable Conditions. 


Weight of ‘“‘ Grains” 80 Grams. 
Volume of Solution, 500 c.c. 


Experiments on varying Conditions. 
Yield of reducing 


Pressure. Time. Strength of acid. sugar. 
No. 1, 9 atmos. 15 mins. 0°5 per cent. 17°19 per cent. 
» &e m ” s 1:0 * 17°39 - 
» 3 8 - BS in 0°5 ™ 19°24 - 
~ a2 « 15 ,, 1:0 - 19°49 " 
— * | oe 1:0 am 22°48 ™ 
«o &F - ” « 0°5 - 20°58 ~ 
ee? « b , 075 ,, 22-85, 
ni Gee * 15 ,, 15 Pm 22°48 - 
» Ss ™ : O75 ,, 26°11 " 
» 10, 6 ~ Mw » 10 - 27°6 - 
a'aey S - _” “ 10 in 28°65 ™ 
», 12, 4 * 15 ,, 1-0 - 35°67 - 
» 13, 3 - | 1:0 - 37°96 ” 
~~ ‘ = 1°0 ‘e 30°48 i 
~~ << oo we « 1:0 " very slight 
~~ = oo | 15 ™ 37°96 6 
A ““ 10 _ ,, 10 = 35°67 ” 
-— 2 = 30° ,, 10 ™ 37°0 ie 


The following further details and results of a typical experiment 
with a straw cellulose may be cited. 80 grams of the cellulose 
digested with 500 c.c. of 1 per cent. H,SO, under the conditions 
described, gave the following. 

The Products of Hydrolysis. 

(a.) Insoluble—The residual cellulose, which was only faintly 
coloured, weighed 55°5 grams, that is, 69 per cent. of the original. 

On combustion it gave C = 45:2; H = 5°6 per cent. 

On boiling with hydrochloric acid of 1:06 sp. gr., it yielded 23 per 
cent. of furfural, equal to 1-6 per cent. on the original cellulose. 

On conversion into thiocarbonate, it gave a solution of normal 
characteristics, yielding tenacious films when evaporated upon a 
glass surface. 


| 
, 
| 
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Comparing this residue with the one obtained by reprecipitation 
from solution in H,SO,,2H,0 in a successful experiment, we note the 
following differences. The latter, on combustion, gave the mean 
numbers C = 43°0; H = 6°5 per cent., and a furfural number 
F = 16. 

The difference is merely a difference of hydration due to the cor- 
responding difference in the conditions of treatment. 

(b.) Soluble-—The solution was pale yellow, and smelt of furfural. 
The quantity of free furfaral was, however, small, representing 0:1 
per cent. of the total dissolved constituents. The total quantity of 
organic solids in solution represented 28 per cent. of the original 
solids. The furfural number was found to be F = 39:5. Taking, 
therefore, the furfural numbers of soluble residue and dissolved pro- 
ducts, and calculating to the original cellulose, we obtain 


7x 23= 146) 
28 x 39°5 = 11°06 


12°67 


which satisfactorily accounts for the total furfuroids of the original 
cellulose, for which F = J2°'8. 

The process, therefore, gives a satisfactorily sharp separation of 
the furfuroids from the remaining groups which constitute a normal 
cellulose, and there is satisfactory evidence of the absence of con- 
stitutional change; it appears to be a process of simple hydrolysis. 

3. That the soluble carbohydrates are in a condition of molecular 
simplicity, that is, fully hydrolysed, is proved. 

(a.) By the cupric reducing power of the solution. A large 
number of such determinations have been made in the course of these 
investigations, both by volumetric and by gravimetric methods ; the 
numbers show the unusual maximum, K = 130, with a range of 
variation between 110 and 130. These numbers further indicate the 
presence of a molecule or residue of pentose constitution, the C; 
aldoses having a cupric reducing power of K = 105—115. Com- 
parative observations were made with pure xylose and arabinose in 
solutions of the same concentration as the solutions of the furfuroids 
in question, and under similar conditions. The numbers obtained 
were K = 105—112. 

(b.) The yields of osazones were also exceptionally high. Several 
determinations were made from time to time with different solutions, 
averaging 3 per cent. of total dissolved solids. The average yield of 
osazone was 30—40 per cent. of the weight of carbohydrate in 
solution. 

Maquenne has determined the yields of osazones from typical 
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carbohydrates in dilute solution (1 : 100), and obtained the following: 
numbers (Compt. rend., 1891, 112, 799). 

Fructose, 70 per cent.; xylose, 40 per cent.; arabinose, 27 per 
cent.; dextrose, 32 per cent. 

As our osazones were formed in 3 per cent. solutions, we made. 
observations with xylose and arabinose in solutions of this concentra- 
tion and under conditions identical with those which obtained with the 
carbohydrate under investigation; the yields of osazones were from. 
xylose 25 and from arabinose 16 per cent. It is sufficiently evident, 
therefore, that in the soluble products of hydrolysis of the cereal 
cellulose we are dealing with a carbohydrate in its fully hydrolysed 
form. 

We have now to record the experimental evidence for the actual 
identity of the compound. 

The results already noted indicate a close relationship to the- 
pentoses. The fractionation of the osazones revealed the presence of 
small quantities of osazones of low melting point (135—143°), but 
the main mass was obtained in fractions melting between the limits 
146° and 153°. Not only in melting points, but in all respects the 


osazones were indistinguishable from those of the typical pentoses,. 


xylose, and arabinose. 
The results of ultimate analysis were also in close accordance with 
the requirements of a pentosazone formula. The following are the- 


numbers obtained. 
Calculated for Pentosazone, 


(1). (2). C;H,0,(N,HPh)». 
| er 17:1 17:3 17:07 per cent. 
“eee 62°5 62°3 62:2 ei 
Bicvcee OG 65 61 - 


As the osazone obtained from the soluble products of hydrolysis of 


straw cellulose was indistinguishable from xylosazone, it would 
appear that the carbohydrate in question is either xylose or a closely 
related compound. 


4. The solution, on the other hand, did not give the reaction of 


the pentoses with phloroglucinol, but an equally characteristic reac- 
tion, namely, the development of a deep violet coloration with sepa- 
ration of an insoluble, blue-black compound. 

We proceeded with the investigation of this divergence by attempt- 
ing to isolate the compound by evaporation and crystallisation ; for 


this purpose, the solution was first neutralised with barium carbonato- 


and filtered. Traces only of barium compounds were present in the 
filtered solution, which was evaporated to a syrup, and kept for some 
weeks in a desiccator, but there were no signs of crystallisation. 
The compound was, therefore, dried at 100—105°; the residue was. 
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an amorphous, gummy substance, brittle when dry, and almost 
colourless. 

On combustion, we obtained the following numbers. 


£ II. Calculated for C,H, 0;. 
© cece 44°2 44°5 44°44 per cent. 
EE essees 67 63 6°17 » 


These numbers and the yields of furfural (388—42 per cent.) con- 
firm the observation of divergence from the composition and proper- 
ties of the pentoses and pentosans. We appear, therefore, to be 
dealing with a derivative of a pentose. 

5. The effect produced on the compound by numerous processes of 
oxidation were studied; certain oxidising agents, when added gradu- 
ally to the warm solution, determine the formation of formaldehyde, 
easily recognised by its odour and the reactions of the solutions 
obtained on distilling. The most characteristic oxidation, however, 
is that produced by hydrogen peroxide; on adding this reagent 
(20 vol. solution) in quantity corresponding with 1 atom of oxidising 
oxygen to 1 mol. of C,H,.O;, and warming, formaldehyde is liberated ; 
effervescence then commences, and at the same time an amorphous 
compound is precipitated, but, on continuing to heat, this compound 
is dissolved again, with increased effervescence. 

That the effervescence is due to the liberation of carbonic anhy- 
dride was proved by quantitative observations, the evolved gases 
being first passed through a drying tube containing calcium chloride, 
and then absorbed by potassium hydroxide. The results were satis- 
factorily constant, the following numbers being obtained in experi- 
ments in which the peroxide was added in excess (3—5 atoms of 
oxygen as H,O, per molecule of C;HOs). 


i; IT. III. 
CO, estimated ...... 19°5 20°5 20°1 per cent. 


On this evidence we conciuded that the compound C,H,O; is a 
compound of pentose and formic residues, the second CO-group 
being united by an oxygen linking to the pentose residue. 


From a compound represented by the formula C.H,.0,<0>CH;, 


we may calculate the yields of the products of decomposition. 

(1) CO, by oxidation of the formal group. 

(2) Farfural by the ordinary process of condensation of the pentose, 
first liberated by hydrolysis as follows. 

(1) C.,Hw»O; yields CO, = 27-1 per cent. 

(2) C.Hw9; yields C;HO; which yields 48 per cent. of furfural. 
And this calculated to the original CsHyO; is 150 + 162 x 48 = 
440 per cent. Taking into account that we have been unable to 


eR 
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crystallise the product or otherwise to separate it in a condition of 
purity, and that these decompositions are not strictly quantitative, 
there is sufficient concordance between the experimental and calcu- 
lated numbers to bear out our conclusion as to the identity of the 
compound. 

The synthesis of compounds of formaldehyde with the carbo- 
hydrates does not appear to have been attempted. The aldehyde 
readily reacts with the corresponding alcohols, mannitol, for example, 
with formation of crystalline compounds, formals of considerable 
stability and resistance to acid hydrolysis (Schulz and Tollens, 
Annalen, 1895, 289, 20). The reaction requires the presence of 
powerful condensing agents, and it may be, therefore, difficult to 
devise suitable conditions for the simple combination of formaldehyde 
with the alcoholic OH-groups of the pentoses. The subject is an 
attractive one, and we hope before long to be in possession of more 
direct verification of the results of this investigation, by comparing 
the “ natural” with the laboratory products. 

Formic acid, on the other hand, appears to react readily with the 
pentoses under conditions of condensation involving no fundamental 
change of the carbohydrate. On warming the pentoses, in solution, 
with formic acid in presence of hydrochloric acid, compounds are 
obtained giving the purple reaction with phloroglucinol, identical 
with that of the compounds under investigation. It is not probable, 
however, that the latter are formates or formic acid ethereal salts 
derived from the pentoses. In the first place, they could hardly sur- 
vive the severe alkaline treatment by which the cereal celluloses are 
isolated from the straws; secondly, no acid groups are present among 
the products of hydrolysis whether this is effected by the concentrated 
or dilute acid; thirdly, the ultimate analysis of the products estab- 
lishes a carbohydrate formula. 

It is not improbable, however, that a formal derivative and a 
formate should give an identical colour reaction with phloroglucinol 
when warmed with hydrochloric acid of 1°06 sp. gr. 

In the above account of experimental results, we have kept strictly 
to the positive evidence of identity of the particular furfuroid under 


' investigation. We regard this as established in general terms. 


Certain minor issues of the work we have postponed until the main 
argument was complete. They may be dealt with seriatim. 

1. The presence of one or more products of hydrolysis in the 
<olutions obtained by the action of acids on the cereal celluloses. 

We have assumed that the dissolved solids represent one com- 
pound only, namely, the formal-pentose. 

The absence of hexose compounds has been established by investi- 
gation of the products formed on oxidation by nitric acid; neither 
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saccharic nor mucic acid is formed, but the proportion of oxalic acid 
is high, and nitroso-compounds are also formed in large proportion. 
A series of compounds of acidic nature, giving calcium salts in- 
soluble in acetic acid were also obtained; these all contained nitroso- 
groups, and burned more or less explosively on heating to 200—300°. 
To obtain these compounds in quantity sufficient for complete 
investigation, we intend to operate on a large weight of the original 
substance. 

The absence of hexose groups is in accordance with what we know 
of the degree of resistance of the normal celluloses to acid hydrolysis. 
Cotton cellulose, when treated under the conditions adopted for re- 
solving the cereal celluloses, Jost in weight 5°7 per cent., and the 
products in solution showed the maximum reduction of CuO, that 
is, were present as dextrose. 

We regarded it as probable, therefore, that the hydrolysed fur- 
furoids would be accompanied in solution by a certain proportion of 
hexose compounds; but that the latter are actually present in only 
fractional proportion is shown (1) by the results of nitric acid 
oxidation, (2) by the non-formation of osazones of high melting 
points, (3) by the high furfural numbers of the solution calculated 
to the total dissolved solids. 

2. The Oxidation by Hydrogen Peroxide.—It may be objected that 
there is not sufficient evidence for the conclusion that the evolution 
of carbonic anhydride is due to the decomposition of a formyl residue. 
It has been stated by C. Wurster that the carbohydrates themselves 
are oxidised by the peroxide with liberation of carbonic anhydride 
(Centralbl. f. Physiol., 1, 33), though the action is very slow; we 
have, therefore, kept this possibility carefully in view. 

The following experiments on xylose and arabinose, under condi- 
tions of treatment identical with those employed in investigating the 
furfuroids are of interest. No carbonic anhydride was evolved, but 
that a certain amount of oxidation had taken place was shown by 
the change in the fufaral number. 


No. of atoms 0, as H,0, per 1 


Rs SED os eee cees 0. 1. 2. 3. 
Furfural obtained from product— 

NR osc cccecocccs 49°0 35°6 34°4 34°4 

ee nathan eine 510 = 48°5 -- 42°2 


The action on xylose is therefore slight; on arabinose more pro- 
nounced, but reaches a limit, whilst the furfuroid under investigation 
shows a behaviour differing from that of the pentoses of known 
constitution. Treated under the conditions mentioned above, and 
examined for furfural after oxidation, the following numbers were 
obtained. 
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After oxidation (hydrogen peroxide) 
with 
Original. i at., 0. 2 at., O. 8 at., O. 
Farfural........ 42°0 29°3 11°4 53 


This more pronounced oxidation of the pentose residue is accounted 
for by the fact that it is a residue, and consequently the entrance 
of the oxidising groups is facilitated where the formaldehyde residue 
is split off ; the divergence does not necessarily imply a constitution 
or configuration different from that of the known pentoses. The 
constants of the osazone, and the specific rotation of the original 
furfuroid ([a]p = 26°) are almost identical with those of xylose. 
The evidence, therefore, is sufficiently strong to justify the conclusion 
that. it is in effect a xylose-formal. 

De Chalmont, in a paper on the formation of pentoses in the plant 
(Ber., 1894, 2'7, 2723), points out, on the one hand, the similarity in 
configuration of d-glucose with /-xylose, and of d-galactose with 
l-arabinose; and, on the other, that these carbohydrates occur in 
plants and plant products in corresponding pairs. We have, there- 
fore, this a priori presumption in favour of the xylose residue in the 
cereal straws. 

3. Action of Bromine.—Bromine is rapidly absorbed by the acid 
solution of the furfuroid, and if the bromine be added until a slight 
excess is present the quantity taken up will be from 21 to 25 per cent. 
of the weight of the furfuroid ; the bromine is found to be exclusively 
in the form of the hydracid. On adding bromine in like manner to 
the neutralised solution, removing the slight excess, and titrating 
the free acid present, the latter was found to correspond exactly with 
the amount of hydrogen bromide calculated from the weight of 
silver bromide directly precipitated. The action of the bromine is 
therefore one of oxidation, and no unsaturated groups are present. 
The bromine calculated to an equivalent of oxygen (Br. = O) works 
out to only a fractional molecular proportion of the furfuroid; the 
action, therefore, is at first selective, the formaldehyde being oxidised 
to.carbonic acid. The yield of osazone is considerably increased, but 
is identical in composition and properties with that obtained from the 
original solution. These results generally confirm the conclusions as 
to the identity of the furfaroid. 

4. Other comparisons were instituted with pentoses of known con- 
stitution, such as oxidations by permanganate and by chromic acid: 
the results were confirmatory. The action of dilute alkalis on this 
group of aldoses is also noteworthy. Onadding sodium hydroxide in 
excess (0°5 per cent..NaOH on the solution), and warming to 70—80° 
the furfuroid is rapidly changed; the cupric reducing power falls 
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in a few minutes to one-fifteenth of the original, and a new complex 
of products is present, a characteristic feature of which is the large 
yield of iodoform obtained on warming the alkaline solution with 
iodine. The pentoses were also found to be very sensitive to the 
action of alkalis; this point is noteworthy from the fact that the 
cereal celluloses are themselves resistant to the action of alkalis, so 
far as regards the “ furfuroid ” configuration. 

5. Fermentation (Yeast).—The solutions obtained from the cereal 
celluloses by the action of acids, when neutralised, ferment rapidly 
with fresh, washed yeast. A limit is, however, soon reached, and on 
investigating the unfermented residue it is found that the cupric re- 
duction has fallen to 60—70 per cent. of the original, and the furfural 
number to 70—80 per cent. of the original; a partial fermentation 
of the furfuroids therefore occurs, with formation of alcohol and 
carbonic anhydride. We shall revert to this point in dealing with 
the question of the composition of the original straw. These observa- 
tions further confirm the evidence furnished by the more important 
constants of the compounds in question. 

We have only now to point out the physiological significance of 
this diagnosis of the constitution of the cereal celluloses. The 
evidence as to assimilation leads to the conclusion that the higher 
plants build up, in the first instance, d-glucose and d-fructose and 
their polysaccharides, if not exclusively, at least in overwhelming 
proportion (EK. Fischer, Ber., 1894, 27, 3230). Assimilation is 
followed by the indefinitely wide range of Secondary changes which 
accompany and determine the play of individual and group charac- 
teristics of structure and composition. 

Next, in order of chemical significance, to hexose-formation is the 
appearance of a second CQO-group in the U,-molecule. We have 
endeavoured, in the investigation cited above, to trace this molecular 
change, the occurrence of which is very clearly indicated in the con- 
stitution of the lignocelluloses. We followed, in the first instance, 
the hypothesis of a process of direct or extrinsic oxidation. The 
results of a two years’ study of tissue formation in the barley plant 
tended to negative this hypothesis (Ber. 1895, 28, 2604). The 
results of the study of the cellulose basis of the cereals now indicate 
that the origin of a second carbonyl may take place by a process of 
intrinsic change, that is, the migration of an oxygen atom within the 
hexose molecule. To this view we ask the careful attention of physi- 
ologists. Jt is consistent with all that is known of the chemistry of 
the carbohydrates considered as isolated compounds, and as they have 
an obviously increased mobility within the arena of cell vitality, the 
occurrence of such a process might well have been predicted. It is 
more satisfactory, however, to have arrived at the conclusion by way of 
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positive evidence, for that furnished by our investigations is certainly 
definite, if not finally conclusive, in respect of the actual constitution 
and configuration of the typical product. These points are under 
further investigation. Chemists will readily appreciate the increased 
range of possible transformations,?provided for by the duplication of 
the CO-group of an aldose, Without, however, speculating on prob- 
abilities, these considerations find an immediate application to the 
chemistry of lignification. The characteristic groups of the ligno- 
celluloses are undoubtedly of quinonic type; and they are also in- 
variably associated with furfural-yielding groups. The ultimate pur- 
pose of these investigations is to trace the probable genetic relation- 
ships of these typical groups ; and we have, therefore, extended to the 
province of the lignocelluloses the methods and conclusions dealt with 
in this communication. The results of this further investigation will 
form the subject of a separate paper, and we, therefore, merely outline, 
in conclusion, some of the more important results arrived at. 

(a.) The lignocelluloses of the cereals, for example, the straw and 
seed envelopes (as obtained in brewers’ grains) are similarly attacked 
by acid reagents, their furfuroid constituents being hydrolysed to 
soluble forms and separated from the complex of cellulose and un- 
saturated (keto-hexene) molecules. 

(b.) These farfuroids have characteristics similar to those isolated 
from the celluloses: but the hydrolysis of the parent molecule pro- 
ceeds to a lower limit; the cupric reduction of the soluble furfuroids 
is relatively low, and the osazones are of lower melting point 
(120—130°). 

(c.) In regard to alcoholic fermentation, however, the furfuroids 
are obtained in a more sensitive condition, Thus, in the case of 
barley-straw treited with H,SO,,2H,O, the solution, after dilution 
and filtration from the reprecipitated ligno-cellulose complex, was 
examined for the above constants, then neutralised and fermented, and 
the constants of the unfermented residue determined. The following 
are the results. 

K. F, 
Before fermentation ........... 43°5 32°3 
After fermentation ............ 2°3 81 


The soluble furfuroids were therefore, to a very great extent, 
fermented. It appears, also, from the researches of W. E. Stone, 
published in the American Journal Agricultural Science, 1893, 7, 6, 
that of the total furfuroids in a typical selection of fodder plants, 
a large proportion, 60—80 per cent., are digested on passing through 
the alimentary tract of herbivora. 

On the other hand, it is positively established that the pentoses 
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proper are not susceptible of alcoholic fermentation, neither are they 
assimilated in the process of animal digestion. 

The results, therefore, farther indicate that in the cereal stems the 
furfuroid constituents are not pentosans, but products representing 
stages intermediate between the hexoses and pentoses. 

We gratefully acknowledge at this opportunity the assistance we 
have received in carrying out these researches. A substantial grant 
from the British Association, through the kind offices of Mr. R. War- 
ington, F.R.S.; a grant from the Chemical Society Research Fund. 
To Messrs. Augustus Voelcker & Sons we are indebted for ample 
laboratory accommodation; and to our assistant, Mr. O. W. Dahl, 
for valuable incidental help. 


LI.—Ethereal Salts of Optically Active Malic and 


Lactic acids. 
By Tuomas Porpie, F.R.S., and Srpney Wituiamson, Ph.D. 


Tue tendency of optically active compounds to become racemised 
when undergoing chemical change presents a serious obstacle to the 
preparation of their derivatives, and the difficulty is much enhanced 
by the fact that, except in a few instances, the exact conditions 
under which racemisation occurs are imperfectly known. It is 
generally recognised that in dealing with such substances high tem- 
peratures and violent actions are to be avoided; but, even when every 
precaution has been taken, and an active derivative obtained, there is 
always a risk of its activity having been impaired by the production 
of more or less of the racemoid form, the presence of which cannot. 
in most cases be directly detected. In preparing such derivatives 
with the view of determining their constants of activity, it is there- 
fore essential either to recover the compounds from which the deriva- 
tives under investigation were obtained, so as to compare their 
activities with those of the original substances used, or, if this is 
impossible, to employ various methods of preparation, and to show 
that the activity of the different specimens is identical. 

In recent times, numerous series of optically active ethereal salts: 
have been prepared in connection with the interesting questions raised 
by Guye’s theory. In some instances, as, for example, that of the 
active glycerates prepared by Frankland, of the amylic ethereal salts 
prepared by Guye and Chavanne (Compt. rend., 1894, 119, 906), and 
by Walden (Zeit. physikal. Chem., 1894, 15, 645), precautions of the 
kind referred to, have been adopted, but in numerous other cases no 
evidence of the absence of the racemoid compound appears to have 
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been sought, and, as the problems under investigation are chiefly of a 
quantitative kind, it is obviously quite uncertain what value, if any, 
is to be attached to the optical data thus obtained. 

That precautions such as those mentioned are indispensable, if the 
data sought for are to have any quantitative significance, is abund- 
antly evident from the results obtained by J. Wallace Walker in the 
preparation of the ethereal salts of active lactic and halogen propionic 
acids (Trans., 1895, 6'7, 914). He finds, for example, that the specific 
rotation of methylic lactate, procured from the silver salt, is far in 
excess of the values previously quoted by others for the same sub- 
stance prepared by the direct action of the acid on alcohol. He also 
finds that the bromopropionates prepared by the action of phosphor- 
ous pentabromide on the ethereal lactates, are much more active than 
those obtained by the direct action of that reagent on lactic acid and 
subsequent treatment of the acid bromide with alcohol, the amount 
of inactive compound produced by the latter method amounted in 
one case to 50 per cent. of the whole, in spite of every precaution 
being taken to keep the temperature as low as possible. The 
specific rotations previously quoted by Walden (Ber., 1895, 28, 1293) 
for the chloro- and bromo-propionates are thus entirely erroneous, 
Walker’s results being in every case far in excess of them. As the 
difference amounted in some cases to 50 per cent., Walker attributes 
the low activity of Walden’s ethers in the main to partial racemisa- 
tion occurring in the course of their preparation, and not to the 
impurity of the original lactic acid used, although the low activity 
may have been partly due to the presence of foreign substances of 
opposite activity. In further illustration of the serious errors that 
may arise in the preparation of the derivatives of active acids, it 
may be mentioned that the specific rotation found by Walden for 
ethylic ethoxysuccinate (Zeit. physikal. Chem., 1895, 17, 252) is 1°44°, 
whilst the value found by us was over 55° (Trans., 1895, 67, 972). 
It is, moreover, particularly essential that the rotations of such 
simple substances as the ethereal salts of malic and lactic acids 
should be correct, as they often form the starting points for the pre- 
paration of a large number of more active derivatives, in which, of 
course, any initial error is largely increased. 

We may take the opportunity here of recording a remarkable in- 
stance of total racemisation which we recently observed in the course 
of an attempt to prepare the active alkylic hydroxypropionates, 
although the conditions observed were such as, it might have been 
supposed, would preclude the occurrence of any such change. The 
method used was that described by Schreiner (Annalen, 1879, 197, 12) 
for the preparation of the corresponding inactive compounds, namely, 
the action of sodium alkylate at the ordinary temperature on 
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ethereal a-halogen propionates ; 11 grams of dextro-ethylic «-chloro- 
propionate, showing a rotation of +18°75° in a 100-mm. tube, were 
added very slowly to a cold alcoholic solution of sodium ethoxide 
containing one atomic proportion of sodium. The liquid became 
quickly turbid from separation of sodium chloride; after some time, 
it was gently heated, then treated with carbon dioxide to decompose 
any possible small excess of sodium ethoxide, filtered, and distilled 
under reduced pressure. The distillate was quite inactive. The 
analysis of the silver salt obtained from the neutralised product of 
hydrolysis showed that ethylic ethoxypropionate had been formed ; 
the salt was found to contain 48°03 per cent. of silver, the calculated 
percentage for C;H,O;Ag being 48°00. 

As it seemed possible that racemisation might have been caused 
by the presence of excess of sodium ethoxide during the action or 
by the subsequent distillation of the product, a second experiment 
was made with levo-ethylic bromopropionate in which these sources 
of error were avoided. The calculated quantity of alcoholic sodium 
ethoxide was added, a small portion at a time, to the ethereal salt ; 
the mixture was kept cool with ice, and allowed to become neutral 
after each addition of the alkylate before a fresh quantity was added. 
The action under these conditions proceeded very slowly, and took 
two days for its completion. The alcoholic liquid was then filtered 
from precipitated sodium bromide, and examined without previous 
distillation. It was quite inactive. It is difficult to see why the 
change of configuration implied in racemisation should have been 
directly induced under the conditions described. The result certainly 
suggests the question whether, in general, chemical changes in which 
halogen atoms are replaced by oxyalkyl groups by the action of 
sodium alkylate are simple cases of substitution, or whether the 
action really consists in the splitting off of halogen acid and the sub- 
sequent addition of a molecule of alcohol. The latter explanation 
seems probable, as it has previously been shown that various un- 
saturated ethereal salts, the acrylates among the number (Trans., 
1891, 59, 474), possess the property of combining with alcohol in the 
presence of small quantities of sodinm alkylate. 

In the preparation of the numerous series of optically active ethe- 
real salts, which have been recently investigated in connection with 
Guye’s theory, the method of etherification by means of hydrochloric 
or sulphuric acid has usually been employed. That mineral acids at 
high temperatures frequently render active compounds completely 
inactive is a familiar fact, und records are not wanting to show that 
the same result may be produced at moderate temperatures, especially 
if chemical action ensues ; isopropylphenylglycollic acid, for example, 
yields with concentrated hydrochloric acid at 20—45° inactive iso- 
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propylphenylchloracetic acid. The propriety of using hydrochloric 
acid as an etherifying agent for active acids, especially for hydroxy- 
acids, where it is often impossible to remove it by water before 
distilling the product, is therefore open to question, unless special 
precautions are taken to test the active ethereal salt for racemoid 
impurity. The same remark applies to the use of sulphuric acid. 
The method of preparation by the action of alkylic iodide on the 
silver salt, which has been very rarely used in the case of active acids, 
would seem, a priori, to be less open to objection ; the action, so far 
as is known, is direct; it takes place at comparatively low tempera- 
tures, and no water is present. Asa matter of fact we found that, in 
the case of the ethereal alkyl-oxysuccinates (loc. cit.), the method 
gave excellent results; a good yield of the ethereal salt was obtained, 
and no perceptible racemisation could be detected on recovery of the 
acid. Walker used the same method in preparing the active ethereal 
lactates, and found, as already stated, that it gave much more 
active products than those obtained by the direct action of acid and 
alcohol. 

These results suggested to us the interesting question whether 
in general the reaction of a silver salt with an alkylic iodide yields 
more active products than the usual methods of etherification. We 
have, accordingly, prepared several of the ethereal malates by dif- 
ferent processes, and find, as we expected, that the salts from silver 
malate are notably more active than the products obtained when 
hydrochloric acid or sulphuric acid is used as the etherifying 
agent. We have also prepared active ethylic lactate by similar 
methods, and have made further experiments with these prepara- 
tions, as well as with the active malates, with the view of ascer- 
taining, if possible, whether the difference of activity referred to is 
really due to racemisation or to some other cause. 


Ethereal Malates and Acidyl Malates. 


These compounds have been frequently investigated. Anschiitz 
(Ber., 1885, 18, 1954) first showed how the ethereal malates could be 
obtained free from admixture with the fumarates and chlorosuccin- 
ates by a modification of the method of etherification devised by 
himself and Amé Pictet. More recently, Anschiitz and Reitter 
(Zeit. physikal. Chem., 1895, 16, 493) have published the results of 
an accurate examination of the optica' activity of the first four 
ethereal malates and their acetyl derivatives ; and Walden (loc. cit.) 
has prepared by the same method, and subjected to optical examina- 
tion, a still more extended series of these compounds. 

The malic acid used by us was procured from Kahlbaum. An 
estimation of silver in the silver salt gave 62°09 per cent. of silver, 
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the calculated percentage being 62°07. A solution, in dry acetone 
(from the bisulphite compound), containing 7°48 per cent. of the acid, 
showed the specific rotation —5'95, a value which agrees closely with 
that found by Guye, namely, —5°8° (Ann. Chim. Phys., 1892, [6], 25, 
206), and also with that quoted recently by Nasini and Gennari (Zeit. 
physikal. Chem., 1896, 19, 117) for a 20°77 per cent. solution in the 
same solvent, namely, —6°01°. In a second experiment, however, for 
which the acetone was more carefully dried by several rectifications 
with calcium chloride, we found a higher specific rotation, the result 
being as follows. C = 69890, 1 = 4, t = 6°, a= —1°85°, [a]p = 
—6°62°. The activity of an aqueous solution of the potassium salt, 
made by neutralising the acid with standard potassium hydroxide, 
was also determined, with the following result. 


C = 68618; 1= 4; ¢= 11°; a = — 187°; [a]p = — 681°. 


The specific rotation of the salt, calculated by interpolation for the 
same concentration from Schneider’s results (Annalen, 1881, 207, 257) 
is —7:0°. 

In preparing the ethereal malates from the silver salt, dry silver 
malate was added, a small portion at a time, to an excess of alkylic 
iodide. The action, which proceeded in some cases spontaneously, was 
completed by heating the mixture for a short time on the water-bath. 
The liquid having been diluted with dry ether, was filtered from the 
silver iodide, and distilled under reduced pressure. Except in the 
cases of the isopropylic and isobutylic salts, as soon as the ether and 
alkylic iodide had passed over, the thermometer rose rapidly to the 
boiling point of the ethereal salt, which distilled within a range 
of 1° or 2°, leaving only a very small residue in the distilling flask. 
The yield of ethereal salt amounted to about 80 per cent. of the 
theoretical quantity calculated on the silver salt used, and in the pre- 
paration of the latter the loss of substance was found to be small. 
The ethereal salts were redistilled under reduced pressure until the 
variation in specific rotation was within the limits of observational 
error, which was found to be the case after the third or fourth distil- 
lation. The variation of activity on redistillation was slight, and as 
the change was in the upward direction, it may be concluded that 
racemisation did not occur in the process. 

For purposes of comparison, ethylic malate was prepared also from 
the acid and alcohol, hydrochloric acid and sulphuric acid being 
used as the etherifying agent. In the former case, the method of 
Anschiitz and Pictet was followed, with the slight modification that, 
after distilling off the excess of alcohol, dry potassium carbonate 
was added to the product until it was neutral; the liquid, after being 
dilated with dry ethylic ether, was filtered and distilled under reduced 
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pressure. It was found that by the use of potassium carbonate the 
liquid distilled almost constantly at once, and that a smaller residue 
was left in the distilling flask. In preparing ethylic malate by the 
sulphuric acid method, malic acid was heated for four hours on the 
water-bath with four times its weight of ethylic alcobol, to which a 
tenth part by weight of sulphuric acid had been added. The mix- 
ture having been neutralised with potassium carbonate and allowed 
to stand 12 hours, was filtered, and freed as far as possible from 
excess of alcohol by heating on the water-bath; dry ethylic ether 
was then added, and the precipitated potassium salt having been 
filtered off,.the liquid was distilled under reduced pressure. Ethylic 
fumarate could not be detected in the product. 

The acidyl malates were prepared by dropping the ethereal malates 
into an excess of acid chloride at 50°, and distilling the nis: under 
reduced pressure. 

The results of our observations on the ethereal salts poigevel by 
these methods are given below. 

Methylic Malate (Silver Malate Method).—B. p. 129° at 16 mm. ; 
¢=11°,3= 1a = —910°, d 11°/4° = 1°2397, [a]p = —7°34°. The 
specific rotation on the previous distillation was —7°33°, 

A second preparation gave a similar result, namely « = —9-25° in 
the 100 mm. tube. 

Analysis: Found C = 44°36, H = 638; calculated C = 44°44, 
H = 6:17 per cent. 

Methylic Malate (Hydrochloric acid Method).—B. p. 1830—135° at 
18 mm.,/ = 1, 2 = —817°. 

Ethylic Malate (Silver Malate Method).—B. p. 138° at 25 mm.; ¢ = 
11°, 2 = 2, @ = —28°12°, d 11°/4° = 11324, [a]p = —12°42°.. The 
specific rotations in the two previous distillations were —12°34° and 
—12'33° respectively. The observed rotation at 19° in the 200 mm. 
tube was —27°90°, from which it will be seen that the activity does 
not alter very much between 11° and 19°. 

A second preparation gave an approximately similar observed 
rotation, namely, 2 = —14°30° in a 100 mm. tube. 

Analysis: Found C = 50°39, H = 7°46; calculated C = 50°53, 
H = 7°37 per cent. 

Ethylic Malate (Hydrochloric acid Method).—B. p. 131° at 15 mm.. 
#= 11°, 1=1, a = —11°66, d 11°/4° = 11320, [a]p = —10°30°. 
Another portion of the same preparation, from which, however, 
the hydrochloric acid was not removed before distillation by the 
addition of potassium carbonate, had approximately the same activity, 
namely, —11°83° in the 100 mm. tube. 

Analysis: Found C = 50°37, H = 7°52; calculated C = 50°53, 
H = 7:37 per cent. 


824 PURDIE AND WILLIAMSON: ETHEREAL SALTS 


A second preparation showed the rotation —11°58°. 

Ethylic Mulate (Sulphuric acid Method).—B. p. 134° at 15 mm.; 
¢= 11°, 2 = 2,2 = —23°52°, d 119/4° = 11339, [a]p = —10°37°. 

Propylic Malate (Silver Malate Method).—B. p. 147° at 10 mm.; 
@é=1)1,l=1, 2 = —1478°, d 119/4" = 1:0787, [a]p = 13°70. 
The specific rotation on the previous distillation was — 13°66°, 

Analysis: Found C = 5497, H = 8°43; caleulated C = 55°05, 
H = 8:26 per cent. 

Isopropylic Malate-—We did not succeed in isolating this ethereal 
salt from the product of the action of isopropylic iodide on silver 
malate. Our observations on the reaction are given below. 

Normal Butylic Malate (Silver Malate Method).—B. p. 170° at 
15 mm.; ¢ = 11°, J = 2, a = —25°6° d 11°/4° = 1:0494, [a]p = 
—12°20. The specific rotation on the previous distillation was 
—12°28°, 

Analysis: Found C = 5834, H = 9:12; calculated C = 58°54, 
H = 8°94. 

Isobutylic Malate-—The isobutylic iodide acted vigorously on the 
silver malate, but as in the case of our preparation of isobutylic 
alkyloxysuccinates by the same method, we failed to obtain a pure 
product. The liquid did not boil constantly, and a large residue 
of acid remained in the distilling flask ; the distillate was optically 
active, but a crystalline deposit, probably fumaric acid, or maleic 
anhydride, separated from it on standing. 

Ethylic Acetylmalate, from Ethylic Malate prepared from Silver 
Malate.—The ethylic malate used was that described above, having 
the specific rotation —12°42°. The following were the observations 
made. B. p. 144—146° at 19 mm.; ¢ = 12°, = 1, a = —25°85°, 
d 12°/4° = 1:1237, [a]p = —23:00. The observed rotation on the 
previous distillation was 2 = —25°77°, from which it may be con- 
cluded that the activity of the compound is but little, if at all, 
impaired by heating to its boiling point. The activity increases 
rapidly with rise of temperature, differing in this respect from 
ethylic malate; thus we found: at 5°, a = —25°40; at 6 a = 
—25°50° ; at 12°, a = —25°85°; at 16°, a = —26°40. 

Analysis: Found C = 51°80, H = 7:16; calculated C = 51°72, 
H = 6°90 per cent. 

Ethylic Acetylmalate, from Ethylic Malate prepared by the Hydro- 
chloric acid Method.—The ethylic malate used was the specimen 
already referred to, having the observed rotation a = —11°83° in the 
100 mm. tube at 11°. The following observations were made. B. p. 
145° at 13 mm.; ¢ = 11°, = 1, @ = —24°25°, d 11°/4° = 1°1238, 
[aly = —21°58. 
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Analysis: Found C = 51°59, H = 7:14; calculated C = 51°72, 
H = 6°90 per cent. 

The same increase of activity with rise of temperature, referred to 
above, was also observed in the preparation. Thus at 5° the observed 
rotation was « = —23°87°, 

Ethylic Butyrylmalate.—This salt was prepared from ethylic malate 
made from the silver salt, having the specific rotation —12°42°, As 
the reaction did not seem to take place at 50°, the butyryl chloride 
was heated to about 80° while the malate was added; the mixture 
was afterwards heated for a short time on the water bath. The 
results of our observations are as follows. B. p. 152—153° at 14 mm. 
t = 11°, = 1, = —2450°, d 11°/4° = 1-0792, [a]p = —22°70°. 

Analysis: Found C = 55°26, H = 7°87; calculated C = 55°38, 
H = 7°69 per cent. 
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Action of Isopropylic Iodide on Silver Malate. 


The quantities of materials employed were 60 grams silver malate, 
and 100 grams isopropylic iodide. The action was very vigorous ; 
as the liquid, after filtering off the silver iodide, was found to be 
strongly acid, it was treated with dry potassium carbonate before 
> being distilled. On the third distillation, the product showed a con- 
stant boiling point, namely, 142° under a pressure of 27 mm., and the 
activity was unaltered. The specific rotation was found to be as 
follows. ¢= 11°, =1, a = —3490°, d 11°/4° = 1:0257, [a]p = 
—34°03°. 

It was evident from the very high activity of the product, amount- 
ing to two and a half times that of normal propylic malate, as well 
as from the relatively small yield of substance, that the reaction 
between the silver salt and the iodide had not proceeded in the 
normal manner. As it seemed possible that this unexpected result 
might be due to the violence of the action, or the influence of the 
potassium carbonate, which had not been used in the preparation of 
the other ethereal salts, a second experiment was made in which the 
isopropylic iodide was diluted with dry ethylic ether, and the addition 
of potassium carbonate omitted. The product boiled much less con- 
r stantly than in the first experiment, owing, apparently, to the presence 
of free acid, and no attempt was made to purify the substance, but 
the same active compound was evidently formed, the observed rotation 
of the product being —31°70° in the 100 mm. tube. On repeating 
the preparation with the same quantities of material as were used in 
the first experiment, but leaving the product uver dry potassium car- 
bonate till it was neutral, 18 grams of a liquid were obtained, boiling 
constantly at 128° at 13 mm., and showing the following activity. 
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#=11°, 1 = 2, a = —61°95°, d 11°/4° = 1:0347, [a]p = —29°94°. 
The results of the analysis of the first (1) and third (III) prepara+ 
tions were respectively as follows. 

I. C = 57:35, H = 8:97; C = 57:04, H = 8°95 per cent. 

IIT. C = 56°69, H = 8:89; C = 56°60,.H = 8°73 per cent. 

Isopropylic malate requires C = 55°05, H = 8:26 per cent. 

The results of analysis and the varying rotations of different pre- 
parations show that the product is not a pure substance, in spite of 
its constant boiling point. A comparison of these observations with 
those on ethylic and normal propylic malates indicates that the mix- 
ture in question contains a compound much more optically active, 
and having a lower specific gravity and lower boiling point than iso- 
propylic malate. From the product of hydrolysis with alcoholic 
potassium hydroxide, a lead salt was obtained, which was decomposed 
with sulphuretted hydrogen, and converted into the silver salt. An 
estimation of silver in the latter gave the theoretical result for silver 
malate, namely, 62°07 per cent. The highly active compound con- 
tained in the mixture referred to is, however, much more difficult to 
hydrolyse than the ethereal malates. Propylic malate is quickly 
hydrolysed when shaken with cold aqueous potassium hydroxide, 
but when the product obtained from the action of isopropylic iodide 
on silver malate is similarly treated, or even heated for some hours 
at 100° with aqueous alkali, a considerable quantity of an oil, showing 
a high activity, is left undissolved. 

A comparative experiment was made by heating at 100°, in sealed 
tubes, equal weights of propylic malate and of the liquid obtained from 
the action of isopropylic iodide on silver malate, mixed with equal 
quantities of standard aqueous potassium hydroxide. In the latter 
case, a considerable proportion of the oil remained unhydrolysed, and 
by titration with standard acid, it was found that only about 75 per 
cent. of the alkali required for the hydrolysis of the propylic malate 
had been neutralised. An attempt was made to isolate the more active 
constituent by shaking the mixture with cold aqueous alkali. The 
unattacked oil was highly levorotatory, and. amounted to about a 
fifth part of the substance taken. Estimations of silver in the silver 
salts prepared from the products of hydrolysis of the isopropylic 
compound with aqueous potassium hydroxide at 100°, and at the 
ordinary temperature gave, respectively, the following results: (1) 
62°51, 62°55, (2) 61°81, per cent. The calculated percentage of silver 
malate is 62°07. From these results, it is probable that the product 
of the reaction of silver malate with isopropylic iodide is largely 
isopropylic malate contaminated with another much more active 
compound. The material at our disposal was insufficient for further 
examination, but we purpose investigating the reaction later. 
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Active Ethereal Lactates and Derivatives. 


Klimenko (J. Russ. Chem. Soc., 1880, 12, 25—28) prepared ethylic 
d-lactate from silver sarcolactate and ethylic iodide, and gave as its 
specific rotation [a ]p = —1419°; he also prepared the substance by 
heating sarcolactic acid with ethylic alcohol at 170°, but has not. 
recorded the activity of the product. Le Bel (Bull. Soc. Chim., 1893, 
[3], 9, 674) obtained methylic d-lactate (2 = —85° in 100 mm. 
tube) by digesting sarcolactic acid with methylic alcohol, and from 
this product prepared the acetyl and butyryl derivatives. Frankland 
and Henderson (Proc. Chem. Soc., 1895, 11, 54) have given the 
results of optical observations on methylic and ethylic d-lactates, 
methylic acetyl-d-lactate, and ethylic acetyl- and benzoy]-d-lactates ; 
the material used was the d-lactic acid obtained by selective fermenta- 
tion of ordinary lactic acid, and the ethereal lactates were made, we. 
understand, by heating a mixture of the acid and alcohol. Walden 
(Ber., 1895, 28, 1293), in the course of his research on active chloro- 
and bromo-propionic acids, prepared ethylic d-lactate from sarcolactic 
acid and alcohol by saturating the mixture with gaseous hydrogen 
chloride. Finally, J. Wallace Walker (loc. cit.) has prepared the 
active methylic, ethylic, and propylic lactates from active silver 
lactate, and also the corresponding ethereal salts of a-chloro- and 
a-bromo-propionic acids. 

The material used in the preparation of the compounds examined 
by us was levorotatory zinc ammonium d-lactate, obtained by the 
resolution of ordinary lactic acid by methods previously described 
(Trans., 1893, 63, 1143; 1895, 6'7, 616). The zinc lactate prepared 
from this salt was found to lose, at 130°, 12°92 per cent. of water of 
crystallisation, the calculated percentage for active zinc lactate, which 
contains 2H,0, being 12°88; the salt was therefore practically free 
from racemoid compound. 

Ethylic d-lactate (silver salt method).—Eighty-five grams silver 
lactate and 150 grams ethylic iodide gave only 22 grams of the 
ethereal salt, b. p. 69—70°, at 36 mm., ¢ = 14°, 7 = 2,a = —28-04°, 
d14°/4° = 1:0415, [a]p = —13'46°. Walker, using the same method, 
found the specific rotation —14°52° at 19°. The difference of the rota- 
tions can scarcely be accounted for by the difference of the tempera- 
ture of observation, and it seems probable that iu our preparation a 
certain amount of racemisation had occurred. 

Ethylic d-lactate (sulphuric acid method).—A mixture of 30 grams 
of dextrolactic acid syrup, ]20 grams of ethylic alcohol, and 12 grams 
of sulphuric acid was heated on the water bath for four hours, and 
then treated with dry potassium carbonate in quantity sufficient to 
neutralise the free acid and dry the ethereal salt. The liquid, after 
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being filtered and freed from alcohol by distillation, was treated with 
ethylic ether, again filtered, and finally distilled under reduced 
pressure. 15 grams of the ethereal salt were procured, boiling at 
63—65° at 25mm. The following observations were made on the 
liquid after it had been distilled several times; b. p. 71° at 43 mm. ; 
= 14°,J = 1, a = —10°77°, d14°/4° = 1:0423, [a]p = —10°33°. 

Analysis: Found, C = 50°77, H = 8°68; calculated, C = 50°85°, 
H = 8:47 per cent. 

In a second preparation, the ethereal salt was obtained much more 
advantageously from zinc ammonium lactate by heating the dried 
salt with alcohol and sulphuric acid. The salt used gave the rotation 
a = —57’, at 16°, in an § per cent. solution, and in a 200 mm. tube, 
and yielded zinc lactate containing the amount of water of crystal- 
lisation corresponding to 2H,O, namely, 12°88 per cent. ; the material 
used was therefore pure levorotatory salt. The mixture, consisting 
of 65 grams of dry zinc ammonium salt, 250 grams of ethylic alcohol, 
and 50 grams of sulphuric acid was heated on the water bath for four 
hours; the filtered liquid was neutralised with potassium carbonate, 
and then treated as described above. 39 grams of ethylic lactate 
were obtained, boiling at 65° under 27 mm. pressure, and having the 
observed rotation a = —1]°05°,1 = 1, t= 14°. The product was 
therefore slightly more active than that described above. 

Ethylic d-lactate (hydrochloric acid method).—Dextrolactic acid 
syrup was treated according to the method of Anschiitz and Pictet. 
The product did not hoil constantly, and the yield of ethereal salt 
was sv small that it was impossible to purify it, but we were able to 
ascertain tbat it had approximately the same activity as the product 
obtained by the sulphuric acid method. The failure of the method 
was probably due to the presence of some calcium lactate in the lactic 
acid; the calcium chloride thus produced would combine with the 
ethereal salt. 

Bihylic Acetyl-d-lactate from Ethylic d-lactate prepared by the Silver 
Salt Method).—Ethylic d-lactate ({a]p = —13°46°) was treated with 
acetyl chloride, as already described in the case of the malates; b. p. 
76—78° at 15 mm.; ¢ = 14°, = 1, a = —52°43°, d14°/4° = 1:0513, 
[a]p = —49°87°. 

Ethylic Acetyl-d-lactate from Ethylic d-lactate prepared by the 
Sulphuric acid Method.—The ethylic d-lactate used was the specimen 
described above, [a@]p = —10°33°. Our observations were as follows : 
b. p. 81° at 18 mm.; ¢= 14°, J=1, a = —52:30°, d 14°/4° = 
1:0513, [a]p = —49°75°. 

The specific rotation remained unaltered on re-distillation. This 
ethereal salt did not show the abnormal increase of observed rotation 
with rise of temperature exhibited by ethylic acetylmalate. The 
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observed rotations of one of the distillates in the 100 mm. tube at 6° 
and 14° were, respectively, —52°60° and —52°25°. 

Dextro-ethylic Chloropropionate—The ethylic lactate used was the 
specimen prepared by the sulphuric acid method, having the observed 
rotation « = —11°05°. 32 grams of ethylic lactate dissolved in 
80 grams of chloroform were slowly added to 57 grams of phosphorus 
pentachloride, to which about 10 grams of chloroform had been added, 
the mixture being kept cool during the operation. The reaction took 
place readily, and all the phosphorus pentachloride dissolved on stand- 
ing. Water having been added, the chloroform solution was separated, 
dried with ignited sodium sulphate, and distilled under reduced 
pressure. On the first distillation, under a pressure of 35 to 50 mm., 
three fractions were obtained, showing the appended observed 
rotations: under 64°, a = +10°; 64—80°, a = +18°5°; 80—140°, 
a= —36°. After several distillations, 12 grams of the chloro- 
propionate were obtained, boiling at 68° (50 mm.), and showing the 
activity ¢= 8°, J = 1, a= +1941°. J. Wallace Walker found 
a = +21°21° (¢ = 11°) for a specimen prepared by acting on calcium 
lactate with phosphorus pentachloride, and « = +21°78° (¢ = 5°) 
for a specimen prepared similarly from lactic acid. The lower 
activity of our preparation may have been due to its not being 
entirely free from the oppositely active compound of high boiling 
point produced simultaneously with the chloropropionate, or to the 
presence of racemised substance. 


Discussion of Results. 


We tabulate, on the following page, the specific rotations of ethereal 
malates and acidylmalates examined by Anschiitz and Reitter, Walden, 
and ourselves. 

Columns I and II contain Anschiitz and Reitter’s, and Walden’s 
results, respectively, obtained with ethereal salts prepared by 
Anschiitz and Pictet’s method of etherification, and with derivatives 
made from these; in column III are the results obtained by ourselves 
with the malates, prepared by the methods indicated, and with the 
ethylic acetyl- and butyryl-malates derived from them. We have also 
placed together, for comparison, Walker’s observations and our own 
on the lactates and their derivatives. 

The most notable feature in the numbers quoted for the malates is 
the higher activity of the ethereal salts prepared by the silver salt 
method as compared with that of the corresponding compounds 
obtained by the other methods. It is true that our observations 
were made at 11°, and Anschiitz’s and Walden’s at 20°, but the 
large difference of activity exhibited cannot be due to this cause, as 
we found in the case of ethylic malate that the variations of activity 
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within short ranges of temperature were comparatively slight ; 
besides this, observations made by ourselves at the same temperature 
on the ethereal salt prepared on the one hand from silver malate, and 
on the other by the hydrochloric and sulphuric acid methods, show 
the same striking differences. Neither are these due to differences in 
the activity of the malic acid used, as our substances were all made 
from the same sample of acid. The general correspondence of the 
results obtained by Anschiitz, Walden, and ourselves in the case of 
ethylic malate, prepared by the hydrochloric acid method, indicate also 
that the malic acid used in all three cases was of nearly the same degree 
of activity. Assuming that the numbersobtained by us with the malates 
prepared by the silver salt method represent the actual specific rota- 
tions of the pure compounds, and that the lower activity of these 
salts when made by the other methods is due to racemisation, we 
have caleulated the percentage of inactive racemised salt contained in 
the latter, using Anschiitz’s results for the purpose; these percentages 
are contained in column IV. It is, perhaps, worthy of remark that 
these numbers follow the same order as the specific rotations, the 
maximum 15°3 per cent., occurring at propylic malate, which is the 
most active of the series. The higher activity of the ethereal salts, 
prepared by the silver salt method, holds true also of the lactates ; 
J. Wallace Walker has pointed out that the methylic and ethylic 
lactates which he prepared by this method are much more active 
than the compounds Le Bel, Frankland, and Henderson prepared by 
heating the acid and alcohol. The activity of the lactic acid used by 
Le Bel, and by Frankland and Henderson, is not quoted, and it 
seems probable from the low activity of the ethylic lactate 
({a]p = —8°6°), prepared by the latter, that their acid contained 
some racemoid impurity to start with. To ascertain the difference 
of activity shown by lactates made from the same material by dif- 
ferent methods, we prepared ethylic lactate by the silver salt method, 
and also by the sulphuric and hydrochloric acid methods, as already 
described. The activity [@|p = —13°46° of the lactate from the 
silver salt is not quite so high as that obtained by Walker (14°52°) 
and by Klimenko (14°19°) by the same method, the difference being 
due probubly to some error in preparation on our part, but it is very 
much higher than the activity of the specimen prepared by the sul- 
phurie acid method which had only the specific rotation —10°33°. 
The difference of activity between our two ethylic lactates is in fact 
much greater than any differences found in the malates, amounting— 
if racemisation be assumed to be the cause—to 23°3 per cent. of 
racemoid substance. We are inclined to think that similar differ- 
ences will be found to exist generally in the case of the ethereal 
salts of hydroxy-acids, prepared by the silver salt and other methods, 
VOL. LXIX. 3K 
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- and Mr. J. W. Rodger informs us that he has discovered such differ- 
ences in the tartrates. 

With the object of ascertaining whether the differences of activity 
.referred to persist in derivatives of the ethereal salts made by the 
different methods, we prepared ethylic acetylmalate from the two 
different specimens of ethylic malate, and ethylie butyrylmalate from 
the’ more active ethylic malate; we also prepared ethylic acetyl- 
lactate from both specimens of ethylic lactate, and ethylic chloro- 
propionate from the less active ethylic lactate. 

An inspection of the tabulated specific rotations will show that the 
activity of the derivatives is not proportional to that of the ethereal 
salts from which they were made; the differences exhibited by the 
origival ethereal salts in fact almost disappear in the derivatives, or 
are much reduced. It will be seen, for example, that the specific 
rotations of the two specimens of ethylic acetyllactate are —49°87° 
and —49°75°, although the activity of the specimen of ethylic lactate, 
from which the latter of these was prepared, was 23 per cent. less 
than that of the specimen from which the former was made. 
Walden’s ethylic malate, [a])p = —10°18°, gave ethylic butyryl- 
malate, [a]p = —22°22°; our ethylic malate from the silver salt, 
[@]p = —12°42°, gave ethylic butyrylmalate, [a]p = —22°70°, an 
activity much lower than that calculated from Walden’s result even 
when allowance is made for the difference in the temperatures of ob- 
servation. With respect to ethylic chloropropionate, this ethereal salt 
has not yet been prepared from ethylic. lactate obtained from silver 
lactate, Walker having prepared his specimens from lactic acid and 
calcium lactate; it is, therefore, impossible to make a comparison 
between the activities of the chloropropionates prepared from the 
two ethylic lactates. If, however, we assume that Walker’s specimens 
-possessed the maximum activity corresponding to that of the sub- 
stance derived from silver lactate, it will be seen that the activity of 
our chloropropionate, prepared from the less active ethylic lactate, 
considerably exceeds the activity calculated on this assumption. 
Thus the observed rotation of the less active ethylic lactate was 
a = —11:05°, that of the lactate from the silver salt —14-02°, that 
of Walker’s chloropropionate +21°78°; our chloropropionate should, 
therefore, have had the cbserved rotation +17°17°. The rotation 
found was +19°41°. 

By the conversion of our chloropropionate into zinc lactate, which 
is described later, we found that it did actually contain racemised 
substauce, which would account for it falling short of Walker's 
result. 

It is very improbable that the difference in activity exhibited by the 
ethereal malates and lactates, prepared respectively from the silver 
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salts and by the hydrochloric or sulphuric acid methods, is due to 
foreign substances contained in them; the constancy of the boiling 
points, the results of analysis, and the comparative uniformity in 
optical properties shown by different preparations will scarcely admit 
of this explanation. The most obvious explanation, undoubtedly, is 
that the ethereal salts made with the aid of mineral acids undergo 
partial racemisation. The general agreement observable in the rota- 
tions of the ethereal malates, prepared by Anschiitz and by Walden, 
and of our specimens of ethylic malate, prepared both with sulphuric 
and hydrochloric acid, shows that in spite of the varying conditions, 
the racemisation in each case must have occurred to the same extent. 
This would, no doubt, find an explanation in the conception of 
racemisation as a result of a reversible reaction, the velocity of which 
gradually diminishes until it proceeds so slowly that a_ practical 
equilibrium is established. Inasmuch, however, as the acetyl and 
butyryl derivatives show nearly the same rotation whether they are 
prepared from the more or less active malate, this explanation 
involves the further assumption that when an acidyl malate is pre- 
pared from the more active malate, a much greater amount of 
racemisation occurs under the action of the acidyl chloride, than 
when the same reaction is carried out with the less active malate, so 
that finally the same condition of equilibrium is reached in both 
cases. _The same remark applies to the ethylic lactates and acetyl- 
lactates. We may here point out that on the hypothesis of racemi- 
sation, not only are the ordinarily accepted optical constants of the 
ethereal malates, and no doubt of other series of ethereal salts made 
with the aid of mineral acids, incorrect, but large corrections must 
also be applied to the values of the acidyl malates, and similar 
derivatives of hydroxy-acids, such as the tartrates, which have played 
a prominent part in the discussion of the relation of optical activity 
to chemical composition. Thus, for example, the rotations of the 
series of acetyl malates, quoted by Walden, do not exhibit any 
definite relation of optical activity to change of composition, but, 
assuming that our higher values for the malates made from the 
silver salt are the true values, and calculating the rotation of the 
acetyl malates from the latter, an entirely different result is obtained. 
It might then be concluded that the series shows a maximum of 
activity at the ethylic member. 


Observed 

(Walden), Corrected values. 
Methylic acetylmalate.... —22°92° 24°56° 
Ethylic - esse —22°52 27°51 
nor-propylic acetylmalate.. —22°85 26°94 
nor-butylic "a «» —19°92 (Anschiitz) 22°67 
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. Similar corrections would have to be applied to the numerous other 
derivatives prepared by Walden. 

The conclusion (based on the conception of racemisation as a 
reversible reaction) that the same condition of equilibrium is finally 
established in the case of the acidyl malates and lactates whether 
they are prepared from the more active or less active ethereal salts 
leads to the idea that the presence of racemoid substance would 
protect the active substance from further racemisation. To test this 
we prepared ethylic lactate from a mixture of active and inactive 
zinc lactates by the sulphuric acid method. The salts were mixed in 
such quantities that the proportion of inactive acid present should 
be somewhat less than, according to our supposition, it is present in 
the ethylic lactate made by the same method from pure active 
materia]. 

The proportions of active and inactive zinc lactate taken were such 
that the 83-4 and 16°6 per cent. of active and inactive lactic acid 
respectively were present. On the supposition that an equilibrium 
was established when 23°3 per cent. of inactive acid was present in 
the solution (as shown by the ratio between the specific rotations of 
the two ethereal salts, 13°46° and 10°33°), about 6°7 per cent. of the 
active acid would be racemised, and the ethereal salt produced 
should have the rotation a = —10°77°, that is, should be identica} 
with the ethereal salt prepared from pure active material. The 
observed actual rotation of the ethereal salt thus prepared was a = 
—8°40°, which is slightly smaller than the rotation calculated on the 
assumption that the inactive substance added had no protective 
effect, namely, —8°98°. The idea, therefore, that a state of equi- 
librium between active and inactive substance is set up in the course 
of the reaction under consideration does not receive any support from 
this experimert. 

With the view of detecting the presence of racemoid substance in 
the ethylic malate ([a]p = —10°3U°) prepared by the hydrochloric 
acid method, we hydrolysed 15 grams of the ethereal salt with 
potassium hydroxide, obtained the lead salt by precipitation, and 
from this, in the usual manner, the acid. The dry acid was dissolved 
in acetone and filtered; the filtrate was then evaporated to dryness, 
and the residue left in a vacuum over sulphuric acid till constant in 
weight. The specific rotation of the recovered acid in acetone solu- 
tion was determined as follows: ¢ = 5°, 1 = 2, c¢ = 68856, a = 
—0°93°, [a]p = —6°75°. 

The activity of the original acid used under similar conditions was 
[a]p = —6°62°. The experiment gives no indication of the presence 
of racemised acid, but the result can scarcely be regarded as decisive 
owing to possible error arising from the smallness of the rotation, 
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and to the risk of the inactive acid having been eliminated in the 
course of recovery. To avoid these possible sources of error, the 
experiment was modified as follows: 3 grams of each of the speci- 
mens of ethylic malate, prepared respectively from silver malate, and 
by the hydrochloric acid method and showing the rotations —14'30° 
and —11°66°, were carefully weighed, and, to each, 33 c.c. of standard 
potassium hydrate were slowly added, the quantity being slightly in 
excess of that required for complete hydrolysis. After standing some 
time, the solutions were each made up to 50 c.c., and examined in a 
400 mm. tube at 5°. The readings were respectively —2°72° and 
—2°51°; the solutions were then heated at 100° in tightly stoppered 
bottles in order to ensure the hydrolysis being complete in both cases, 
and they were found to have undergone no farther change on exami- 
nation with the polariscope. Of the two products of hydrolysis, that 
from the less active ethereal salt showed certainly the lower activity, 
but the difference was less than balf what it should have been, if 
calculated from the relative rotations of the ethereal salts. 

With the view of getting a more decisive result, we examined the 
specimens of ethylic lactate of lower and higher activity by 
hydrolysis, and conversion of the products into zinc lactate, in which 
the presence of inactive salt can be more certainly detected by the 
water of crystallisation than is possible in the case of the malates. 
3 grams of ethylic lactate from the silver salt ({2]p = —13°46°) 
were heated with 150 c.c. of water and excess of zinc carbonate for 
14 hours on a water bath, using a reflux condenser. The liquid was 
then filtered and evaporated nearly to dryness, care being taken to 
keep the salt which separated, under the surface of the solution. An 
estimation of the water of crystallisation in the air-dried salt thus 
obtained, made by heating it at 125° till constant in weight, gave the 
result 13°19 per cent., the calculated percentage for pure active zinc 
lactate being 12°88. As the salt might well retain traces of free 
lactic acid or other volatile impurity, the object we had in view 
having precluded its recrystallisation, it may be concluded that the 
ethereal salt from which it was recovered contained little or no 
racemised substance. The same experiment was performed under 
the same conditions with ethylic lactate ([«]p = —10°33°) prepared 
by the sulphuric acid method. 3°3 grams of air-dried salt were 
obtained, which was found to contain 13°38 per cent. of water of crys- 
tallisation. Calculating from the quantity of inactive substance 
contaived in the ethereal salt, as indicated by the ratio of its acti>*', 
to that of the ethereal salt prepared by the silver-salt method, the 
water of crystallisation should have been 14°11 per cent. Another 
similar hydrolysis was carried out with 5 grams of a specimen of 
ethylic lactate similar in activity to the last ; two successive crops of 
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zine lactate were obtained containing respectively 13°10 and 13°30 
per cent. of water. ‘The residue obtained from the mother liquor 
was slightly viscous, and could not be further examined; it was, 
moreover, so smal] that it is scarcely possible that it contained all the 
inactive salt which calculation led us to expect. A larger quantity, 
15 grams, of ethylic lactate (2 = —11:01°) was hydrolysed with 
barium hydroxide; the acid, having been liberated from this by the 
addition of rather less than the calculated quantity of sulphuric acid, 
the solution was filtered, treated with zinc carbonate, again filtered, 
and the solution of zinc lactate evaporated as nearly to dryness as 
the risk of the salt losing its water of crystallisation would allow ; 
the salt thus obtained was dissolved in water, and two successive 
crops of crystals from the solution were found to contain respectively 
13°17 and 13°20 per cent. of water of crystallisation. An estimation 
of zinc in the anhydrons salt gave the namber 26°79, the calculated 
percentage being 26°87. The united mother liquors were evaporated 
nearly to dryness, but the residue containing a little undecomposed 
barium lactate, and being, moreover, very small in quantity, could 
not be further examined. The activity of one of the crops of zinc 
lactate was found to be as follows: t= 9°,1=>4,c= 748,¢= 
—1°87°, [a]p = —625°. This result corresponds exactly with the 
specific rotation —6°29° previously found with the pure active zinc 
lactate (Trans., 1895, 67, 623). These observations lead us to con- 
clude that active ethylic lactate prepared by the sulphuric or hydro- 
chloric acid methods may contain small quantities of racemised 
compound, but that the proportion of it present is too small to account 
for the low activity as compared with that of the product obtained 
from silver lactate. 

Our failure to detect the expected amount of racemised compound 
in the ethereal malates or lactates prepared by the mineral acid 
methods of etherification, coupled with the remarkable fact of the 
comparatively constant activities obtained by different observers by 
these methods, and the fact that the ethereal salts thus prepared, and 
those prepared from the silver salts, yield acidyl derivatives of nearly 
the same degree of activity, have led us to entertain the idea, how- 
ever improbable, that the ethereal salts of hydroxy-acids prepared by 
the two methods may possibly differ in constitution or configuration. 
The close agreement between the specific gravities of ethereal salts 
prepared by the different methods, it must be admitted, militates 
against this view, but, on the other hand, it may be concluded that 
the differences in specific gravity, if they existed, would be very 
slight, and. very exact determinations would be required to detect 
them. Circumstances prevent us pursuing the investigation further 
together, but it will be continued by one of us. 
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Whatever may be the cause of the differences in optical activity of 
the ethereal salts of hydroxy-acids prepared by different methods, it 
is evident that until the matter has been further investigated it will 
be unsafe to base any conclusions regarding the relation of. optical 
activity to chemical constitution on observations made on such 
substances. 


Conversion of Dextrolactic into Leevolactic acid. | 


It has been already stated, that in order to ascertain if our specimen: 
of ethylic chloropropionate, which had been prepared from the ethylic 
lactate of low activity, contained any inactive chloropropionate, we | 
converted it into zinc lactate. The ethylic lactate referred to had 
been prepared from levorotatory zinc ammonium lJactate,.and was 
itself levorotatory. It has been shown by Walden and by J. Wallace: 
Walker that when the hydroxy! of the ethereal lactates is replaced 
by chlorine or bromine, by the action of phosphorus chloride :or 
bromide, the sign of activity is reversed. Our ethylic chloropropionate: 
was dextrorotatory, as was expected, but on converting the compound 
back again into zinc lactate we found that the recovered salt had the 
opposite activity to that of the lactate with which we started. The 
same remarkable inversion had, in fact, occurred, which Walden 
(Ber., 1896, 29, 133) has recently observed in the case of. malic 
acid. He has shown that each of the malic acids, under the action of 
phosphorus halides, yields an oppositely active halogen succinic acid, 
and that each of these in turn yields a malic acid of the same order of 
activity as itself, so that by the reactions indicated each of the 
optically active malic acids may be inverted. We find that the same 
phenomenon occurs in the case of dextrolactic acid, and will, no 
doubt, be exhibited also by ita oppositely active isomeride. 

We first attempted to reproduce lactic acid from the ethylic chloro- 
propionate by the action of potassium hydroxide in excess. On 
gently warming the chloropropionate with aqueous alkali, the ethereal 
salt was apparently hydroiysed, but chlorine was not removed from 
it; on boiling, petassium chloride was quickly formed, but the 
resulting solution was inactive. Some of the ethereal salt was then 
warmed with water and silver oxide; as it remained apparently un- 
altered, enough potassium hydroxide was added to hydrolyse the 
compound in the expectation that the solution of the potassium salt 
might be acted on by the silver oxide. No chloride of silver seemed 
to be produced on warming. and the solution was found to be dextro- 
rotatory. After boiling for 20 minutes, the solution still remained . 
dextrorotatory, and much of the potassium chloropropionate remained 
unaltered, for, on tasting a small portion of the solution by boiling 
with excess of potassium hydrate, potassium chloride was produced in 
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abundance. These attempts to effect the conversion into active lactic 
acid having failed, the rest of the ethylic chloropropionate, 8°7 grams, 
was dissolved in aqueous alcohol, and hydrolysed by adding to it 
slowly the calculated quantity of barium hydrate dissolved in 100 c.c. 
of warm water. The solution was neutral, and was found to have a 
slight levorotation, from which it appears that the activity of barium 
chloropropionate is in the opposite sense to that of the acid. The 
chloropropionic acid was liberated by adding the calculated quantity 
of sulphuric acid. To the filtered solution of the acid, which was 
dextrorotatory, rather more than the quantity of silver oxide required 
to form the silver salt was added; silver chloride was formed in 
abundauce on warming the solution on the water bath, and the 
solution became very avid. The completion of the reaction was 
ascertained by boiling some of the filtered solution with excess of 
potassium hydroxide and finding that no more chloride was produced. 
The filtered solution was next saturated with sulphuretted hydrogen, 
again filtered, and then concentrated by evaporation. The solution 
-of lactic acid thus obtained was levorotatory, and on neutralising it 
with zinc carbonate the rotation was reversed. The deposit of crys- 
“talline zinc salt obtained from the concentrated solution, after being 
recrystallised and dried at 130°, was found to contain 26°90 per cent. 


~of zinc; the calculated percentage for anhydrous zinc lactate is 26°87. 


The water of crystallisation in the salt was 14°01 per cent., the cal- 


-culated percentage for 2H,0 being 12°88. The salt, therefore, con- 


tained a considerable amount of inactive zinc lactate, a result which 
was to be expected from the observed activity of the ethylic chloro- 
propiouate from which it was recovered. The presence of the inactive 


-salt was also borne out bythe specific rotation, a determination of which 


gave the following result: ¢ = 8°, 1 = 4°, ¢ = 748°, a = +1°72°, 
hence [@]p = +5°75°. The specific rotation of the pure active salt, 
~under similar conditions, is 4-6°29°. The chief part of the racemisa- 
tion probably occurred during the production of the ethylic chloro- 
propionate from ethylic lactate, for the zinc lactate from the latter 
contained, as has already been shown, much less racemised salt. 
Lactic acid was set free from the inverted zinc salt by sulphuretted 
hydrogen, and its solution was found to be levorotatory. 

The remarkable inversion of optical activity, discovered by Walden, 
of which we have furnished another illustration, seems at first sight 
inexplicable by the current theory of the asymmetric carbon atom. 
Armstrong (Proc. Chem. Soc., 1896, 45) has, however, offered a 
simple and ingenious explanation of the apparent anomaly which 
quite accords with the ordinarily accepted views. He supposes that 
by the action of phcsphorus pentachloride on a —— an inter- 


mediate compound containing the complex ¢ <? , may be formed, 


PCI; 


THE HYDRIODIDES OF HYDROXYLAMINE, 839 


which, by the action of hydrochloric acid is resolved into a chloro-acid 
and phosphorus oxychloride, and points out that if in this reaction 
“ the attuck became directed by the phosphorus, so that the chlorine 
took up the position of the phosphorus, complete inversion would be 
effected.” 

Walker found, in preparing the active ethereal halogen-propionates 
from lactic acid, that a small yield of the ethereal salt was obtained, 
and that in each case a large quantity of a high boiling compound 
was produced, which contained phosphorus, and was strongly active 
in the sense opposite to that of the propionate. We had a similar 
experience in preparing ethylic chloropropionate from levorotatory 
ethylic lactate. ‘The fraction of oil boiling above 80° gave, as already 
stated, a rotation of —3°67° in the 100-mm. tube. The oil went 
rapidly into solution on boiling with water, and on neutralising this 
solution by adding zinc carbonate, much zinc phosphate was pre- 
cipitated, which was separated by filtration. The zinc salt of the 
acid produced in the reaction was much more soluble in cold water 
than in hot, and was obtained in the crystalline state by warming 
the solution and filtering. Its solution in water was levorotatory. 
The acid, obtained by decomposing the salt with sulphuretted hydro- 
gen, was a syrup, and was strongly levorotatory in aqueous solution. 
It contained phosphorus, as phosphoric acid was abundantly formed on 
boiling it with nitric acid. The action of phosphorus pentachloride 
on the active ethereal lactates will be further examined in order to 
ascertain if the bye-product referred to is of the nature suggested by 
Armstrong. 


United College of St. Salvator and St. Leonard, 
University of St. Andrews. 


LII.—The Hydriodides of Hydroxylamine. 


By Wywypnam R. Donstan, F.R.S., and Ernest Gou.pine. 


In a previous paper (Proc., 1894, 138), the authors showed that 
methylic iodide reacts at the ordinary temperature with excess of a 
solution of hydroxylamine in methylic alcohol, much heat being 
evolved. The solution of hydroxylamine is prepared by the inter- 
action of molecular proportions of hydroxylamine hydrochloride 
and sodium methoxide dissolved in methylic alcohol. On evapora- 
tion, a mixture of hydriodide of trimethylhydroxylamine and hydr- 
iodide of hydroxylamine crystallises out; these compounds are 
separated by dissolving in methylic alcohol and fractionally pre- 
cipitating with ether. The hydriodide of hydroxylamine thus 
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obtained contains three molecular proportions of hydroxylamine’ 
combined with one molecular proportion of hydrogen iodide - 


(NH,OH);,HI. By further evaporation of the residual solution, 
we have isolated a second, and apparently definite, hydriodide con- 
taining two molecular proportions of hydroxylamine combined with 
one molecular proportion of hydrogen iodide (NH,OH),,HI. The 
normal salt, NH,-OH,HI, could not be found. The same hydroxylamine 
hydriodides are produced by the interaction of hydroxylamine and 
ethylic iodide. 

’ Both the salts are well crystallised and comparatively stable, 
especially the tribydroxylamine compound. They have’ since been 
obtained by the direct combination of hydroxylamine (dissolved in 
methylic alcohol) and hydrogen iodide (dissolved in a little water) ; 
after evaporation, one or other salt or a mixture of the two, depend- 
ing on the proportion of hydroxylamine used, crystallises out. We 
have not succeeded in crystallising any other definite hydriodide of 


hydroxylamine, and it is remarkable, especially in view of the stability 


of the normal hydrochloride, that no method we have tried, either 
direct or indirect, has furnished a crystalline normal hydriodide, 


‘ NH,OH,HI. When a solution of hydroxylamine in methylic alcohol 


is mixed with the calculated quantity of aqueous hydrogen iodide 
to form this salt, the solution quickly darkens in colour from 
the liberation of iodine, and when evaporated, either by heating or 
by exposing it in a desiccator over sulphuric acid, further decom- 
position occurs. Decomposition, under various conditions, of hydr- 
oxylamine hydrosulphate, (NH,-OH).,H.SO,, with calcium iodide, 
barium iodide, or potassium iodide.did not lead to the isolation of the 
normal compound. 

Trihydroxylamine hydriodide, (NH,°OH);,HI, forms thin, crystal- 
line plates which do not undergo any change in dry air, but in 
moist air gradually deliquesce, losing hydroxylamine. It is soluble 
in water and in methylic and ethylic alcohols, but not in ether; if 
this salt is recrysta!lised, either from hot methylic alcohol or espe- 
cially: from water, it gradually loses hydroxylamine, passing by 
degrees into the dihydroxylamine compound, which accounts for the 
higher percentages of iodine found in the analyses of certain speci- 
mens recorded below; but this loss does not occur if a little free 
hydroxylamine is present in the liquid. The salt is acid to litmus 
paper, and behaves as a powerful reducing agent. When gently 
heated in the dry state, it suddenly decomposes in the neighbour- 
hood of 100°, nitrogen and water being evolved and ammonium 
iodide left as a residue.. We find that the amounts of these .pro- 
ducts are formed in accordance with the equation (NH,OH),,HI = 
NH,I + N, + 3H,0. Various specimens of the salt have been 
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analysed, ihe iodine being estimated in the usual manner as silver 
iodide, and the hydroxylamine by titrating the aqueous solution 
with standard iodine in the presence of magnesia. 


I. NH;O = 41°03 per cent. ; I = 58°5 per cent. 
II. NH;O = 41°1 per cent. ; Ts = 58:4 per cent. 
III. NH,O = 43:7 per oink; I = 55:7 per cent. 
IV. NH;O = 43°59 per cent. 
V. NH;O = 43°8 per cent. 
Calculated for (NH,;O);,HI ; NH,O = 43°6, I = 55:9 per cent. 


Specimen III was recrystallised from water in the presence of an 
excess of hydroxylamine; specimens I and II were recrystallised 
from methylic alcohol, and specimens IV and V from the same solvent 
in the presence of a slight excess of hydroxylamine. 

Dihydroxylamine Hydriodide, (NH,-OH),,HI, is formed when the 
proper proportion of hydrogen iodide (in water) is mixed with a very 
slight excess of hydroxylamine (in methylic. alcohol), or it may be 
obtained by evaporating the mother liquor from the trihydroxylamine 
salt. The crystals, which resemble in appearance those of the tri- 
hydroxylamine compound, deliquesce more quickly in moist air. 
When recrystallised from water, iodine is liberated. The salt is acid 
to litmus paper, and acts as a powerful reducing agent. It is more 
soluble in water and in methylic and ethylic alcohols than the trihydr- 
oxylamine compound, and, like this substance, is insoluble in ether. 
It is best crystallised from its solution in hot methylic alcohol, 
although even in this case some of the salt is decomposed. Different 
specimens were analysed with the following results. 


I. NH;O = 345 per cent. 
II. NH,O = 33°9 per cent.; I = 66:7 per cent. 
III. NH,;O = 33:4 per cent. 
Calculated for (NH;0).,HI; NH,O = 34°02 per cent.; I = 65°45 p. c. 


From a solution of the di- and tri-hydroxylamine salts in methylic 
alcohol, the trihydroxylamine compound crystallises out first, and in 
this way a partial separation of the two salts may be effected. 

There seems to be no obvious explanation of the molecular assovia- 
tion which hydroxylamine exhibits in these salts. It is interesting to 
note that one of us has already shown that the simplest known oxime, 
formaldoxime, CH,NOH, also exhibits the peculiarity of forming 
salts of the same type, in which 3 mols. of the oxime are combined 
with 1 mol. of the halogen hydride, (CH,NOH),,HCI, &c. (Dunstan 
and Bossi, Proc., 1894, 55). The instability of the nermal hydr- 
oxylamine hydriodide as compared with hydroxylamine hydrochloride 
may be partly explained by the readiness with which hydrogen 
iodide reduces the single molecule of hydroxylamine to ammonia. In 
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the case of hydrogen chloride, besides the stable, norinal salt of the 
formula, NH.-OH,HCI, Lossen (Annalen, 1871, 160, 242) has de- 
scribed two other compounds, one, (NH»OH),,HCI, corresponding 
with one of the hydriodides now described, the other of the formula 
(NH,;OH);,HCl),. The latter salt, however, requires re-examina- 
tion, since the evidence for its existense offered by Lossen does not 
appear conclusive. We have not been able to isolate the correspond- 
ing hydriodide. 


Research Laboratory, 
Pharmaceutical Society, 
London. 


LIIL—The Determination of the Composition of a 
“ White Sou” by w Method of Spectragraphic Analysis. 
By W. Noet Harttey, F.R.S., Professor of Chemistry, Royal College 
of Science, Dublin. 


A FRrencua coin, formerly known as a “ white sou,” was given to me 
by my colleague Professor J. P. O'Reilly, Foreign Secretary of the 
Royal Irish Academy, with the information that such coins were at 


one time commonly in circulation in France, but had now become 
obsolete. It was supposed that they had been made during the 
Revolation of 1798, being hurriedly struck from any dies which came 
to hand, and from an alloy into which such suitable metals had 
entered as were most easily obtainable and readily appropriated, 
such as copper roofing, bronze cannon, and church bells. It 
was suggested to me that it probably contained silver. Its colour 
was that of pale gold, that is to say, of the precious metal in the 
natural state when it contains about half its weight of silver. It was 
curious that it did not ring, but this might have been accounted for 
by the edges being slightly cracked, the more probable reason, how- 
ever, being the peculiar composition of the coin which occasioned its 
cracking. 

As it was possessed of some historical interest, it became desirable 
that its composition should be ascertained without injuring it, and 
accordingly I resolved to make its analysis by the spectroscopic 
method, which may be more accurately described as spectrographic. 
The quantitative analysis by means of the spectrograph has been 
described by me in the Phil. Trans. (175, 49; also 325, 1884), and 
occasionally put into practice by executing analyses of the old 
brass coinage of James II and of silver coins of the reign of Edward I, 
Edward III, and Alexander of Scotland, which latter were found in a 
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bronze pot discovered in the foundations of a house in Aberdeen, and 
given to me by my friend Dr. Alexander Walker of that city. 

In order to analyse the sou, it was fixed in a clip and submitted to 
the action of a condensed spark, and the spectrum of the alloy obtained 
from the rays of the spark was photographed. 

The photographs obtained were compared with those of the pure 
metals, when the composition of the coin was found to be, by inspec- 
tion of the photographs, that of an alloy of copper, zinc, lead, and 
iron, 

The proportions of the constituents of the alloy were ascertained 
to be respectively between the extreme limits of 


13°9 per cent. and 14°6 per cent. lead. 

67°3 per cent. and 72°45 per cent. copper. 
8405 per cent. and 15°56 per cent. zinc. 
0°888 per cent. and 0°85 per cent. iron. 


There was neither tin, gold, nor silver present; it was in fact 
remarkably free from the latter precious metal. 

In order more closely to approximate to the actual composition of 
the coin, three alloys were made and submitted to the spark. 
After photographs had been taken from their spectra, Mr. Ramage, 
Assistant Chemist in the Royal College of Science, Dublin, care- 
fully analysed the alloy No. 3 by the ordinary methods, as this was 
the only one in which the lines in the spectra of each of the con- 
stituents corresponded with those in the spectra of the metals in the 
coin, both in the number and the length and strength of the lines. 

The alloys made as required for comparison had a composition 
shown by the following figures 

(1). (2). (3). 
Lead........ 13°94 14°64 13°93 per cent, 
Copper...... *67°34 72°45 72°35 ™ 
EGON. oie owow 0°888 0°85 0°85 - 
Zinc.. *8°405 12:70 ” 


96°345 99°83 - 


Tt was easily seen by inspection that *67°34 per cent. was too low 
for copper, and *8°405 per cent. too low for zinc. The alloy No. 3, in 
fact, was that which corresponded most closely and almost exactly 
with the composition of the coin. The zinc in No. 1 was undoubtedly 
too high, while the lead was practically correct. The iron in Nos. 2 
and 3 was correct. The composition of the white sou is thus seen to 
be that of brass in which lead takes the place of one half the zinc. 
A sample of brass analysed in my laboratory gave the following 
figures: lead 0°4, copper 68°59, iron 0°72, and zinc 30°18 per cent. 
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1t was considered that there would be no adequate advantage 
gained by filing or cutting the coin for the purpose of submitting 
the fragments to farther analysis in the usual way. 

As all kinds of antique jewellery and coins may be analysed satis- 
factorily by the spectrographic methcd without causing any injury, it 
seems desirable that this method should be more generally known and 
more frequently practised than at present. 


LIV.—On the Temperature of Certain Flames. 
By W. Noet Harttey, F.R.S., Professor of Chemistry, Royal College 
of Science, Dublin. 


Havine, for some years past, given much attention to flames and 
the nature of the spectra they emit, I have endeavoured to ascertain, 
as far as practicable, the temperatures they were capable of attaining. 
Unfortunately no thermometer or pyrometer, even of the nature of 
H. Le Chatelier’s thermoelectric couple, is suitable, because the mass 
of the material to be heated is too large, and in the use of the latter 
instrument its destruction would be involved in the measurements 
attempted.* It is impossible to measure with accuracy the mazi- 
mum temperature of any part of a flame of small dimensions, because 
if a body is placed within the flame it must necessarily reduce its 
temperature. 

I have elsewhere mentioned the fact that a candle flame is hot 
enough to melt platinum, if the material to be melted be only small 
enough to be surrounded by the heated gases, and not large enough 
to conduct the heat away.. (‘‘ Oxy-hydrogen Blow-pipe Spectra.” 
Part I. Phil. Trans., 185, 161—212.) 

From recent publications and discussions I imagine there must be 
some misconceptions prevalent as to the temperature of flames. 

In this connection, 1 may quote Sir Humphrey Davy, “ The real 
temperature of visible flame is perhaps as high as any we are 
acquainted with. Mr. Tennant was in the habit of showing an 
experiment, which demonstrates the intensity of its heat. He used to 
fuse a filament of platinum in the flame of a common candle; and it 
is proved by many facts that a stream of air may be made to render 
a metallic body white hot, yet not itself be luminous.” (Phil. 
Trans., 1816, 117.) .“ Flame is gaseous matter heated so highly as to 
‘be luminous, and to a degree of temperature beyond the white heat 
of solid bodies, as is shown by the circumstance, that air not lumi- 


* Professor Vivian Lewes has used this form of pyrometer with wires of very 
sma!l dimensions for measuring the temperature of flames. 
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‘nous will communicate this degree of heat. This is proved by the 
simple experiment of holding a fine wire of platinum about 1/20th of 
an inch from the exterior of the middle of the flame of a spirit lamp, 
and concealing the flame by an opaque body, the wire will become 
white hot in a space where there is not visible light.” (Phil. Trans., 
1817, 68.) 

Evidence of the High Temperature of a Candle Flame.-—That com- 
bustion in a candle flame is productive of a very high temperature is 
capable of proof in various ways. 

lst. Pure gold leaf melts with extreme ease in any partof a nis 
flame where there is complete combustion, from the point where. the 
wick curls over, or just under the tip of the curl, up to the apex of 
the flame. The highest temperature is about halfway up near the 
zone of greatest luminosity, and either within or near to the mantle. 
Hence the temperature at the lowest compatation caunot be less than 
1045° C. at these positions. This experiment is not open to the objec- 
tion that the gold combines with carbon contained in the flame, and 
that by such change its melting point is lowered, for this is not the 
fact. 

2nd. Faraday has described how he melted platinum wires 
1/3000th of an inch in diameter in a candle flame. (Lectures on 
the Chemistry of a Candle, 195. C. Griffin and Co., 1865.) 1 
have myself melted fine wires of platinum in a candle flame, and the 
melting point of this element cannot be less than 1775° C. (Violle). 

It has been remarked that a possible fallacy may underlie the 
deductions drawn from the behaviour of a platinum wire in a 
flame containing free carbon or carbonic oxide, on account of the 
specific chemical action which these substances may exert on the 
metal. (Proc. Chem. Soc., 16th January, 1896, 5.) 

While fully recognising the propriety of drawing attention to this 
matter, it is right to say that I can find no evidence of the melting point 
of platinum being lowered by the action of carbon, and according to 
my experience it is not materially altered. 

3rd. The most striking evidence of the very high temperature 
even of a candle flame is obtained by a careful examination of the 
spectra which can be observed in it. The line spectrum of sodium 
which is caused by the dissociation of its oxide may usually be seen, 
and the spectrum of calcium oxide may be obtained’ by putting a 
trace of lime on the wick. But by far the most convincing proof of 
the very high temperature of the flame is the well known fact that 
the spectrum of carbon is always visible in the mantle. The two 
groups of bands in the yellowish-green, with wave-lengths about 
5627 to 5372, and 5170 to 5086, are particularly brilliant, and also 
the group in the blue, wave-length from 4743 to 4688. Any flame 
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showing these kands, which belong to the vapour of carbon, and 
which can show the radiations characteristic of the vapour of calcium 
oxide, must be ata temperature approaching that of the oxy-hydrogen 
flame. 

Proof that the Melting Point of Platinum is not materially Reduced 
by Carbon in the Flame.—In order to ascertain whether heating a 
platinum wire in a flame containing free carbon gives rise to the 
formation of a compound of platinum and carbon which melts at 
a lower temperature than pure platinum, the following experiments 
were made. 

A length of about 17 inches of platinum wire was fixed to a sup- 
port by means of a screw, the end of which nipped tho wire; the 
opposite end was allowed to lie on a triangular file as a support, and 
through the wire a current of electricity was passed.. The wire was 
then very gently drawn along the flat, horizontal surface of the 
triangular file until it was obvious that the metal was near its melt- 
ing point. Then with increased caution the wire was shortened, but 
without exercising the slightest tension, until it grew hotter, and 
finally gave way by fusion. 

The portion of the white-hot wire dropped immediately over the 
sharp edge of the file and was then squeezed down upon it to show 
exactly where contact was made, and the distance from this point to 
that end oi the wire which had not been heated by the current was 
carefully measured. By deducting its length from the total length 
of the wire, the exact quantity which had been heated to melting 
point was ascertained. Some of the same wire was then heated for 
10 or 15 minutes in a broad bat’s-wing burner until it had lost its 
brightness. From time to time a coating of carbon could be seen 
upon it. This wire was then tried exactly in the same way; the 
results obtained being as follows. 


Length of Wire heated to tts Melting Point. 
I II. IIT. 


Pure platinnm....... 10}9ths 10,3;ths 10 inches. 
Carbonised platinum.. 10;%ths 10,4;ths WO ‘ny 


It will thus appear that the melting point of the metal had not 
keen altered. 

That the current from the 15-storage cells decreased by use in 
the interval between the first and second pairs of experiments 
accounts for the reduced Jength of wire shown to have been heated, 
but inequalities in the wire and also increased accuracy in perform- 
ing the experiment may a'so have had effect. 

Thus the doubt that was cast upon the accuracy of Profcssor 
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Smithell’s statement of the high temperature of the mantle of the 
Bunsen flame may be said to be dissipated. 

The melting of platinum wires in a candle flume cannot be 
carried out with any ordinary wire. That which I used* was drawn 
by Wollaston’s method—a core of platinum inside a tube of silver, 
The silver was dissolved away from several short lengths of wire by 
digesting it in strong nitric acid, in some instances, for a period of a 
week, until no more silver was removed, and the wires were then 
washed with distilled water until nothing further could be removed 
from them. They were invisible to the unaided eye, except when 
they were struck by a ray of sunlight. It is difficult to introduce 
more than very short lengths of wire into the flame, because the up- 
rush of heated gas or vapour carries the wire away with it. But, if 
held by two ends, the wire, though invisible, may be passed into the 
flame when it instantly melts. 

I have made some experiments on other flames, all of which have a 
temperature as high as that of a candle. Platinum wire 1/1000th of 
an inch thick melts in any part of a hydrogen flame 1 inch in height; 
it melts in the inner cone of a cyanogen flame with extreme ease, 
also in the flame of carbon monoxide, when only 1 inch in height, if 
introduced into the inner cone of the flame, and with great ease if 
placed at the tip of the cone. It must be recollected, however, that 
a carbon monoxide flame | inch in height is of much larger volume 
than a candle flame of this height, because the gas does not 
ignite if allowed to flow under pressure from a narrow orifice. In 
this case the orifice was a platinum tube of 1/8th of an inch internal 
diameter. The temperatures thus recorded cannot have been lower 
than 1775° (Violle). 

The latter experiment goes to confirm my calculation of the tem- 
perature of the Bessemer flame, based on the comparison of its 
spectrum with the spectra produced by the oxyhydrogen flame, and 
from the fact that the flame from a converter is the result of the 
combustion of carbon monoxide mixed with about twice its volume of 
nitrogen, the gaseous mixture burning in air with an initial tempera- 


ture of about 1500° (Phil. Trans., 185, 1041). 


* Obtained from Messrs. Johnson and Matthey. 
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LV.—Metadichlorobenzene. 
By Frepericx D. Cnarraway, M.A., and R. C. T, Evans, 


METADICHLOROBENZENE, although well known, is extremely costly and 
difficult to procure, and no directions for preparing it in quantity are 
available. The authors, having required large quantities of this 
compound for an investigation of some derivatives of benzene on 
which they are engaged, have worked out a simple and very satis- 
factory method for obtaining it easily in bulk. 

A large number of operations are needed, but the yields through- 
out are so good and so little affected by slight variations of condition 
that they think it worth describing, if only as an excellent prepara- 
tion to put into the hands of students in order to illustrate several 
operations not frequently carried out in the laboratory, Kérner’s 
method of obtaining this compound from metanitraniline is not a 
practicable one, and, as is well known, the difficulty of obtaining it 
from metaphenylenediamine is great, for although Sandmeyer ob- 
tained 2 grams of metadichlorobenzene from 8 grams of metapheny!]- 
enediamine by adding sodium nitrite to a boiling solution containing 
cuprous chloride, the method, cannot be conveniently carried out on 
a large scale. Beilstein and Kurbatow’s method is better, but treat- 
ing acetanilide with chlorine, and diazotising with ethyl nitrite, are 
not at all satisfactory. 

In the method employed by the authors, acetanilide dissolved in 
hot acetic acid is treated with a thin paste of bleaching powder until 
two hydrogen atoms occupying the meta-positions with respect to one 
another, are replaced successively by chlorine and a heavy liquid 
additive product of hypochlorous acid with the 1: 3: 4-dichloracet- 
anilide is formed. On cooling, this sinks, is readily separated, and 
when treated with hot alcohol rapidly decomposes, | : 3: 4-di- 
chloracetanilide crystallising out. The dichloracetanilide is then 
heated with strong sulphuric acid, which hydrolyses it, and on pour- 
ing the solation on to ice, 1:3: 4-dichloraniline separates. The 
dichloraniline dissolved in a large quantity of alcohol is then mixed 
with an excess of hydrochloric acid, and diazotised by sodium nitrite ; 
as the temperature rises during the interaction, the diazo-group first 
formed is replaced by hydrogen. The yield of 1: 3: 4-dichlorani- 
line is nearly quantitative, and that of pure metadichlorobenzene 
over dP Per cent. of the weight of acetanilide taken. The following 
are the various steps in the preparation. 
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NH-COCH, NH-COCH; NH-COCH; NH-COCH,,HCI1O 
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Acetanilide —> 1: 4-Chloracetanilide —> 1:3 :4-Dichlor- —+ HClO addition pro- 


acetanilide. duct of 1 :3:4-dichlor- 
acetanilide. 


NH-COCH, NH, N:NCl 
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— 1:3:4-Dichloracetanilide — 1:3:4-Dichlor- —> 1:3:4-Dichlo- — 1:3-Dichlo- 
aniline. rodiazobenzene robenzene. 
chloride. 

Preparation of the Hypochlorous acid Additive Compound of 
1:3: 4-Dichloracetanilide, C,H,Cl..NH-COCH;,HC1lO.—Acetanilide 
is dissolved in from 15 to 20 times its weight of dilute acetic 
acid (ordinary commercial acid containing about 30 per cent. of 
acetic acid), and although the exact amount of acid is immaterial, it is 
best to have a considerable excess present ; the solution is heated in 
a large porcelain basin to about 80°, and good bleaching powder 
rubbed up to a thick cream with water is slowly added, the mixture 
being continually stirred; 1 : 4-chloracetanilide separates, and if the 
operation be stopped after the calculated quantity of bleaching 
powder has been used, a theoretical yield of this derivative can be 
obtained. As more bleaching powder is added, the 1 : 4-chloracet- 
anilide is converted into 1 : 3 : 4-dichloracetanilide, and if the proper 
amount of bleaching powder be employed the latter can be also 
obtained nearly pure. On account, however, of some difficulty in 
knowing exactly when the conversion is complete and still more the 
trouble in collecting the precipitated anilide which clogs up the filter, 
it is more convenient to convert tle anilide into the heavy, oily hypo- 
chlorous acid additive product by the addition of more bleaching 
powder, as, after subsidence, the supernatant liquid can readily be 
poured off from the oil. As the cream of bleaching powder is added 
to the hot, pulpy mass, each addition causes a frothing which keeps 
the mass stirred, the end of the reaction being shown by a free evolu- 
tion of chlorine, very little escaping up to this point if the bleaching 
powder be carefully added. 

After standing for an hour or so to settle and partially cool, the 
supernatant liquid is decanted, while still tepid, from the heavy, oily 
additive product; this is a heavy, yellowish oil of a peculiar odour, 
which, on standing, slowly decomposes, depositing crystals of pure 
1:3: 4dichloracetanilide. ‘This decomposition is accelerated if the 
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oil is dissolved in ether, and takes place very rapidly if it is treated 
with concentrated hydrochloric acid or warmed with alcohol; 
alcohol, however, gives a much purer product, as with hydrochloric 
acid chlorine is evolved and tarry substances are formed. 

Preparation of 1:3: 4-Dichloracetanilide, CgHsCl,.NH:-COCH;.— 
When the liquid additive product is dissolved in about twice its volume 
of alcohol in a large porcelain basin, the solution soon becomes heated, 
and, after a time, boils violently, aldehyde being evolved ; when the 
action is at an end, and the mass cool, 1 : 3: 4-dichloracetanilide is 
left as a crystalline miass soaked with ‘the remainder of the alcohol. 
As thus obtained it is pure, one crystallisation from acetone, yielding 
it in large, brilliant, colourless crystals. The action may be 
accelerated at the commencement by heating on a water bath. If 
used for the preparation of dichloraniline it is only necessary to drain 
the crystalline mass on a filter pump, and wash once or twice with a 
little water. 

Preparation of 1 : 3: 4-Dichloraniline, CsH;Cl,,.NH2.—The replace- 
ment of the acetyl group by hydrogen is best effected by strong 
sulphuric acid. The drained crystals of the dichloracetanilide are 
dissolved in about four times their weight of strong sulphuric acid 
in a porcelain dish, and the solution heated at 110—120° for about 
20 minutes ; after cooling somewhat, it is poured into a moderate 
excess of water containing lumps of ice when the dichloraniline erys- 
tallises out as a white pulp. The compound is very easily separated 
by a filter pump, and, after thoroughly draining, is ready for diazo- 
tising. If the dichloraniline be required absolutely colourless and 
pure, it can be readily obtained so by distilling it with superheated 
steam from a slightly alkaline liquid. 

Diazotisation and Conversion of 1 : 3 : 4-Dichloraniline into 1 : 3-Dt- 
chlorobenzene.—One part of dichloraniline is dissolved in a large flask 
in about five parts of alcohol, to which two parts of concentrated 
hydrochloric acid have been added; the flask should not be more 
than one-third filled with the mixture. ather more than the 
calculated quantity of sodium nitrite very finely powdered and 
stirred up with abont two parts of alcohol is then added gradually 
with continual agitation, the flask being placed in a stream of cold 
water. The temperature of the liquid rises quickly as the nitrite is 
added, and each addition is followed by a rapid evolution of nitrogen. 
Tt is best not to allow the temperature to rise above 60—70°, but no 
precaution other than that of keeping the flask in a stream of cold water 
need be taken. When all the nitrite has been added, the mixture is 
allowed to stand a few hours, and then steam is blown through it; 
the 1 : 3-dichlorobenzene distils over with the alcohol, and remains 
dissolved in it, but is readily obtained on diluting the distil- 
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late with rather more than its own bulk of water. The alcohol 
can be recovered and used again. A small quantity of a black tar, 
solidifying on cooling to a black pitch, remains behind with the 
liquid in the distilling flask. 

The metadichlorobenzene, which sinks as a heavy oil to the bottom 
of the diluted alcohol, is separated, dried over calcium chloride, and 
distilled. Practically the whole distils exactly at the boiling point 
of pure metadichlorobenzene. 

About 200 grams of acetanilide is a convenient quantity to convert 
at a time, a larger amount being inconvenient to work with in an 
ordinary laboratory. By this method a yield of pure metadichloro- 
benzene amounting to over 50 per cent. of the weight of the acetanilide 
used is easily obtained. 


Chemical Laboratory, 
St. Bartholomew's Hospital, E.C. 


LVI.—Halogen Additive Products of Substituted 


Thiosinnamines. 
By Aveustus E. Dixon, M.D. 


Ix @ paper communicated some years ago to this Society (Trans., 
1892, 61, 545), I showed that dibromopropylthiocarbimide, 


CH,Br-CHBr:CH,’NCS8, 


when brought into contact with aniline, affords not dibromopropyl- 
thiocarbamide, but a saline compound of the formula 
C,H BrN,S,HBr ; 
the results of further investigation are embodied in a paper recently 
published (this vol., p. 17), in which it is shown that the thiocarbi- 
mide in question acts on ammonia and on primary or secondary bases, 
affording in each case the hydrobromide of a corresponding penthiazo- 
line, the interaction occurring probably in accordance with the genera, 
scheme 
CH,Br CH,S 
CHBr<¢H,NCS CH,N 
It has moreover been established in the latter communication that 
Maly’s “ thiosinnamine dibromide,” C,H,N,S-Br, (Zeit. f. Chem., 1867, 
42), obtained from bromine and allylthiourea, is identical with the 
product of the action of ammonia on dibromopropylthiocarbimide, 
and is accordingly the hydrobromide of a brominated penthiazoline. 
From the latter result, it appeared probable that the ~ame substituted 
penthiazolines as are obtained from the thiocarbimia. and organic 


+ NHR = CHBr< >C-NHR,HBr. 
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bases would be formed on treating the corresponding substituted allyl- 
thiocarbamides with bromine ; and some experiments in the direction 
indicated were therefore undertaken. 

Allylphenylthiocarbamide was first tried, the alcoholic solution 
being mixed with bromine (diluted with chloroform) in the proportions 
required by the equation 

NHPh CH,’S 

OS<NH-CH,-CH:CH, CHN 

Interaction at once took place, but not in the way expected; the 
mixture quickly became turbid,‘and on warming to expel the solvents, 
yellow masses of sulphur were deposited, and an oily basic liquid 
remained, from which, however, no penthiazoline could be extracted. 

Substituting allylorthotolylthiocarbamide, the result was somewhat 
better; no sulphur was produced, and on evaporation a sticky oil was 
left, ont of which solid matter gradually separated, apparently the 
wished for tolyl derivative in an impure condition, which was 
but little improved by repeated recrystallisation. As this orthotolyl 
compound had already proved difficult to isolate (loc. cit., 28), the 
product was set aside until an experiment could be made, using allyl- 
paratolylthiocarbamide, a substance likely, judging from previous 
work on the para-base, to afford a more satisfactory result. 

At this stage, however, the question of bromine addition was defi- 
nitely settled by the appearance in the last issue of the Society’s 
Journal of an abstract of a paper by Gadamer (Arch. Pharm., 1895, 
233, 646—684), this chemist having directly obtained the brominated 
additive compounds of methylallyl-, dimethylallyl-, and (?) trimethyl- 
allyl-thiocarbamides respectively, by mixing their alcoholic solutions 
with bromine also dissolved in alcohol. 

These substances appear to be regarded as merely additive com- 
pounds, but their recorded properties sufficiently resemble those of 
the pentbiazoline derivatives above mentioned to leave practically no 
doubt that they are members of the latter class. ‘ Methylallylthio- 
carbamide dibromide,” for example, C;H,N.S,Br,, forms, according 
to Gadamer, large white crystals, very soluble in water, and melting 
at 145—146°. On treatment with silver chloride, it yields a “ chloro- 
bromide,” readily soluble in water, which melts at 120—123°; more- 
over, it affords a picrate and an aurochloride (melting at 182° and 80° 
respectively), and a yellow platinochloride. 

To make certain, the compound was prepared by slowly adding 
bromine (1 mol.) in chloroform to methylallylthiocarbamide (1 mol.) 
dissolved in alcohol and cooled by a freezing mixture. Union took 
place with great energy, and, on concentration, the product was 
obtained as a white, crystalline solid, which, after recrystallisation 
from moderately strong alcohol, melted at 145—146°, gave with picric 


4+ 2Br = CHBr< 


>C:NHPh,HBr. 
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acid the yellow, crystalline picrate, and otherwise answered to the 
description of Gadamer’s compound. The yield of recrystallised 
material was about 76 per cent. of the theoretical. 

Some of the pure substance was dissolved in water, and the strongly 
acid solution mixed with excess of dilute caustic potash. A clear, 
almost colourless oil was at once deposited, but soon hardened; it was 
removed, well washed with water, and dissolved in hot, slightly 
diluted alcohol, from which, however, it separated as an oil, which 
did not solidify even when kept many days in a desiccator or under 
diminished pressure. The oil was nearly insoluble in water, slightly 
alkaline to test paper, had, especially when warm, a faint, rather 
unpleasant, basic odour, and was freely soluble in alcohol or acids. 
[t contained bromine and sulphur, though withholding the latter from 
both alkaline lead and ammoniacal silver salts even on boiling. On 
examining the alkaline solution from which the organic base had 
been precipitated,* it was found to contain, in addition to a little 
base (which gradually separated from it on standing) much potassium 
bromide. 

The oil was analysed for sulphur, with the following results. 


0°1932 gave 0'2145 BaSO,. S = 15°26. 
C;H,BrN,S requires S = 15°33, 


Consequently the aqueous “dibromide”’ under the influence of dilute 


alkali loses half its bromine as hydrogen bromide, leaving a basic 
residue, C;H,N,SBr, the latter being presumably ~-methyl-y-bromo- 
penthiazoline, and the former its hydrobromide, which had been 
produced in the manner represented by the equation 


OS onCnCE, + 2Br= CHBr< Gy). y>C'NH-CH,,HBr. 

The “chlorobromide” obtained from the “ dibromide” by acting 
on it with silver chloride, was doubtless the hydrochloride of the 
brominated base, that is, C;sH,N.SBr,HCl. In order to obtain it, the 
base was treated with hydrochloric acid, in which it readily dis- 
solved, and the solution concentrated on the water bath; the clear 
brown acid syrup which was left became tough on standing, but did 
not crystallise. 

The methyl derivative, like several of the penthiazolines already 
mentioned, gave, on treatment of the alcoholic solution with (neutral 
or ammoniacal) silver nitrate, an insoluble silver compound, very 
sensitive even to dim daylight; the yellowish-white precipitate 
retains its colour if kept in the dark, but rapidly changes on expo- 
sure to actinic light, through mauve and reddish, to deep purple. 


* 11°5 grams of “dibromide” afforded 7 grams of brominated base, equal to 
84°83 per cent. of the theoretical. 
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It remained to examine the action of dibromopropylthiocarbimide 
on methylamine. 

The above constituents, in molecular proportion, were dissolved 
separately in alcohol, and the solution mixed, when, after a few 
seconds, a very vigorous action commenced, a portion of the contents 
being projected out of the vessel; on concentrating the residue and 
allowing it to stand, solid matter separated ; this, when purified by 
recrystallisation and washing with alcohol, had the appearance and 
exhibited all the properties of the compound obtained by Gadamer 
from bromine and methylallylthiocarbamide, save that its melting 
point was not quite sharp (144—146°). 

Secondary bases, as I have shown (loc. cit.), for instance, methyl- 
aniline and piperidine, also unite with dibromopropylthiocarbimide, 
affording disubstituted penthiazolines 


CH,Brr'CHBr:CH.-NCS + NHMePh = 


CHBr< Gy n> C-NMePh, HBr, 


hence it may be safely concluded that Gadamer’s dimethylallylthio- 
carbamide dibromide, and the chlorobromide which it gives with 
silver chloride, are the hydrobromide and hydrochloride respectively 
of the brominated base, «-dimethy]-y-brompenthiazoline, 


CHBr< if N>CN (CHL). 

Mention is made in the abstract above referred to of a trimethyl- 
allylthiocarbamide (from allylthiocarbimide and trimethylamine, at 
150—160°) and its dibromide. If the former be really a thiocarb- 
amide, its synthesis has a special interest, as being the only one of 
its kind hitherto effected. Allylthiocarbimide and triethylphosphine 
unite (Hofmann, Ann., Suppl., 1, 47) to form a compound, C,,Ha»NPS 
= (?) (C,H;).P-CS-N(C,H;)(C;H;s); but the only nitrogenous bases 
which have so far been combined with the thiocarbiinides are those in 
which at least one typical hydrogen atom of the parent NH; is still 
retained. 


Chemical Department, 
Queen’s College, Cork. 
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LVII.—Acidic Thiocarbimides, Thioureas, and Ureas. 
By Avaustus E. Dixon, M.D. 


In communications recently made to this Society (Dixon and Doran, 
Trans., 1895, 565; Dixon, ibid., 1040), evidence has been adduced to 
show that the interaction between lead thiocyanate and the acid 
chlorides of the forms R’CO-Cl and R'(CO-Cl), constitutes a general 
method for the production of thiocarbimides of the acidic class. 
Thus, by heating valeryl and cinnamoyl chlorides, in dry benzene, 
with lead thiocyanate, the compounds C,H,-CO-NCS and 
C,H;CH:CH-CO:NCS 

were obtained in solution; and similarly from succinyl and phthalyl 
chlorides, the dithiocarbimides, C,H,(CO-NCS), and C,5H,(CO-NCS8),, 
respectively. 

Excepting that they are all more or less readily decomposed in 
presence of water 


R:CO-NCS + H,O = R:CO-OH + HSCN,* 


and cannot, consequently, be purified by steam distillation, the acidic 
thiocarbimides, so far obtained, resemble, in general, their congeners 
of the non-acidic class. They are extremely reactive, have a pungent 
and rather characteristic odour, and combine readily with alcohols, 
with phenylhydrazine, with ammonia,t and with (primary or second- 
ary) amines, yielding the corresponding thiocarbamates, semithio- 
carbazides, and thioureas. 

In connection with the last-named class of interaction, it may be 
noted that, whereas between non-acidic thiocarbimide and primary 
amine, the radicles may be exchanged without affecting the result— 
thus, for instance, ab-ethylphenylthiocarbamide occurs indifferently 
from the union of either ethylthiocarbimide with phenylamine, or of 
phenylthiocarbimide with ethylamine—on the other hand, in the case 
of acidic thiocarbimides, the radicles are not thus interchangeable. 
Acetylthiocarbimide readily unites (Miquel, loc. cit., 318) with 
phenylamine, affording ab-acetylpheny|thiocarbamide— 


MeCO:NCS + PhNH, = MeCO-NH-CS-NHPh, 
but the converse process— 
PhNCS + MeCO-NH, = PhNH-CS:NH-COMe, 


so far at least as my experiments have gone, cannot be directly 
realised. 


* Sometimes carbonyl sulphide is formed; for instance, PhCO-NCS + H,0 = 
PhCOO-NH, + COS (Miquel, Ann. Chim. Phys. [5], 11, 300). 
+ Not always, however, so as to afford a thiourea as the end-product. 
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The work referred to in the papers above mentioned, and in other 
previous communications, originated in an examination of Miquel’s 
“acetyl thiocyanate” (loc. cit.) ; this substance, however, in relation 
to bases, behaves generally as a thiocarbimide, and unless it, and its 
allies, be tautomeric, the true acidylthiocyanates apparently yet 
remain to be discovered. In the present communication, an account 
is given of an extension of the method in question to the preparation 
of certain thiocarbimides derived from acids which belong, either by 
structure or function, to the aliphatic class. 


I. PropronyitTHiocarsimipe, C,H;-CO-NCS, anp rrs Derivatives. 


Propionyl chloride, when added to excess of dry, very finely 
divided lead thiocyanate, acted vigorously, without the application of 
heat, and by distilling off on the oil bath heated to about 180°, a 
clear, highly refracting liquid came over of pungent and tear-exciting 
odour, colourless at first, but becoming brownish on keeping. 
This liquid was miscible in all proportions with alcohol and 
ether but insoluble in cold water, slowly decomposing in contact 
with it, or more rapidly on heating, with formation of thiocyanic 
acid. Its alcoholic solution, when mixed with ammoniacal silver 
nitrate or alkaline lead tartrate, was copiously desulphurised on 
warming, thus indicating the presence of a thiocarbimide. Analysis 
was considered unnecessary, in view of the well-marked derivatives 
which it afforded when treated in solution with nitrogenous bases. 
The yield by the above method was very unsatisfactory, but by 
operating as described in former papers, namely, heating the con- 
stituents together in anhydrous benzene until the solution was free 
from chlorine, filtering, and further diluting the filtrate to a known 
strength (1 gram-molecule per litre, assuming quantitative inter- 
action), a clear, pale yellowish, pungently smelling liquid was obtained, 
which subsequent experiment showed to contain at least 90 per cent. 
of the theoretical amount of propionylthiocarbimide. 

This solution, when shaken up with cold water, gave a faint thio- 
cyanic reaction, but, if boiled for a few seconds with it, afforded an 
intense blood-red coloration on the addition of ferric chloride. In 
the experiments next described, the benzene solution, prepared as 
above,* was employed. 


ab-Propionylphenylthiocarbamide, C,Hs;CO-N H-CS:NH-C,Hs. 


Heat was evolved on mixing the thiocarbimide with aniline, both 
in benzene solution, and on concentration at the ordinary temperature, 


* In one preparation, mercuric thiccyanate was used; it did not appear to 
possess any advantage over the lead salt, 


a, ud — 
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and vitreous crystals separated ; after being drained by aid of the 
pump, washed with spirit, and air-dried, the yield amounted to only 
about 66 per cent. of that obtainable according to the equation 


C,H;CO-NCS + C,H,;NH, = C,H;-CO-NH-CS-NH-C,H,, 


and reckoned on the amount of chloride used. By repeated recrys- 
tallisation from boiling spirit, brilliant, long, colourless prisms were 
obtained, melting constantly at 129—130° (corr.), without decom- 
position. 

A sulphur determination served to establish the identity of the 
compound, 

02018 gave 0°2295 BaSQ,. S = 15°63. 

CyoH,,N,SO requires S = 15°40 per cent. 

Propionylphenylthiocarbamide is very sparingly soluble in boiling 
water, crystallising from it in slender needles, almost insoluble in the 
cold; moderately soluble in hot alcohol, ether, and carbon bisulphide, 
easily in hot benzene, very freely in chloroform. It also dissolves 
readily in dilute caustic alkali; the latter solution, when mixed with 
alkaline lead tartrate, is desulphurised freely by warming. Silver 
nitrate, if added to a cold, dilute alcoholic solution, affords a 
yellowish precipitate, rapidly changing, through orange and brown, 
to black; with the ammouiacal nitrate, silver sulphide is instantly 
formed. 

Action of Caustic Alkaiit.—Cold, dilute caustic potash dissolves the 
thiocarbamide with decomposition; if dilute hydrochloric acid be 
now added to the clear solution, a white solid at once separates, 
which, after recrystallisation from dilute alcohol, forms white prisms, 
sparingly soluble in cold, moderately in hot, water, having an 
intensely bitter taste, melting at 153—154°, and consisting of phenyl- 
thiourea. 

EtCO-NH:CS:‘NHPh + KOH = Et-COOK + CSN,H;Ph. 
This decomposition (under the influence of cold, dilute caustic alkali) 
of symmetrical disubstituted thiocarbamides containing an acid 
radicle, into a salt of that acid and the corresponding monosub- 
stituted thiourea, appears to be generic. 

Action of Silver Nitrate—By desulphurising a moderately con- 
centrated, hot alcoholic solution of the thiocarbamide with a trifle 
over the calculated quantity of silver nitrate, filtering off the silver 
sulphide, and allowing the filtrate to evaporate slowly, a brownish 
solid was obtained, which, after several recrystallisations from spirit, 
yielded almost colourless, pearly flattened needles, melting, without 
decomposition, at 138—-139° (corr.), and consisting, as shown by the 
result of a nitrogen determination, of the expected propionylphenyl- 
urea, C,H,CO-NH°CO:NH:C,H;. 
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0°201 gave 25°6 c.c. moist nitrogen at 18° and 763°5 mm. N = 14°78. 
C,.H,.N,0, requires N = 14°62 per cent. 


The same compound was obtained by Kithn (Ber., 17, 2881) from 
phenylic isocyanate and propionamide; m. p. 137°. 


ab-Propionylorthotolylthiocarbamide, C,Hs;CO*-NH:CS:NH:’C,HyCHs. 


Molecular proportions of orthotoluidine and thiocarbimide were 
mixed in benzene; heat was evolved, and crystals quickly separated, 
which, after recrystallisation from alcohol, formed long, hair-like 
needles, melting between 143° and 144° (corr.). A sulphur determi- 
nation afforded the following result. 


02062 gave 0'2196 BaSO,. S = 1464. 
Cy HyN,SO requires S = 14°43 per cent. 


The substance is insoluble in water, moderately soluble in hot alco- 
hol, rather sparingly in cold, easily in warm, dilute caustic alkali ; 
the latter solution, on the addition of hydrochloric acid, yields a 
white precipitate, amorphous at first, but soon becoming crystalline ; 
when recrystallised from dilute alcohol, this forms colourless prisms, 
melting at 160—161° (corr.), and consisting of orthotolylthiourea 
[m. p. of CSN,H,0To, 160—161° (Trans., 1892, 525)]. With alkaline 
lead tartrate and neutral or ammoniacal silver salts, the propionyl 
compound behaves like the corresponding phenyl derivative. 


_ ab-Propionylmetatolylthiocarbamide, C,H;;CO*-NH-CS'NH-C,H,CHs. 


This is prepared from the thiocarbimide and metatoluidine; the 
very sticky, semi-solid product, after being drained on porous clay, 
was twice recrystallised from boiling alcohol, and thus obtained in 
beautiful, long, vitreous prisms, melting at 86—87° (uncorr.). 

A portion was analysed for sulphur. 


0°2012 gave 0'2125 BaSO,. S = 14°52. 
Cy, HyN.SO requires S = 14°48 per cent. 


The metatolyl compound is practically ingoluble in water, but dis- 
solves easily in dilute alkali; the solution, when mixed with a lead salt 
and heated, affording a speculum of galena. It is very freely soluble 
in hot alcohol, moderately in cold, and is desulphurised easily by 
neutral or ammoniacal silver nitrate. 


ab-Propionylparotolylthiocarbamide, C,H,CO-NH-CS:NH-C,H,’CH;. 


Prepared like its congeners, using paratoluidine; some reddish- 
yellow, oily bye-product was extracted by the aid of the pump, and 
the residue recrystallised from boiling spirit. .Thus purified, the 
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compound formed long white needles, almost insoluble in water, 
moderately soluble in hot alcohol, much less so in cold, and melting 
at 127°5—128°5° (corr.), without decomposition. 

Analysis gave the following result. 


02 gave 0°2114 BaSQ,.. S = 1453. 
C,,H,.N.SO requires S = 14°43 per cent. 


It dissolves freely in dilute caustic potash, and the solution is 
desulphurised readily, with formation of a speculum, on warming it 
with alkaline lead tartrate; the alcoholic solution, with neutral 
silver nitrate, affords at once, even in the cold, a precipitate of silver 
sulphide. 


n-Propionyl-v-methylphenylthiourea,* 
C,H,'CO-N:C(SH)-N(CH;) C,H. 


Methylaniline and the thiocarbimide spontaneously interacted with 
evolution of heat, and the solution, as it became concentrated, slowly 
deposited large, ice-like, crystalline masses. The product was broken 
up, a small quantity of brownish oil removed by the pump, the resi- 
due washed with light petroleum, dissolved in alcohol, in which it 

- appears to be indefinitely soluble, concentrated, and set aside. Large 
vitreous prisms gradually separated, softening at 67° and melting at 
68—69° (uncorr.). 

Analysis. 

0:2008 gave 0°2104 BaSO,. S = 14°40. 

C,,H,N.SO requires S = 14°43 per cent. 


It is slightly soluble in hot water; the solution gives with silver 
nitrate a white precipitate soluble in ammonia; the latter solution 
does not blacken on boiling. It is freely soluble in cold alcohol and 
benzene, very freely in chloroform, and rather sparingly in hot light 
petroleum, from which, on cooling, it separates as an oil. The alco- 
holic solution is neutral; if silver nitrate be added to it no precipi- 
tate falls, but the mixture becomes sharply acid. The sulphur is not 
removed by boiling with alkaline lead tartrate. 


n-Propionyl-v-phenylbenzylthiourea, 
C,H,-CO-N:C(SH):N(C,H;)-C HyC,Hs. 
Heat was evolved on mixing the constituents dissolved in benzene, 
and, as the latter evaporated, long prisms were slowly deposited, 


the yield amouuting to almost 90 per cent. of the theoretical. The 
product was dissolved in boiling spirit, and, on cooling, thick, vitreous 


* For nomenclature, see Trans., 1895, 67, 564. 
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prisms crystallised out, having a faint yellow tinge, and melting at. 
101—102° (corr.). 

On analysis, the following figures were obtained. 

02012 gave 0'158 BaSO, S = 10°79. 

C,,H,.N,SO requires S = 10°75 per cent. 

Propionylphenylbenzylthiourea melts when heated with water, in 
which, however, it is practically insoluble; it is freely soluble in 
boiling alcohol, much more sparingly in cold. It dissolves also in 
caustic potash, but this solution, when mixed with alkaline lead 
tartrate, is not desulphurised by boiling. The sulphur is very 
tenaciously held ; an alcoholic solution of the substance yields, with 
ammoniacal silver nitrate, a white precipitate, which dissolves on 
heating ; if now the temperature be further raised, a white precipi- 
tate again forms, which does not blacken, even at the boiling point. 


Propionylthiocarbimide and piperidine interacted with evolution of 
much heat and formation of thin pearly plates, free from odour, and 
melting at 92—93°. The solid product was very easily soluble in 
water and alcohol, sparingly in cold benzene; its solution was not 
desulphurised either by silver or by lead salts ; with ferric chloride, it . 
gave an intense reaction for thiocyanic acid, and when warmed with 
potash evolved an alkaline vapour smelling of piperidine. These 
properties are, in the main, inconsistent with those to be expected of 
propionylpiperidylthiourea, but indicate the presence of piperidine 
thiocyanate, C;sHiNH,HSCN. The latter view was confirmed by the 
result of a sulphur determination. 


0°2038 gave 0°3323 BaSO,. S = 22-41. 
C;H,;NH,HSCN requires S = 22°23 per cent. 
The action probably occurs as follows. 
EtCO-NCS + C;HiwNH + H,O = C,H NH,HSCN + EtCOOH, 


the crystalline product being identical in all respects with Gebhardt’s 
{Ber., 1884, 17, 3041) “ piperidylthiourea,” a compound which Hof- 
mann and Gabriel showed later (ibid., 1892, 25, 1588) to be, not a 
thiourea, but the isomeric thiocyanate. 


a-Propionyl-B-phenylthiosemicarbazide, 
C,H;CO-NH:-CS:‘NH:NH-C,H; [or C,H,;CO-NH-C(SH):N-NH-C,H;]. 


Much heat was evolved on mixing the thiocarbimide with phenyl- 
hydrazine, and the mixture became turbid from separation of oily 
droplets; after allowing the benzene to evaporate spontaneously, a 
brownish oil was left, which in about a fortnight had changed to a 
yellow, semi-solid mass. The latter was dissolved in warm benzene, 
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precipitated by adding light petroleum, the precipitate freed by 
means of the filter-pump from some oily matter, washed, and dis- 
solved in boiling alcohol. On cooling, tufts of very brilliant, white 
prisms were deposited; they shrank a little at about 150°, and melted 
at 155—156° (corr.), without decomposition. 

Analytical data. 


0:2007 gave 0'2127 BaSQ,. S = 14°57, 
C,oHi3;N;SO requires S = 14°36 per cent. 


The product is slightly soluble in water, moderately in boiling 
alcohol, rather sparing in cold, practically insoluble in light petro- 
leum, Its solution gives, with ferric chloride, no colour change, buta 
finely divided whitish precipitate forms, resembling sulphur in appear- 
ance; copper sulphate produces a pale blue, amorphous precipitate. 
It is not desulphurised by alkaline lead tartrate; neither is the 
yellowish precipitate, which it yields with ammoniacal nitrate of 
silver, blackened on boiiing for a short time, It is not decomposed 
by boiling with hydrochloric acid; it dissolves in (concentrated) 
sulphuric acid, and is vigorously attacked, with formation of a deep, 
orange-red liquid, on the addition of nitric acid. 

Considerable additions have been made in recent years to our 
knowledge of the thiosemicarbazides ; assuming them to be consti- 


tuted on the type Oboe on , We are now acquainted with such 
2 


derivatives as, eg., (1) NHPh'CS-NH:NH,, (2) NH,CS:-NHPh, 
(3) NHPh-CS-NH-NHPh, (4) NH,-CS:-NH-NPh,, 


(5) NHPh-CS:-NPh-NHPh, (6) NEtPh-CS-NH-NMePh, 


To facilitate the nomenclature of this class of substances, and of 
the corresponding thiocarbazides (together with the oxygen analogues 
of both), I venture to suggest the following convention: the two 
nitrogen attachments in the urea or thiocarbamide nucleus being, as 
usual, designated a and b respectively, the further nitrogen attach- 
ments may be similarly indicated by a and £, thus 

CS<yuinn,?  OS<yNinNHt 
(4) () (2) (8) 
In this way the compounds above formulated would be distinguished 
as (1) a-phenyl-, (2) A-phenyl-, (3) aB-diphenyl-, (4) B-diphenyl., 
(5) abf-triphenyl-, and (6) a-ethylphenyl-f-methylphenyl-thiosemi- 
carbazides. If certain of the sulphuretted compounds are to be 
regarded as derivatives of the type NH,,C(SH):N-NH,, the system of 
nomenclature proposed by me for thioureas (Note, p. 859) is equally 


applicable ; in this case the n-attachment is no longer available for 
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substituting groups, and hence does not require to be specified ; 
attachment at the end nitrogen atom (which latter is itself engaged 
at the ~-position) may conveniently be defined by N, as shown in the 
diagram. 


WY 
HNC Cy-wH, * 


7) (wy) 

Thus, for instance, pToNH-C(SH)‘N-NHPh and its isomer, 
NHPh-C(SH):N-NHpTo, would be named v-paratolyl-N-pheny|- 
and v-phenyl-N-paratolyl-thiosemicarbazides respectively, the pre- 
fixes syn- and anti- serving further, if required, to distinguish the 


two stereoisomeric modifications of each of these compounds (Mark- 
wald, Ber., 1892, 25, 3098; Dixon, Trans., 1892, 61, 1012). 


In addition to the experiments described above, propionylthiocarbi- 
mide, in benzene solution, was brought into contact with alcoholic 
ammonia, aldehyde-ammonia, and benzylic aleohol; in all cases 
interaction spontaneously occurred with evolution of heat, but the 
products were more or less unsatisfactory, and were not examined in 
detail. 


II. IsopuryryLtTHI0caRBIMIDE, (CH;),CH:CO-NCS, ano 17s 
DERIVATIVES. 


Mercurie and lead thiocyanates were both employed in preparing 
the benzene solution of the above thiocarbimide; the lead salt is 
preferable to the mercuric, on account of the prolonged boiling neces- 
sary for complete decomposition when the latter is used. The pro- 
duct was a clear, pale yellow liquid, smelling faintly of butyric acid, 
having the characteristic thiocarbimidie odour, and attacking the 
eyes, but to a much less extent than is the case with its lower 
homologues. 

When shaken up with water and treated with ferric chloride, little 
change is produced; if, however, the mixture be heated to boiling, 
the deep blood-red thiocyanic coloration at once appears. On the 
other hand, the solution, when warmed with alkaline lead, or’ 
ammoniacal silver salts, affords a copious precipitate of metallic 
sulphide. 


ab-Isobutyrylphenylthiocarbamide, C;H,,CO-NH-CS:NH-C,H,,. 


Obtained, with considerable evolution of heat, by mixing the thio- 
carbimide with alcoholic solution of aniline. On recrystallisation 
from spirit, the compound was deposited in large, colourless, vitreous 
prisms, free from odour, and melting at 128'5—129°5° (corr.), without 
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decomposition. The yield was only 50 per cent. of the theoretical. 
A sulphur determination was made with the following result. 


0°2019 gave 0°2172 BaSO,. S = 1477. 
C,,H,,N.SO requires S = 14°43 per cent. 


Isobutyrylphenylthiocarbamide is insoluble in water, easily soluble 
in boiling alcohol, moderately in cold, freely in chloroform, ether, and 
hot benzene, rather sparingly in boiling, light petroleum, from which, 
on cooling, it separates in short, extremely brilliant, seemingly 
rhombic prisms. It dissolves easily in warm, dilute, caustic potash ; 
this solution, with hydrochloric acid, gives a white precipitate con- 
sisting of phenylthiourea, and is desulphurised by heating with 
alkaline lead tartrate. The cold alcoholic solution is rapidly de- 
sulphurised by either neutral or ammoniacal silver nitrate. 

Action of Silver Nitrate.-—By desulphurising the hot alcoholic solu- 
tion with this reagent, the corresponding ab-isobutyrylphenylurea was 
obtained ; after several recrystallisations from spirit it formed slender 
needles melting at 139—140° (141—142° corr.). 

Analysis 

0°1992 gave 23°5 c.c. N at 16° and 756 mm, N = 13°67. 

C,,H,,N,O, requires N = 13°62, 

The urea is insoluble in water, very freely soluble in hot alcohol, 
and easily so in the cold ; the same compound was obtained by Pinner 
(Imidodther, 124) by boiling butenyldiphenyldiureide with acetic 
acid; m. p. 140°, 


ab-Isobutyrylorthotolylthiocarbamide, C;H;,CO-NH-CS:NH-C,H,C Hs. 


Prepared as before, using orthotoluidine; crystals were deposited 
on cooling, the yield of which, after draining and washing with 
spirit, amounted to about 90 per cent. of the theoretical. When 
recrystallised from alcohol, the substance formed short, pure white 
needles melting, without decomposition, at 136—137° (corr.). 

The following result was obtained on analysis. 


0203 gave 0°1976 BaSO,. S = 13°38. 
C,.HisN,SO requires S = 13°57 per cent. 


The compound is insoluble in water, easily soluble in hot alcohol, 
rather sparingly in cold, freely in ether and benzene, very freely in 
chloroform. Its solution in dilute caustic alkali gives a white pre- 
cipitate on the addition of hydrochloric acid; if mixed with alkaline 
lead tartrate and heated, a brilliant galena mirror is formed. With 
neutral and ammoniacal silver salts it behaves like the preceding 
thio-compound. 

ab-Isobutyrylorthotolylurea was produced by acting on the hot 
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alcoholic solution with the calculated amount of silver nitrate; 
after several recrystallisations from alcohol, in which it is very freely 
soluble at the boiling point, it was obtained in long, satiny, flexible 
needles insoluble in water, moderately solable in cold alcohol or hot 
light petroleum, easily in ether and benzene, very freely in chloro- 
form. Its melting point was 134—135° (corr.). 

A nitrogen determination afforded the following result. 


0°2054 gave 23 c.c. moist nitrogen at 16° and 757mm. N = 12°99. 
C,.H,.N,0, requires N = 12°76 per cent. 


ab-Isobutyrylparatolylthiocarbamide, C;H,,CO-NH-CS:NH-C,H,CH;. 


Obtained like the corresponding ortho-derivative; on concentra- 
tion, very large, ice-like prisms were formed, melting, after recrystal- 
lisation, at 134—135° (corr.), undecomposed. The yield was about 
75 per cent. of the theoretical. 

Analysis. 

0°2002 gave 0°2033 BaSO,. S = 13°96. 

C,.H,.N,SO requires S = 13°57 per cent. 


The paratolyl derivative is insoluble in water, easily soluble in hot 
alcohol, moderately in cold, crystallising therefrom in brilliant 
prisms; it is very freely soluble in chloroform, freely in benzene, 
moderately in boiling light petroleum. It dissolves readily in warm 
dilute caustic potash; this solution is desulphurised by heating with 
alkaline lead tartrate, yielding a brilliant speculum, and is pre- 
cipitated by hydrochloric acid. With ammoniacal or neutral silver 
nitrate, it is desulphurised in the cold, but not quite so readily as. 
the orthotolyl analogue. 

ab-Isobutyrylparatolylurea was easily obtained by treatment with 
the last-named salt; after three recrystallisations from spirit, the 
product still retained a faint salmon-pink colour, which was removed 
by treatment with animal charcoal. Iu this way pure white, silky 


needles were obtained, becoming electrical on friction and melting at 
138—139° (corr.). 
Analysis. 


0°2006 gave 22°1 c.c. at 13° and 755 mm. N = 12°93. 
C,,H,.N,0, requires N = 12°76 per cent. 


The substance is insoluble in water, and, like the phenyl and 
orthotolyl analogues, is conveniently obtained by precipitating the 
dark coloured filtrate from the silver sulphide with excess of water. 


It is very freely soluble in hot alcohol, easily in cold, moderately in 
cold benzene. 


~ ta an — 
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ab-Isobutyrylalphanaphthylthiocarbamide, C;H;;CO-NH-CS:NH:-C,.H;. 


Little heat was evolved on mixing the constituents, but solid 
matter soon began to deposit; when this was complete, the yield was 
found to be over 90 per cent. of that theoretically obtainable. Re- 
crystallisation from boiling spirit afforded a lustrous, almost pure 
white mass of fine needles, odourless, and melting, without decom- 
position, at 167°5—168°5° (corr.). 

Analytical data. 

02011 gave 0°1752 BaSO,. S = 11°97. 

C,;H,.N,SO requires S = 11°77 per cent. 

The compound is insoluble in water, moderately soluble in boiling 
alcohol, rather sparingly in cold ; the latter solution is desulphurised 
at once by ammoniacal, and gradually by neutral, silver nitrate. It 
is very freely soluble in chloroform, easily in hot benzene, moderately 
in cold; the benzene solution is precipitated by light petroleum. 
Warm dilute caustic alkali dissolves the substance to a moderate 
extent, the solution behaving with hydrochloric acid or with alkaline 
lead tartrate in a manner similar to that of the corresponding phenyl 
derivative. 


III. PHENACETYLTHIOCARBIMIDE, C,H,-CH,*CO-NCS, anp irs 
DERIVATIVES. 


Phenylacetic acid dissolved in dry chloroform was mixed with 
phosphorus pentachloride, the hydrogen chloride driven off on the 
water bath, and the residue distilled, most of the chloride coming 
over at 92° under a pressure of 11 mm. It was then mixed with dry 
benzene and lead thiocyanate, the latter in somewhat greater provor- 
tion than that required by the equation 

2CH.Ph-COCI] + Pb(SCN), = PbCl, + 2CH,Ph:CO-NCS, 
the mixture boiled until the solution was free from chlorine (which 
occupied about 10 minutes), and then filtered, well washed, and 
diluted with more benzene to 1 gram mol. per litre, assuming quanti- 
tative interaction. 

The solution thus obtained had a pale yellowish colour, a distinct, 
but not very strong acid thiocarbimidic odour, and attacked the eyes 
only slightly. In contact with water, it decomposed gradually in the 
cold, or rapidly on warming, with production of thiocyanic acid, 

CH.Ph:CO-NCS + H,0 = HSCN + CH,Ph:COOH; 
but gave the ordinary thiocarbimidic reaction (desulphurisation) with 
alkaline lead or ammoniacal silver solutions—in both cases on warm- 
ing. This benzene solution was employed in preparing the following 


derivatives. 
38m 2 
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ab- Phenacetylphenylthiocarbamide, CsH;;CH,;CO-NH:CS:NH°C,Hs. 

Molecular proportions of aniline in alcohol and the thiocarbimide 
in benzene were mixed; there was considerable disengagement of 
heat, and a brownish, clear liquid resulted, from which, on concentra- 
tion, solid matter was deposited ; after washing with spirit, the latter 
formed a nearly white, crystalline powder, amounting to about 80 per 
cent. of that theoretically obtainable, according to the equation 

CH,Ph:CO-NCS + NH,Ph = CH,Ph'CO-NH:CS:NHPh, 
and reckoned as before on the amount of chloride employed. The 
solid was twice recrystallised from spirit, and thereby obtained in 
tufts of lustrous white prisms melting at 109—110° (corr.). A 
sulphur determination afforded the following result. 

0°2026 gave 0°1718 BaSOQ,. S = 11°65. 

C,;;sH,,N2SO requires S = 11°86 per cent, 

Phenacetylphenylthiocarbamide melts when boiled with water, in 
which, however, it is practically insoluble; the fused substance floats 
as an oil, which, on cooling, solidifies to a radiating, crystalline cake. 
It is freely soluble in ether and in boiling alcohol, but only sparingly 
in cold; very freely in chloroform and benzene. The solution in 
weak spirit gives no colour reaction with ferric chloride; it is de- 
sulphurised easily by boiling with alkaline lead tartrate, and is 
blackened instantly in the cold by ammoniacal silver nitrate. 

Action of Silver Nitrate-—A quantity of the pure thiocarbamide 
dissolved in a considerable volume of beiling spirit was mixed with a 
little more than the calculated amount of silver nitrate in weak 
alcohol, Silver sulphide was immediately precipitated, and, after a 
few minutes’ boiling, was filtered off; the brownish filtrate at once 
began to deposit crystals and shortly became solid. By recrystallisa- 
tion, the wrea was obtained in long, thin, white needles, which become 
electrical on friction, and melt at 168—169° (corr.). 

A nitrogen determination yielded the following data. 

0°2009 gave 19°8 c.c. at 17° and 752 mm. N = 11°30. 

C,sH,N.O0, requires N = 11:05 per cent. 


The substance is insoluble in water; it dissolves, but not very freely, 
in boiling alcohol, from which, on cooling, it separates almost com- 
pletely ; it is rather sparingly soluble in ether, easily in hot benzene, 
very freely in chloroform. Prepared as above, the yield was about 
three-fourths of the theoretical. 


ab-Phenacetylorthotolylthiocarbamide, 
C.H,-CH,-CO-NH°CS:NH-C,H,CH;. 
A practically quantitative yield of this substance was obtained, 
with marked evolution of heat, on mixing the thiocarbimide and ortho- 
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toluidine, in benzene and spirit respectively. When recrystallised 
from boiling alcohol, it occurred in beautiful, vitreous prisms, devoid 
of colour, and melting at 149—150° (corr.). It was dried over 
sulphuric acid and analysed. 


02186 gave 0°1834 BaSO, S = 11°53. 
C\sHisN,SO requires S = 11°28 per cent. 


This thiocarbamide is insoluble in water, rather sparingly soluble 
in boiling alcohol, very sparingly in cold. Silver salts when added 
to its alcoholic solution, at once precipitate silver sulphide; with 
alkaline lead tartrate desulphurisation occurs moderately easily on 
boiling; if the latter process be carried out in potash instead of 
alcoholic solution, the tube becomes plated with a brilliant speculum of 
galena. 

Action of Silver Nitrate——By acting with silver nitrate in boiling 
alcoholic solution, as described above, the filtrate, on cooling, de- 
posited 76 per cent. of the theoretical yield of phenacetylorthotolylurea. 
When recrystallised from alcohol, it formed tangled wisps of silky, 
flexible needles melting at 161°5—162° (corr.). 


0°201 gave 18°4 c.c. of moist nitrogen at 15° and 755 mm. N=10°64. 
C,sH,.N,O, requires N = 10°47 per cent. 


The compound is insoluble in water, rather sparingly soluble in 
boiling alcohol, and very sparingly in cold. Like all its congeners 
of the phenacetyl class hitherto obtained, it separates from alcohol 
in a very bulky condition, a quite insignificant quantity when dis- 
solved in the hot liquid, causing the whole mass on cooling to 


solidify. 


ab-Phenacetylparatolylthiocarbamide, 
C.Hs‘CH,,CO-NH-CS:NH-C,H,’CHs. 


Heat was evolved from the constituents when mixed, and on 
cooling and stirring the clear brownish solution, fine, vitreous 
crystals presently began to separate; they were drained, well washed, 
recrystallised from boiling alcohol, and thus obtained in brilliant, 
rhombic plates, which, when seen in mass, had a very faint yellow 
tinge, and melted at 150—151° (corr.). 

The formula was checked by analysis. 


01985 gave 0°1590 BaSO,. S = 11°01. 
CyHisN.SO requires S = 11°28 per cent. 


The compound is slowly and rather sparingly soluble in boiling 
alcohol or benzene, insoluble in water; with lead and ammoniacal 
silver salts, it behaves like the corresponding ortho-derivative. 

Action of Silver Nitrate.-—By treating the boiling alcoholic solution, 
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which should be dilute, with the above reagent, ab-phenacetylpara- 
tolylurea was obtained. When recrystallised from alcohol, in which 
it is rather sparingly soluble even at the boiling point, it formed long, 
hair-like, flexible, white needles, insoluble in water, nearly so in cold 
spirit, and melting at 189—189-5° (corr.). 

Analytical data :— 

0°2024 gave 18°4 c.c. at 12° and 759 mm. N = 10°78, 

C\sH,sN,0, requires N = 10°47 per cent. 


n-Phenacetyl-v-phenylbenzylthiourea, 
C,H;s‘CH,CO-N:C(SH)-N(C,.H;)-C H2C.Hs. 

Prepared as before, using alcoholic benzylaniline; .the resultant 
clear, pale brown liquid after two days’ standing showed no sign of 
crystallisation, but, on pouring out from the containing flask into a 
dish, it at once solidified to a mass of fine needles; the yield was 
almost quantitative. By recrystallisation from hot benzene, micro- 
scopic prisms were obtained, possessing, when seen in mass, a faint 
lemon-yellow tinge, and melting at 127°5—128°5° (corr.) with de- 
composition. 


0°2014 gave 0°1348 BaSO,. S = 9°20. 
C2H»N,SO requires S = 8°90. 

The compound is insoluble in water, rather sparingly soluble in 
ether or boiling alcohol, much less so in cold, easily in hot benzene or 
acetone, very freely in chloroform. Its alcoholic solution is almost 
neutral; if mixed with silver nitrate, a creamy-white precipitate 
forms, and the liquid becomes sharply acid; this precipitate (or that 
produced by the addition of ammoniacal silver nitrate) is not blackened 
by boiling, neither is the thiourea desulphurised by boiling with 
alkaline lead tartrate. 


Phenacetylthiocarbimide and Ammonia. 


The former, in benzene, was mixed with a considerable excess of 
alcoholic ammonia; much heat was evolved, and, on cooling, large, 
ice-like, colourless plates were deposited. They were free from 
sulphur, moderately easily soluble in hot water, sparingly in cold, 
more freely in alcohol, and melted at 156—157°. The warm solution 
readily dissolved freshly precipitated yellow oxide of mercury, and 
on cooling a white solid was deposited, melting at 207'5—208°5°,. 
Consequently, the product was not the expected phenacetylthiourea, 
but phenylacetamide,* formed, probably, in the following manner 


CH,Ph:CO-NCS + 2NH; = CH,Ph:'CO-NH, + CSN,H,. 


* CH,Ph-CO-NH; melts at 158°; its HgO compound (Reimer, Ber., 1880, 18, 
741) at 208°, 
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This action is by no means exceptional; thus Miquel (Bull., 25, 
104), by passing dry ammonia into an ethereal solution of acetyl- 
thiocarbimide, obtained, instead of acetylthiourea, an oil (which he 
thought might possibly be acetamide thiocyanate); moreover, suc- 
cinyldithiocarbimide, when treated with alcoholic ammonia, yielded 
(Trans., 1895, 67, 573) succinamide; and propionylthiocarbimide 
(ante), under similar conditions, gave a brownish oil, from which no 
thiourea could be isolated. 

Other Acidic Thiocarbimides.—Several attempts were made to 
obtain from picryl chloride the corresponding picrylthiocarbimide, 
CsH,(NO,.);NCS. Both lead and mercuric thiocyanates were em- 
ployed, and as solvents, benzene, toluene, or cumene; but, under no 
circumstances, was there any indication of the desired union. 

Experiments with the chlorides of phenylsulphonic and ethylsulpb- 
uric avids are now in progress, the results of which, if successful, 
will be communicated later on. 

In conclusion, I wish to express my thanks to Mr. R. E. Doran for 
the help which he has given with a portion of the work above 
recorded. 


Chemical Department, 
Queen’s College, Cork. 


LVIII.—Carbon Dioxide. 


Its Volumetric Determina- 
tion. 

By Wittiam H. Symons, D.P.H. (Oxon), and F. R. SterHens. 
CarBON dioxide appears to have been first recognised as a regular 
constituent of the atmosphere by MacBride in 1764 (Eaperimental 
Essays), and he estimated the amount gravimetrically after drawing a 
measured volume of air over caustic alkali, a process which, with 
some modifications, still remains the standard. It was not, however, 
until Pettenkofer described his well known volumetric process for its 
estimation before this Society, in 1857, that its measurement as an 
index of the respiratory impurity of enclosed spaces became prac- 
tically available. Since then many chemists have been attracted by 
the subject, and, in looking over the Chemical Society’s Journal, we 
tind over 120 papers or abstracts of papers bearing on this subject; 
and among the contributors are many illustrious chemists. As a 
rale, some modification of Pettenkofer’s process has been used for 
estimating the carbon dioxide in the air of rooms, and the older 
gravimetric method for the air of open spaces; but, among special 
processes, the following may be mentioned. Wanklyn suggested a 
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“nephalometric method,’”’ imitating a cloud of barium carbonate ; 
Dupré and Hake used a similar process, but with oxyacetate of lead ; 
Winter Blythe absorbs by sodium hydroxide, and then estimates by 
Schrotter’s carbon dioxide apparatus; Angus Smith used manganate 
of sodium, and observed the change to permanganate. He also 
suggested as a household test his minimetric method, which depends 
on the formation of a cloud in a given volume of lime water. It is, 
however, very difficult to exclude all adventitious carbonates, and 
this considerably detracts from the value of any test in which the 
absence of carbonates in the reagents is assumed. Kapussten (J. 
Chem. Soc. Abstr., 1880, 420) used alcoholic soda solution, and noted 
the amount of water required to dissolve the carbonate. 

In 1884, Blockman (Ber., 1884, 17, 1017, 1019) suggested phenol- 
phthalein as an indicator, lime water as an alkali, and a 500 c.c. 
flask in place of the larger vessel of Pettenkofer. He showed that 
the test could be made either by adding the solution to a measured 
quantity of air until decolorised, or by using a fixed quantity of 
alkaline solution, re-filling the flasks with air, and agitating as often 
as necessary to decolorise the indicator; he found the latter method 
the better. Rosolic acid was suggested as an indicator by Petten- 
kofer in 1876. Ballo (Ber., 1884, 17, 1097, 1101) stated that lime 
water was sluggish in its action, and he recommended a mixture 
of potassium hydroxide and barium chloride, and at least three 
minutes’ shaking. Since then, Lunge and Zeckendorf have intro- 
duced a method which is in principle identical with Blockman’s, 
but they use a small vessel (110 c.c.), the air being drawn in by 
an indiarubber hand pump, supposed to remove 70 c.c. of air from 
the vessel after each compression; and a N/500 Na,CO; solution 
with phenolphthalein. Wolpert has patented a still smaller appa- 
ratus on nearly the same principle, and works on quantities of air 
varying from 10 to 50 c.c. It is obvious that such methods must be 
open to great error, and that the results obtained by their means 
have very little scientific value; but we are of opinion that Wolpert’s 
form of apparatus is useful for making rough estimations. 

To return to Pettenkofer, it is unfortunate that most of our text 
books describe as his a process which lacks many of the safeguards 
which he adopted ; for example, in his later process he added a small 
quantity of bariam chloride to the barium hydroxide to counteract 
the influence of small quantities of alkalis which might be present ; 
he also used a vessel closed by caoutchoue and titrated direct through 
asmall tube, letting down turmeric paper from time to time by means 
of a wire through another tube; whereas most of the text books 
direct the titration to be done in an open vessel, with part of the 
contents, either before or after filtration, and do not mention the 
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need of precautions against contamination from the operator, who is 
all the time giving out a stream of air containing at least 4 per cent. 
of carbon dioxide. Pettenkofer used a dry bottle, and drove the air 
into it by means of a pair of bellows, the bellows being furnished 
with a bent tube, which was pointed in the direction from which it 
was desired to sample the air; but as the length of the tube was not, 
from his illustration, apparently more than 6 inches, a turn in one 
direction or another could not have much influence. 

Angus Smith suggested that the air should be drawn from 
the bottle by means of bellows, this is undoubtedly an improve- 
ment; but in either case, it is a matter of considerable labour to 
insure a complete exchange of air. Lebedingebb (J. Chem. Soc. 
Abstr., 1891, 290) found it necessary to aspirate 200 litres through a 
bottle holding 7—12 litres, whereas Dr. Gill, of the Laboratory of 
Sanitary Chemistry and Gas Analysis, Mass. Inst., U.S.A., considers 
it sufficient to fill the bottle four times by 15 strokes of his bellows. 
Dr. Louis Parkes, in his Manual of Hygiene, second edition, p. 260, 
recommends a glass stoppered vessel of 2 litres capacity to be filled 
with mercury and emptied in the place, the air of which is to be 
examined; but 27 kilograms of mercury is certainly an inconvenient 
quantity to deal with, and he mentions the alternative method of 
forcing air in by means of bellows. Dr. Notter, who contributes the 
article on air in Stevenson and Murphy’s standard work on hygiene, 
says: ‘ Perhaps the best plan is to fill a jar with clean water and 
empty it in that part of the air space it is desired to examine, taking 
care to allow it to drain.” The capacity of the vessel is to be about 
1 gallon; obviously no amount of draining will remove all the water, 
yet no allowance is made for this in the subsequent titration of half 
the volume of alkali used for absorption; the outflowing water, par- 
ticularly the portion which slowly drains out, will absorb some 
carbon dioxide; and tap water, which presumably is used, always 
contains that gas. It is only fair to add, that he concludes his 
remarks with the following sentence: “‘ Although the method for 
determining carbon dioxide in air does not give quite accurate 
results, this is the most convenient for ordinary use, and sufficiently 
accurate for all practical purposes.” A process conducted in this 
way would be open to an error of about 10 per cent., and if such 
inaccuracy as that will satisfy, we should prefer to use some such 
apparatus as that suggested by Lunge and Zeckendorf, or Wolpert, 
rather than one which needs a cab or other vehicle for its trans- 
mission. But recent legal proceedings have shown that the estima- 
tion of carbon dioxide in air may have an important bearing as 
evidence of over crowding, and we have taken the liberty of quoting 
from some of the most prominent text books on hygiene, in order 
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to show the necessity for a simple accurate process such as we 
propose. 

We use for the collection of the samples of air flasks containing 
only water vapour, and varying in capacity from 0°5 to 3 litres, 
according to the nature of the air. Vacuous flasks have been used 
by others, and their advantages are obvious; they will remain 
‘vacuous for months with good rubber tube and efficient clamps or 
‘stoppers ; they may therefore be kept ready for use, and are extremely 
portable ; a couple of litre flasks may be easily carried in the coat 
pockets, and a 3-litre flask concealed under the cape of a mackintosh or 
great coat. The samples of air may be taken quite unobserved ; we 
have taken them in a police-court while sitting in the barristers’ 
enclosure, within a few feet of the magistrate. The position from 
which the air is taken may be selected exactly, while the time occu- 
pied in taking the sample is only a few seconds. 

We have tried various kinds of pumps for exhausting flasks, and 
have found it much simpler and quicker to fill the vessel with steam 
under pressure, and then, after closing, allow the steam to condense ; 
the small quantity of water thus introduced does not interfere with 
subsequent operations. A common steam steriliser makes a good 
boiler, and is now found in most laboratories. Distilled water should 
be used, as tap water gives up its “ loosely combined carbon dioxide”’ 
very slowly. The flask we use is drawn out to a neck some % inch 
internal diameter, but it is obvious that any round-bottom flask, fur- 
nished with a caoutchouc stopper perforated by a glass tube, would 
answer the same purpose, and in our earlier experiments such a flask 
was used. The neck is continued outwards by a short caoutchouc 
tube in such a manner that it can be controlled by a strong screw 
clamp or plugged by a stopper. To remove the air, the inverted flask 
is placed vertically over a }-inch copper tube, connected with the 
boiler, and sufficiently long to reach nearly up to the bottom of the 
flask. The steam, at about 20 lbs. pressure, is sent through, and the 
flask kept in position for about two minutes, until no more steam is 
seen to condense on its surface, when it will be quite free from air if 
the steam was so; it is then lifted off, and the tube at the same time 
closed with the fingers, protected if necessary by means of a glove. 
Working sometimes at 80 lbs. steam pressure, we have been able 
to do this without injury to the fingers. The rubber tube is then 
permanently closed and the flask allowed to cool. If desired, the tube 
can be again secured by the fingers above the water which has col- 
lected, and the water removed without allowing any air to enter, but 
we have not found this necessary. The flask is now ready to take a 
sample of air, its capacity having previously been ascertained ; an 
allowance of 1 c.c. for each litre, is made for condensed moisture. 


ITS VOLUMETRIC DETERMINATION. 873 


In preparing flasks for collecting micro-organisms, the process is 
slightly modified. They are wrapped in flannel and steamed in the 
usual way; then, when no more condensed water is blown out, the 
flask is removed, the nutrient medium introduced as quickly as 
possible, and the steaming continued for a minute with the neck of the 
flask uppermost and the steam pipe directed downwards to the bottom, 
the caoutchouc tube being closed as the steam pipe is withdrawn. 
We have found it convenient to use 10 c.c. of a 15 per cent. gelatin 
medium for each litre of capacity. The nutrient medium boils, is 
completely sterilised, and readily distributed over the inner surface 
of the flask as it cools, If not used in a few hours, it may be neces- 
sary to just liquefy the gelatin and redistribute immediately before or 
after collecting the sample of air. 

When a sample of air is to be taken, thick-walled rubber tubing, 
a metre in length, may be connected with the rubber tube of the flask, 
and, at the time of opening, the free extremity of the smaller tube 
held in that place from which it is desired to collect the sample. 
We generally collect the sample at 1 or 2 metres from the floor, at 
all events well away from the line of breath of any occupant of the 
room; the tube is opened, and after a few seconds the narrow rubber 
removed and the larger tube secured. It is not necessary at this 
stage to note the pressure or temperature of the air. The flask is 
taken at leisure to the laboratory and the requisite quantity of alkali 
added, a small measured quantity of purified water being used to 
wash the last trace of alkali into the flask. The alkali may be 
delivered from a pipette or burette, but in any case the orifice of 
the measure must be in air-tight communication with the flask 
before the tube is opened; a small rubber plug secures this. Any 
ordinary pipette may be used to deliver the alkali, provided proper 
precautions are taken to prevent the entrance of carbon dioxide, the 
chief source of which is the operator. We find the following method 
answers well. A large size Fresenius tower is used to free the air 
from the carbon dioxide it contains; in the base below the aperture 
there is a small quantity of a solution of potassium hydroxide, and 
above the constriction it is filled with sticks of the same material, 
its lower aperture being connected with a blowball for forcing air 
in, and its upper with a four-cross tube, by which connection is 
made with the two aspirators and the pipette, as shown in the 
illustration, Fig. 1; one of the aspirators contains the alkali, the other 
pure water; from the lower orifice of each aspirator hangs a Jong 
rubber tube, closed at the end with a glass plug and having a 
clamp above. The pipette hangs from the cross-piece, and when 
not in use is closed with a rubber cap; when required for use, the 
rubber cap is removed, and a current of air is sent through the 
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pipette by pressing the blowball ; it is then connected with the alkali 
tube, and a charge is allowed to flow in by gravitation; after this 
first charge has been run out, the pipette is filled a second time 
exactly to the fiducial mark, and the charge transferred to the flask, 
being blown in by pressure on the ball if necessary, but no air must 
be allowed to enter. In a similar manner, a charge of water is 
allowed to enter the flask, the tube of which is now closed. 


When a large number of estimations have to be made, we prefer to 
use, for measuring the alkali, a special apparatus which we call a com- 
pound pipette, Fig. 2. It consists of a series of bulbs 5, 10, 10, 25 c.c. 
in capacity connected together by narrow tubes graduated in 0°01 c.c. 
divisions, it is furnished below with two glass taps after the manner 
of a burette; above, it terminates in a tube bent twice upon itself 
and furnished with bulbs; the lower bend of this tube contains the 
same liquid as the pipette, and serves as a final wash for the air 
entering the pipette through the side tube. We use this instrument 
to deliver, and do not wash it out, but deliver 10 c.c. of water, to 
wash in the alkali, from an ordinary burette protected against carbon 
dioxide. From our compound pipette 5, 10, 15, 20, 25, 35, 45, or 
50 c.c. can be measured in one quantity with an error of about 
0°02 c.c. 

The flask charged with alkali is thoroughly shaken for about 
10 minutes, without bringing the liquid in contact with the rubber 
tube, After which, if the alkali is in excess, the whole of the carbon 
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dioxide will be removed from the air; we have convinced ourselves 
of this by numerous experiments, which are detailed below. The 
flask is now set aside to acquire the temperature of the laboratory, 
or plunged into water of known temperature, and the pressure of 
its contents is made to correspond with that of the laboratory, 
by allowing a measured quantity of purified air to enter from 
or escape into a nitrometer or other suitable measure. The flask is 
not handled during this process of equalization but is supported in 
a wooden case containing a thermometer; the temperature should 
correspond with the temperature of the laboratory ; the barometric 
pressure is also observed. The volume of air taken for analysis will then 
be the volume of the flask minus condensed water, alkali, wash water 
and air required to equalise, corrected for tension of aqueous vapour, 
and the temperature and pressure of the laboratory, plus the volume 
of carbon dioxide subsequently found, The flask is now disconnected 
from the nitrometer, and carried toa burette containing the acid, 
the rubber tube is then removed and the orifice of the flask closed 
by the index finger during the intervals of admission of acid—a few 
drops of alcoholic solution of phenolphthalein is added and the 
titration by acid carried out. We have made numerous experiments 
as to the best acid, indicator, and alkali to use; and after having 
worked with carbonic, acetic, lactic, citric, tartaric, oxalic, hydrochloric, 
and sulphuric acids, we prefer acetic acid. The acids have been 
used in alcoholic as well as aqueous solution. Alcohol certainly has 
advantages as a medium; the drops are much smaller; barium 
carbonate is less soluble in it than in water and the reaction with 
phenolphthalein is sharper; especially is this the case with those 
acids which form insoluble salts with barium, for the coloured phenol- 
phthalein salt is carried down with the precipitate and is not then so 
easily acted on by acids, For the same reason, the phenolphthalein 
should be added after the precipitation of the barium carbonate. 
The objection to the use of alcohol as a solvent for the acid, is the 
necessity for frequent re-standardisation, as etherification is con- 
stantly taking place, whereas an aqueous solution of acetic acid will 
remain constant for weeks. We have sometimes added 20 c.c. of 
alcohol containing the phenolphthalein before titration, using the 
same quantity of alcohol when titrating the acid, so as to correct for 
the carbon dioxide it invariably contains. 

The indicators experimented with were phenolphthalein, coral- 
lin and its homologue rosolic acid, cochineal, litmus, lacmoid, and 
logwood. In our opinion phenolphthalein gives the sharpest end 
reaction. 

The alkalis we have tried are barium hydroxide, sodium hydroxide 
in the presence of barium chloride, calcium hydroxide, sodium 
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hydroxide in presence of calcium chloride, ammonia in the presence 
of calcium chloride, and sodium carbonate. For the rapidity of its: 
action and for the ease with which it can be prepared, we prefer to. 
use a mixture of sodium hydroxide and barium chloride, of such a 
strength that it shall correspond exactly to decinormal acid, and con-. 
tain in each litre about 122 grams of crystallised barium chloride, 
BaCl,,2H,0. This mixture can be readily prepared by adding 220 c.c. 
normal sodium hydroxide to 1 litre of dinormal barium chloride, 
and diluting with recently boiled distilled water until, after thoroughly 
mixing, 50 c.c. of the clear supernatant liquid is exactly neutralised 
by 50 c.c. of decinormal hydrochloric acid, using phenolphthalein 
as an indicator. This alkaline solution is saturated with barium 
carbonate, as the sodium hydroxide always contains traces of 
carbonate. Further access of carbon dioxide is prevented in the 
usual way, and in order to obviate change by evaporation and con- 
densation of moisture, the solution is covered by a layer of well- 
washed petroleum oil. 

We find acetic acid the best acid to use, and we make it of such a 
strength that 20 c.c. of the alkali, coloured with phenolphthalein, 
reqaires 44°6 c.c. of acid to decolorise it. Theacidis then equivalent 
to half its volume of carbon dioxide at normal temperature ‘and 
pressure. We formerly used vacuous flasks in titrating, but now 
use vessels which, have been rinsed out with pure water, and have 
had a current of purified air passed through them. We do not pro- 
tect the acetic acid against carbon dioxide, as this gas acts precisely 
as acetic acid does, and is of course included in the titration, which 
as a matter of routine we do at the commencement and conclusion of 
each set of titrations, although we find the variation in most cases 
negligable. Weare careful to make all our experiments in a room 
kept for the purpose well away from the general laboratory, as the 
number of aérated waters examined there have a disturbing in- 
fluence. 

In checking the various methods of estimating carbon dioxide, we 
have not been content to make a series of experiments to compare 
among themselves, the method, as far as we have been able to ascer- 
tain, hitherto invariably employed by experimenters in this country ; 
but we have worked with carefully measured volumes of carbon 
dioxide of known purity, diluted with purified air. 

We have contrived a special piece of apparatus, Fig. 3, by which we 
can measure any volume of carbon dioxide from 1 to 50 c.c. with an 
error of about 0°01 c.c. This apparatus is a modification of our com 
pound pipette, and consists of a series of 1, 2, 2, 5, and 10 c.c. capacity 
connected by narrow tubes graduated in 0:01 c.c. The smallest bulb is 
uppermost, and is surmounted by a three-way tap after the manner 
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of a nitrometer; the larger bulb is continued downwards as a straight 
tube which is graduated for 10 divisions in 0°01 c.c.; below this. 
graduation two tubes of about the same bore 

as the narrow part of the pipette are joined on Fie. 3. 

either side and carried upwards close to and 
parallel with the pipette; they are open above, 
and serve to show the Jevel of mercury in the 
reservoir ; by looking across them parallax is 
avoided. These narrow tubes, with the pipette 
and a thermometer, are enclosed in a water 
jacket. The pipette communicates externally 
with a reservoir of mercury, which may be 
adjusted to any height, to expel or admit gas. 
The volume is always brought exactly to one 
of the graduations, the difference in level 
observed, and the true volume calculated by 
Graham’s Law. When it is necessary to read 
at a lower pressure than the normal, the two 
levelling tubes must be filled with mercury 
and closed by caps, and the reading made 
directly from the reservoir. 

Where possible, the flasks should be weighed 
before and after taking the sample. The fol- 
lowing experiments will show to what extent 
flasks can be rendered vacuous by steam. All weighings were done 
in air, using brass weights and a closed counterpoise of approximately 
similar size to the flask. 

The barometric pressure was 770 mm. and the temperature of the 
balance room 11°. The high-pressure steam was obtained from a 
large Galloway’s boiler; the pressure was therefore fairly constant, 
but the steam probably contained traces of air and carbon dioxide as 
the boiler was continuously fed. The low-pressure steam was ob- 
tained from a sterilizer in which distilled water was boiling. As it 
contained only about a gallon of water the pressure varied a good 
deal while blowing off, it is therefore only approximately stated. 


Flask E. Capacity 3119 c.c. 62 lb. steam. 15 Ib. steam. 
Weight after opening to admit air .. 705°47 705°32 
Weight before opening to admit air... 701°52 701°52 


Weight of moist air admitted ; 3°80 
Condensed water.....0.. ssccccsese 3°47 _ 
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Flask F. Capacity 3154 c.c. 62 lb, steam. 15 lb. steam. 
Weight after opening to air 640°35 
Weight before opening to air ; 636°45 


Weight of air admitted A 3°9 
Condensed water.......sccccccees ‘ . -- 


Flask G. Capacity 3157 c.c. 
Weight after opening............ ese ; 684°75 
Weight before opening i" 680°9 


Weight of air admitted ; 3°85 


Condensed water .. 3 — 


From the above it will be seen that it is easy to check the exhaus- 
tion of the flasks by weighing at any time; 0°01 gram increase would 
show, correcting to N.T.P., a leakage of 0°3 per cent. or about 8 c.c., 
but we could detect no change of weight even on keeping flasks for 
months. 

As serving to show the accuracy of our process and the time 
necessary for absorption, the following results may be quoted. 

First series—3 flasks of about 3 litres capacity, which had been 
rendered vacuous one month previous, and since kept in the labora- 
tory, had introduced into each of them 18°8 c.c. of carbon dioxide at 
N.T.P., and then the alkali (a mixture of decinormal soda and normal 
barium chloride). 

Time (with frequent 
Alkali. shaking). CO, found. 
20 6.6... eoe-ee 1 hour 19°1 c.c. 
Sh... gvovescicees, Wanna 19:0 
BS. secepeccoeee 1B ng 19°1 


Another series, recently rendered vacuous, had the same quantity 
of 18°8 c.c. of carbon dioxide at N.T.P. introduced, and gave, with 
decinormal barium hydroxide, the following. 


N/10 Ba(OH),, Time. CO, found. 
1 hour 19:0 c.c, 

50 minutes 19°0 ,, 

30 » 19:0 ,, 

eS «ancbuhinese, . oe - 19:0 ,, 
Te a wed déuees, “te? ithe 19°1 


” 


” 


” 


A flask into which no carbon dioxide had been intentionally intro- 
duced gave after one hour 0°2 c.c. of carbon dioxide. 

In a third series, one of us added the amount of carbon dioxide, and 
it was then estimated by the other, who was not aware of the quanti- 
ties added until his results had been calculated (in all cases due 
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correction was made for pressure temperature and tension of aqueous 
vapour). 
CO, added. CO, found. 
7°6 c.c. 
<a 
228 ,, 
19°9 ,, 
20°8 ,, 

The following are some examples of the process applied. 

Sample of air taken in the yard of a factory in Camden Town 15 feet 
away from the building on a bridge 30 feet from the ground. 
Barometer 760 mm.; temperature 11°0°; damp morning. 

Capacity of flask. N/10 alkali. CO, per 10,000. 
845 c.c. 5 c.c. 38 
2994 ,, . » 4°7 
2796 ,, 20 . 4°5 
3157 _,, 42 


This is really an example of irregular results due to proximity of 
buildings, one of which was a soda-water factory. 
Samples of air taken in a soda-water factory, 15 fi. away from any 
source of carbon dioxide, 3 feet from the floor. 
Capacity of flask. N/10 alkali. CO, per 10,000. 
3197 c.c. 20 c.c. 12°4 
3119 ,, 20 ,, 12:7 
3154 _,, 20 ,, 12°9 


Samples taken from the same place on a cold evening, 6 P.M., when 
all the doors were shut. (23.10.95.) 


Capacity. N/10 alkali. CO, per 10,000. 
5350 c.c. 30 c.c. 47°1 
7500 ,, $0 ,, 48°5 


It is to be noted that the employés in the factory do not appear to 
suffer in any way from the large amount of carbon dioxide which they 
must inhale. 

The following are some miscellaneous examples. 

I. Air taken in Southwark Police Court during the hearing of the 
Salvation Army Shelter case, 4 p.m. (24.10.95.) Barristers’ enclo- 
sure, centre of Court. II. Air taken in the 4d. gallery, Standard 
Theatre. III. At Brewery Exhibition among the crowd in the 
gallery. IV. At Brewery Exhibition away from the crowd. 
V. Crowded gallery, Drury Lane Theatre, Saturday night, 10 p.m., 
before fireworks. VI. Another sample same time and _ place. 
VII. Bedroom, 1,047 cubic ft., at St. George’s Buildings, Southwark, 
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occupied by two adults, four children, fire in room, but door had been 
occasionally opened ; two samples taken with a few minutes interval. 


Capacity of flask. N/10 alkali. CO, per 10,000. 


D anicans . 2280cc. 2ece. 11:7 
Si 2322 ,, 10 ,, 29°2 
he 1815. ,, 10 ,, 29°1 
ete 1680 ,, . 7:8 
_ POOR 2337 ,, 10 ,, 20°6 
2... — oe ~ . 19:0 

1718 ,, 10 ,, 178 
| pte , 0” is 


With regard to the amount of carbon dioxide produced by burning 
gas, most of the text-books state erroneously that 1 cubic foot of gas 
produces 2 cubic feet of carbon dioxide. That this is an error may 
be seen on calculating the theoretical amount producible from the 
figures given of the composition of ordinary gas, or by reference to 
the result of its explosion with oxygen. It will be then found that 
1 cubic foot of gas produces from 0°6 to 0°65 of carbon dioxide, so 
that an ordiuary burner, consuming 5 feet per hour, would introduce 
nearer 3 feet than 10 feet—that is, it is equal to about 5, not 16, men 
at rest. 

For the purpose of further experiment, a disused, slate tank, having 
a capacity of 100°6 cubic feet, was covered with enamelled iron and 
glass, the joints being made air-tight by pasting over with paper and 
subsequently varnishing, all bung-holes being stopped. 

In this tank the authors of the paper made a series of experiments, 
the air being kept constantly in motion by moving a fan, a piece of 
wood 4 feet square, up and down in the centre of tank. Making 
due allowance for the bulk of the occupants and apparatus, there 
would be less than 50 cubic feet per person, but rather more than, 
obtains in a railway carriage full of passengers. Samples of air were 
then taken in Lunge and Zeckendorf’s and Wolpert’s air testers, by 
Pettenkofer’s open bottle, by the water vessel of Notter, at stated 
intervals, and, simultaneously, into our vacuous flasks. All the 
samples were drawn from very nearly the same position, and the 
operators took care to direct their breath away from the vessels in 
the direction of the fan. 

The following is an example: Two operators in tank with fan; 
after being 10 minutes in the tank, three flasks were started, the 
interval between the first and third being 40 seconds. The results 
were 53°7, 54°8, 56°5 CO, per 10,000. After 20 minutes, three other 
flasks were taken; they gave 67:2, 67:3, 69°9, and after 27 minutes 
three others ; they gave 88°2, 88°2, 842. 
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We have made a few experiments in this tank with the object of 
comparing our process with those commonly in vogue, and also with 
the intention of estimating in the same sample of air as that we 
used subsequently for the estimation of carbon dioxide, and the 
number of micro-organisms, or the albumenoid ammonia, and the 
matter capable of absorbing oxygen from permanganate; at present 
we do not feel justified in publishing our work in this direction. It is 
obvious that such small volumes of air must be very foul indeed to 
yield measurable quantities, except as regards micro-organisms, and 
these bear no relation to respiratory impurity, although they may 
afford other valuable information. 

We desire to place on record our thanks to Messrs. Idris & Co., 
Aérated Water Manufacturers, Camden Town, for placing their 
laboratories at our disposal, and for kindly providing all appliances. 


LIX.—The Atomic Weight of Japanese Tellurium. 


By Masumt Cuaikasuick, B.Sc. 


TuE atomic weight of telluriam has been determined by Berzelius 
(1833), von Hauer (1857), Wills (1879), Brauner (1883, 1889), and 
Staudenmaier (1895). Berzelius gave it as 1283 (O = 16). Stauden- 
maier has only reduced it to 127°6. Brauner had obtained this 
number, that is, 12764, by determining the quantity of bromine in 
the tetrabromide, but in other ways, which he could not admit to be 
inaccurate, he obtained widely varying numbers for the atomic 
weight. To explain these variations, he assumed that what passes 
for the element tellurium is a mixture or compound. The number 
125, which since 1884 has been generally accepted as the atomic 
weight of tellurium, was suggested by Mendeléeff, and was adopted 
on the grounds of Brauner’s determinations (partly by faulty methods, 
as he has since ascertained), published in 1853 in Russia. A paper 
by him, on the atomic weight of tellurium, which appeared last year 
in the Society’s Journal, supplies no new data. It throws no light 
upon the causes of the varying results he had previously obtained by 
different methods, but apparently contains the admission from him 
that, so far as can be determined by known methods, the atomic 
weight of tellurium is 127°64 (127°7 in a vacuum). 

The object of the research described in the present communication 
to the Society has been, not to add one more to the above-mentioned 
determinations of the atomic weight of telluriam by some moditica- 
tion of a method already employed or by some new method, but to 
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apply Brauner’s tetrabromide method to tellurium of an origin utterly 
different from that of the specimen on which he worked. European and 
American te]lurium occurs in association with heavy metals, and might, 
therefore, when separated frorn those which are known, still retain 
unknown elements, in accordance with Brauner’s conception. But in 
Japan tellurium is found in native sulpbur, as was discovered by Divers, 
Shimosé, and Shimidzu, in 1883 (Chem. News, Chem. Soc. J.). There 
occurs, in fact, in this country a massive, crystalline, red sulphur, a 
variety of the selenosulphur (Strohmeyer) foand in the Lipari Isles, 
in Naples (Phipson), and in the Hawaian Islands (Dana). It is 
semi-transparent, and indistinguishable in appearance from native 
sulphur, except by its beautiful orange colour, and occurs inter- 
spersed with ordinary sulphur in the same blocks. I take from the 
Chemical News the vemposition of a sample analysed by Divers and 
Shimidzu :—Tellurium 0°17, selenium 006, arsenic 0:01 per cent., 
traces only of molybdenum and earthy matter, and sulphur, by differ- 
ence, 99°75 per ceut. It is accordingly much more a tellurosulphur 
than a selenosulphur. 

Concerning this tellurium, it need not be contended that it is more 
truly an element than that found combined with bismuth, gold, lead, 
and silver; it is sufficient to assert the high improbability that it 
should contain the same unknown elements as the latter. That being 
the case, if it gives the same result by Brauner’s tetrabromide 
method as that obtained with Hungarian tellurium, the likelihood 
that tellurium with the atomic weight 127°6 is an element is greatly 
increased, if nut raised to a certainty. Such was the view taken of 
the matter by my honoured teacher, Dr. Edward Divers, who 
advised me to carry ont the work needed, and who placed in my 
hands about [4 grams of tellurium which had been prepared by him 
and Mr. Shimosé years ago. ‘They had obtained this tellurium from 
the sediment removed from the lead chambers of a sulphuric acid 
factory, by a method the particulars of which they communicated to 
the Chemical News in 1883. The telluriam which I thus received 
had already been carefully freed from selenium and distilled in 
hydrogen. 

Before I had made very much progress in preparing for the deter- 
mination of the atomic weight, a matter which has taken a very 
lung time, Standenmaier’s memoir came to hand, but its contents did 
not deter me from finishing my investigation, although they can 
leave no reasonable doubt, I think, that the atomic weight of the 
element is really 127-6. 

Long as the work has occupied me, there is now no occasion to 
describe it in detail, since it was purposely the closest copy I could 
make of Brauner’s operations so far as these seemed to be material 
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to the point. The tellurium, already so pure, was tested for impuri- 
ties, and was again distilled in hydrogen. 

Excellent commercial bromine was distilled from potassium bromide, 
zinc oxide, and water (Stas). It was dehydrated first by means of 
anhydrous calcium bromide left in it for some days, and then by 
baryta, from which it was filtered through asbestos in vessels closed 
from the air. It was then distilled into a receiver sealed on to the 
distilling flask. 

The silver was first precipitated by Stas’s well-known sulphite 
method, fused under borax and nitre, then kept for a time in fusing 
potassium sodium carbonate, washed with water, hydrochloric acid, 
and ammonia, melted again in a lime crucible, and granulated in dis- 
tilled water. 

The distilled water of the laboratory was fractionally redistilled, 
and the nitric acid was treated in the same way. 

The balance used is one by Sartorius (his first quality), which has 
been hitherto only sparingly used for special cases. The weights are 
of quartz and platinum, by Gerhardt, and were found by me to have 
been closely adjusted. 

The tellurium bromide was prepared by adding the tellurium to 
the bromine, in a tube, exactly as described by Brauner. In such a 
tube he directly sublimed it, but I had to transfer it to another 
longer tube. The procedure was to slide into this tube nearly to 
the bottom an open tube, loosely fitting it, down this to drop the 
powdery, crude tetrabromide, and then withdraw it, leaving the 
walls of the sublimation tube unsoiled. This tube, at once closed 
by a cork, was then contracted about 25 cm. from its closed end, 
and again about 12 em. further off, where it was cut off from the 
corked end, and the narrowed mouth attached by caoutchouc tubing 
to the drying tube connected with a Sprengel pump. The tube 
was placed in the furnace with its tirst contraction just outside ; 
the bromide before sublimation occupied the hinder third of the tube 
within the furnace. Sublimation was in all other respects effected 
just as described by Brauner, a little dibromide being sublimed off at 
200° into the outer part of the tube, and the tetrabromide sublimed 
at a temperature, kept closely at 300°, into the anterior part of the 
tube within the furnace. Practically nothing remained unsublimed, 
which showed that the transference of the undisti'led bromide from 
tube to tube had been effected with impunity, this compound not 
being noticeably hygroscopic, and the air at the time being cold and 
very dry. The sublimation furnace was an exact copy of Brauner’s. 

The tellurium bromide was weighed off and dissolved in tartaric 
acid in one vessel, added to the silver nitrate, shaken for hours ir the 
bottle, with a conical, polished, pointed stopper projecting into it, and 

302 


884 THE ATOMIC WEIGHT OF JAPANESE TELLURIUM. 


then finished off volumetrically exactly as described by Brauner 
(except that the final titration was not effected in a dark room, but in 
feeble daylight). 

I made only the three determinations here given, in addition to a 
trial for practice. The following are the results. 


Expt. Tellur. brom. Silver. At. wt. 
I. 41812 40348 12757 
II. 43059 41547 127°61 
III. 45929 4°4319 127°58 


The details of Experiment II are :—Silver weighed off, 4°1548 grams ; 
time of continuous shaking by water-motor, four hours ; precipitate, 
thoroughly pulverulent; silver solution added, 0:4 ¢.c., which pro- 
duced no turbidity ; potassium bromide solution required, 0°8 c.c. = 
0°54 c.c. of silver solution. Since the silver taken in excess was 
equivalent to 0-14 c.c. of silver solution, and, therefore, to 0:00014 
gram of silver, the actual quantity of silver required by the 43059 
grams of bromide was 4°1547 grams. Then 


79°963 x 41547 x 100 
107°938 x 4°3059 


= 71°48 per cent. bromine, 


and 


(RE x 43059 
4°1547 


In Experiment I the silver weighed out was not so closely appor- 
tioned, and several cubic centimetres of the volumetric solution had to 
be used; otherwise it agreed with II, as did also III in its details. 

When it is considered that Brauner and I have obtained by the 
same method identical results, although he worked with tellurium 
that had presented itself in combination with metals, whilst I have 
worked with that occurring in native sulphur of high purity, except 
for the presence of this tellurium and of selenium, so far as can be 
ascertained by tests for known elements, and when it is further con- 
sidered that Stanudenmaier’s results are the same as Branner’s, 
although obtained by a wholly different method, no reasonable doubt 
can remain that the atomic weight of tellurium is 127°6. 

The occurrence of tellurium in Japan in association with selenium 
in native sulphur is also a fact of great significance in settling the 
place of this substance in a natural classification of the elements, 
showing, as it does, so close a habitude to exist between it and sulphur 
and selenium. 
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HELMHOLTZ MEMORIAL LECTURE. 
(DELIVERED JANvARY, 1896.) 
3y Georcr Francis Fitzceratp, M.A., D.Sce., F.R.S. 


‘And Nature, that old nurse, took 
The child upon her knee, 
Saying ‘ Here is a story book 
Thy father has written for thiee. 
“ «Come wander with me’ she said, 
‘In the regions yet untrod, 
And read what is still unread, 
In the manuscripts of God.’ 


“And he wandered away and away 
With Nature, the dear old nurse, 
Who sang to him night and day 
The rhymes of the Universe.” 
LONGFELLOW. 


Wuen standing in Chamounix, beneath Mont Blanc, we are no doubt 
impressed with its majesty, and oppressed with a sense of our insig- 
nificance ; but we must remove to a greater distance if we would 
judge properly of the relative importance of the giant peaks around 
us, if we would see the great mountain towcring above its neighbours, 
the heaven-supplied source of those glorious glaciers that in 
Chamounix seemed to spring from the lesser heights around. We 
are now only a little more than a year after Helmholtz’s death, and 
hardly sufficiently removed from his times, from the immediate 
presence of his contemporaries, from the personal acquaintance of so 
many great minds, for us to judge with perfect confidence of the 
relative importance of the giant intellects around us. His contem- 
poraries, no doubt, valued “ gentle Shakespear, fancy’s child,” as 
they valued Ben Johnson or Marlow; but it was reserved for suc- 
ceeding generations to appreciate how immeasurably this woodland 
warbler outstripped these in majesty of intellect. That Helmholtz 
has been one of the great scientific intellects of his time is already 
abundantly evident. We can, however, hardly judge what his exact 
position as a founder of the doctrine of conservation of energy, of 
the theory of vortex motion, of the principles of sight and hearing, 
is in relation to those other great scientific intellects, Faraday, 
Maxwell, and Hertz, who have laid on a new foundation our 
knowledge of the all-pervading ether, or Jenner and Pasteur, who 
have created a rational foundation for medical and surgical treatment, 
and originated the conceptions by means of which we hope some day 
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tu learn the structure of matter, or Darwin, who has done more than 
any other, since Copernicus and Newton, to revolutionise man’s con- 
ception of the world around him, and of his place in Nature. 

It is remarkable how many great men have attributed their pecu- 
liar gifts to the peculiarities of their family life. Helmholtz seems 
to have considered the drudgery of school as little better than a 
necessary evil. What he liked, that entered into his life; what he 
disliked, was hardly assimilated at all. He puts it—“ What a man 
does easily he usually does willingly.” I would rather say—‘ What 
a man does willingly he usually does easily.” It is the taste that 
creates the will to do, and that makes the hard work easy. His love 
for nature was satisfied by learning geometry from wooden blocks, by 
walks in the country with his father, by experiments with acids on his 
mother’s linen, by making telescopes with spectacle glasses, by study- 
ing books on physics in his father’s library. Thus was nursed, that 
impulse to dominate the actual world by acquiring an understand- 
ing of it which became the passion of his existence, and guided his 
whole life. Thus his real life seems to have been nourished by 
things quite outside his school experiences, and he seems hardly to 
have looked upon educational institutions as truly educational till, in 
the German University, he had scope for expanding in the directions 
for which his nature was specially fitted. Like an ivy plant in an 
herbaceous border, clipped here and there to suit its surroundings, it 
never expands freely, nor does itself justice, nor produces really 
healthy growth till transplanted to the neighbourhood of the wall 
over whicli its nature is specially fitted to make it grow, and where it 
develops into its perfect ideal. This passion to dominate nature 
drove young Helmholtz to attack great problems. Young men are 
favourably circumstanced for doing this. Many try, few succeed. 
Hope, enthusiasm, energy are theirs. Uunencumbered by old habits 
of thought their minds develop new roads of attack. The develop- 
ment of habits is necessary for the individual, and hence for the race, 
but it stops development along new lines. Hence the necessity for 
kindly death, that new minds may grow, that mankind may improve. 
To young Helmholtz the then being discovered principle of the 
conservation of energy, seemed almost self-evident. He thought that 
all the scientific world was as satisfied as himself, except a few 
medical and biological students, whose studies had kept them out of 
the flow of physical science. For the sake of these he wrote a paper 
on the Conservation of Energy, and then it appeared that he was a 
pioneer. Physical science students had not grasped the generalisa- 
tions they were engaged on. This young master mind was required 
to clear the new path, to call the attention of those engaged in 
removing some immediately present obstacle to the immense prospect 
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around them, to show them the country they had invaded, and hoist 
the flag of science in the conquered territory. 

To Baconian England it seems strange to be told that physicists 
had to contend against Hegelianism in Germany. That preconceived 
notions of what ought to be may obscure mankind’s vision of what 
is, in both scientific and religious circles, is what we all expect ; but 
that what we in England would call metaphysical views of phenomena 
should obstruct diffusion of truth, shows a seriousness about meta- 
physics in Germany that it would be hard to parallel in England. 
Britain has produced one of the most original and brilliant meta- 
physicians since Plato, the great and good Bishop Berkeley ; but this 
father of Hume, who startled Kant from his scholastic dreaming to 
create all modern metaphysics, has never been taken seriously by his 
fellow-countrymen. Metaphysics is to most of them inanity, and we 
consequently wonder, when we see metaphysical theories taken so 
seriously elsewhere as to produce effects similar to those produced 
here by authority or by religion. 

Great problems attracted Helmholtz’s attention: those of sponta- 
neous generation and of the source of energy in muscular contrac- 
tions. But after a little work on these, his duties as lecturer in 
Kénigsberg on general pathology and physiology, led him to invent 
the ophthalmoscope, which raised him so much in the estimation of 
the world and of his colleagues, that he was thenceforth able to devote 
his time and energies to the subjects he liked best himself, or to such 
as he could not get others to do for him. To his assistants and 
students he left the carrying out of investigations whose methods 
and ends were so far defined that a studeut or assistant could carry 
them out with occasional direction from headquarters, while he him- 
self engaged in investigations that might lead to no result, and the 
methods of attacking which were as yet unknown. How fortunate 
for mankind that this great intellect had this assistance! that the 
endowments of German universities should be available for providing 
such assistance, instead of being frittered away in providing scholar- 
ships for wealthy schoolboys to bribe them to devote unwilling 
energies to the culture of their minds, an end that would be much 
better attained by the cheaper method of inflicting heavy fines or 
other such well deserved punishments on those. who wilfully and 
wickedly throw away the great opportunities of improvement pre- 
sented for their use. Helmholtz thus obtained time for continuous 
thought, time to wait for discoveries, time to prepare the ground 
of thought by familiarity with the problem in all its aspects, time 
for the evolution of all sorts and kinds of hypotheses to be rejecied, 
one by one, till, by a process of natural selection, the teaming brain 
at last saw the true solation break forth like the sun from behind 
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the clouds that this sun has all along illuminated, and each bright 
spot of which had hitherto held out hopes of success. As the natural 
selection of animals gradually built up mankind from an undif- 
ferentiated jelly, so the conscious selection of a genius builds up 
the great idea from the germs of thought. Continuity and variety 
are in each case the conditions for rapid progress, and in the brain 
workshop of a Helmholtz we see the indefatigable workings of a 
superabundant productiveness bringing forth innumerable varieties 
for selection: the brain action is natural, too. To Helmholtz the 
results of his work are the “ natural’ outcome of what went before. 
Is there any real difference between the productions of nature and 
the productions of intellectual activity ? 

To oneself, no doubt the selection each time is for the sake of some 
ulterior end, for the attaining of some object, due to a final cause, 
but to another observer the brain action must all be explicable as 
due to efficient causes. These latter do not include the former, rather 
each makes the other possible. Can it be otherwise in that teaming 
creation of which we are observers, ia which we only see efficient 
causes, for we are only observers, and not feelers of the thoughts of 
nature. 

And which of all the children of his intellect did Helmholtz value 
most? Not the ophthalmoscope that took him a week to get to 
work, nor his investigations on the physiology of sight and hearing 
that took him years to work out in their innumerable details, nor 
those theories of chemical and electrical action that occupied his 
later years. No, it was his victories over mathematico-physical 
problems of fluid motion, vortex motion, and discontinuous motion 
that he seems to have looked upon as his greatest triumphs. These 
seem to be the problems that he speaks of as having given him such 
months and years of thought to find a solution of; that he attacked 
this way and that, and at last solved, and having solved, saw then a 
broad and easy path to lead others by; a path that was obvious 
enough when seen, but had yet eluded his grasp, till after years of 
devious wandering he reached the goal, and then discovered the 
direct route. Their very simplicity now makes it almost impossible 
for those who follow to see in these works the vaiue Helmholtz 
attaches to them. Great and magnificently general as they are, 
laying as they do a possible, nay, probable, foundation for a dynam- 
ical explanation of all natural phenomena, they seem now so obvious 
that, like Gallileo’s law of the motion of falling bodies which laid the 
foundations of all dynamics, they are almost taken for granted as a 
natural possession of the human mind. We are inclined rather to 
think our predecessors must have been blind not to see such obvious 
things than to credit the discoverers with preternatural insight. 
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To the Chemical Society the question of most importance is how 
Helmholtz’s work bears on chemical theories. Unfortunately, there 
is very little really known about this in respect of vortex motion. 
Lord Kelvin has made the brilliant suggestion that atoms are 
vortex rings, and upon this all subsequent guesses have been 
founded; for our knowledge in this direction is very little better 
than guesses. Helmholtz had shown that vortices in a perfect liquid 
could neither create nor destroy one another. Once created, a vortex 
ring is permanent, like an atom of matter. It can go fast or slow, 
it can vibrate, it can enter into partnership with others or rebound 
from them, according to circumstances, but vortex rings cannot destroy 
one another. They can change in innumerable ways, can be drawn 
out into thin threads, or gathered up into spherical knots; but one of 
their properties, called their vorticity, remains indestructibly the 
same during all these changes. This was Helmholtz’s great dis- 
covery, and is the foundation for Lord Kelvin’s brilliant suggestion 
that atoms are vortex rings in a perfect liquid. Advances upon this 
suggestion have been made, though most of these advances have 
brought to light serious difficulties in the way of accepting the 
hypothesis in its primitive simplicity. Something has been done to 
attack the problem of a medium like a gas of thin vortex rings, and 
has brought to light two very serious difficulties. The more energy 
we give to the rings the greater is their inertia, and the slower they 
move. Now it is generally believed that the inertia of a body is 
independent of its temperature. We can be sure that the ratio of 
the inertia to gravitation is independent of temperature to a very 
high order of approximation. We may be practically certain that 
the mean temperature of the earth is much higher than that of the 
moon, and that of Jupiter than of his moons. Now, if the inertia of 
a body increased with its temperature but its coefficient of gravita- 
tion did not, it would lead to very serious discrepancies in the astro- 
nomical theory of the motions of the various members of the solar 
system. An investigation of possible small departures from constancy 
of coefficient of gravitation would be most interesting in connec- 
tion with the question as to the effective inertia of electrons. 
Departures from constancy of refractive power seem to show that the 
drag of ether on matter is not exactly proportional to mass, and if 
any sensible amount of the inertia of matter is due to an ether 
disturbance accompanying iis motion there might be a difference 
between the inertia of the matters constituting what are probably 
such differently constituted bodies as the planets. We cannot be at 
all so sure that both inertia and gravitation do not increase simul- 
taneously with temperature. Very few experiments indeed have 
been made as to the variation of the weight of a body with tempera- 
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the clouds that this sun has all along illuminated, and each bright 
spot of which had hithertu held out hopes of success. As the natural 
selection of animals gradually built up mankind from an undif- 
ferentiated jelly, so the conscious selection of a genius builds up 
the great idea from the germs of thought. Continuity and variety 
are in each case the conditions for rapid progress, and in the brain 
workshop of a Helmholtz we sce the indefatigable workings of a 
superabundant productiveness bringing forth innumerable varieties 
for selection: the brain action is natural, too. To Helmholtz the 
results of his work are the “ natural’ outcome of what went before. 
Is there any real difference between the productions of nature and 
the productions of intellectual activity ? 

To oneself, no doubt the selection each time is for the sake of some 
ulterior end, for the attaining of some object, due to a final cause, 
but to another observer the brain action must all be explicable as 
due to efficient causes. These latter do not include the former, rather 
each makes the other possible. Can it be otherwise in that teaming 
creation of which we are observers, ia which we only see efficient 
causes, for we are only observers, and not feelers of the thoughts of 
nature. 

And which of all the children of his intellect did Helmholtz value 
most? Not the ophthalmoscope that took him a week to get to 
work, nor his investigations on the physiology of sight and hearing 
that took him years to work out in their innumerable details, nor 
those theories of chemical and electrical action that occupied his 
later years. No, it was his victories over mathematico-physical 
problems of fluid motion, vortex motion, aud discontinuous motion 
that he seems to have looked upon as his greatest triumphs. These 
seem to be the problems that he speaks of as having given him such 
months and years of thought to find a solution of; that he attacked 
this way and that, and at last solved, and having solved, saw then a 
broad and easy path to lead others by; a path that was obvious 
enough when seen, but had yet eluded his grasp, till after years of 
devious wandering he reached the goal, and then discovered the 
direct route. Their very simplicity now makes it almost impossible 
for those who follow to see in these works the vaiue Helmholtz 
attaches to them. Great and magnificently general as they are, 
laying as they do a possible, nay, probable, foundation for a dynam- 
ical explanation of all natural phenomena, they seem now so obvious 
that, like Gallileo’s law of the motion of falling bodies which laid the 
foundations of all dynamics, they are almost taken for granted as a 
natural possession of the human mind. Weare inclined rather to 
think our predecessors must have been blind not to see such obvious 
things than to credit the discoverers with preternatural insight. 
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To the Chemical Society the question of most importance is how 
Helmholtz’s work bears on chemical theories. Unfortunately, there 
is very little really known about this in respect of vortex motion. 
Lord Kelvin has made the brilliant suggestion that atoms are 
vortex rings, and upon this all subsequent guesses have been 
founded; for our knowledge in this direction is very little better 
than guesses. Helmholtz had shown that vortices in a perfect liquid 
could neither create nor destroy one another. Once created, a vortex 
ring is permanent, like an atom of matter. It can go fast or slow, 
it can vibrate, it can enter into partnership with others or rebound 
from them, according to circumstances, but vortex rings cannot destroy 
one another. ‘They can change in innumerable ways, can be drawn 
out into thin threads, or gathered up into spherical knots; but one of 
their properties, called their vorticity, remains indestructibly the 
same during all these changes. This was Helmholtz’s great dis- 
covery, and is the foundation for Lord Kelvin’s brilliant suggestion 
that atoms are vortex rings in a perfect liquid. Advances upon this 
suggestion have been made, though most of these advances have 
brought to light serious difficulties in the way of accepting the 
hypothesis in its primitive simplicity. Something has been done to 
attack the problem of a medium like a gas of thin vortex rings, and 
has brought to light two very serious difficulties. ‘The more energy 
we give to the rings the greater is their inertia, and the slower they 
move. Now it is generally believed that the inertia of a body is 
independent of its temperature. We can be sure that the ratio of 
the inertia to gravitation is independent of temperature to a very 
high order of approximation. We may be practically certain that 
the mean temperature of the earth is much higher than that of the 
moon, and that of Jupiter than of his moons. Now, if the inertia of 
a body increased with its temperature but its coefficient of gravita- 
tion did not, it would lead to very serious discrepancies in the astro- 
nomical theory of the motions of the various members of the solar 
system. An investigation of possible small departures from constancy 
of coefficient of gravitation would be most interesting in connec- 
tion with the question as to the effective inertia of electrons. 
Departures from constancy of refractive power seem to show that the 
drag of ether on matter is not exactly proportional to mass, and if 
any sensible amount of the inertia of matter is due to an ether 
disturbance accompanying iis motion there might be a difference 
between the inertia of the matters constituting what are probably 
such differently constituted bodies as the planets. We cannot be at 
all so sure that both inertia and gravitation do not increase simul- 
taneously with temperature. Very few experiments indeed have 
been made as to the variation of the weight of a body with tempera- 
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ture. It is difficult to weigh hot bodies accurately, and, in conse- 
quence, there does not seem to be any conclusive proof that the 
weight of a body does not change with its temperature. If it does 
not do so by a measurable amount the simple vortex ring theory of 
matter can hardly be true. As regards the velocity with which 
vortex rings move, the elementary dynamics of how sound is propa. 
gated by a medium like gas, in which the molecules are only fora 
short part of their time in collisions, acting on one another, and are 
for by far the greater part of their time engaged in flights between 
collisions, proves that the velocity of sound must be proportional to 
the velocity of flight. It is known that the velocity of sound 
increases with temperature, and so we are landed on the horns of a 
dilemma, either the molecules are not thin vortex rings in an other- 
wise simple liquid, or else when we give heat to a gas we are in some 
mysterious way taking more energy from it than we give to it. ‘This 
latter suggestion, if it can really be worked out, would get over the other 
difficulty as to the variation of inertia with temperature, for the sugges- 
tion is based upon the supposition that we have to deal, not with the 
motion of the ring as a whole, but only of its rotational core. Some 
' people may have rather a preference for this latter horn of the dilemma, 
but [ certainly think that all we know of matter and the ether points 
to the conclusion that whatever atoms are, there is certainly a com- 
plicated structure in the space between the atoms. This is required 
to explain electromagnetic actions, and consequently atoms are 
certainly not simple thin vortex rings in an otherwise unmoving and 
structureless liquid. It has been shown that an intensely moving 
liquid could propagate disturbances sumewhat like light, if there 
were no diffusion of the motion, and at the last meeting of the British 
Association we were told of a structure for that motion which would 
not diffuse. 

In this connection, it may be worth while pointing out that as 
vortices move of themselves freely and independently of the density 
of the liquid, there is no necessity for supposing that the density of 
the liquid is small. In fact, the simple theory would point to the 
conclusion that its density may be greater than that of platinum. 
This would require the energy per enbie centimeter of the turbulent 
motion to which the propagation of light is due to be very large 
indeed, approaching a million of millions of Kilojoule’s, ¢.e., it would 
be equivalent to a million horse power for LO hours a day for nearly 
amonth. It has been seggested that an atom is a hole in a vortex 
cell ether. The suggestion is ingenious, but is hardly consistent 
with the separateness of atoms, their ability to combine and separate 
again regaining all their primitive properties. So far, no better 
suggestion has been made than that atoms are regions of vortex 
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motion, and as it seems quite possible that a vortex ring might take up 
a steady motion of association with a vortex cell, and in moving from 
place to place may carry energy proportional to the square of its rate 
of translation, and still more as no one knows with certainty how 
vortex rings would behave in a structureful medium such as the 
ether is, I prefer in our ignorance the horn of the dilemma, that 
holds that atoms are not simple thin vortex rings in an otherwise 
unmoving liquid. 

The theory does more, however, than land us in dilemmas. 
There is another result of Helmholtz’s work which, though it too 
is full of difficulties, has a sufficiently curious analogy to chemical 
facts to make it wonderfully possible that there is some connection 
between the two. When two parallel vortex threads are near one 
another, and are both rotating in the same direction, they can take 
up a steady condition of rotating round one another which is pretty 
stable. Three vortex threads can do the same, taking up positions at 
the corners of a triangle. Four, five, and six can behave likewise, 
but if we try to make seven vortices rotate round one another the 
condition becomes unstable. That there are unstable states of this 
kind seems certain, but there is also no doubt that any number of 
vortices could exist as a stable system, thick vortices being in fact 
collections of vortex filaments. The chemical analogy is, however, 
between these systems of vortices that become unstable when more 
than six are involved, and the chemical fact that no element has ever 
been required to possess more than six monovalent elements simply 
connected with it. Now, though the connection is undoubtedly far- 
fetched, and though the suggestion does not seem to explain why 
three or more hydrogen atoms should not be pretty fond of revolving 
round one another in a happy family, yet there is undoubtedly some- 
thing very striking in the numerical coincidence between the number 
of bonds required for chemical combinations and the number of 
vortices that can be absorbed into a single system of this kind. 
Pending any other dynamical suggestion as to why chemical bonds 
are limited in numbers, there seems sufficient grounds from this 
coincidence for keeping the matter prominently in view, in hopes 
that further light may be thrown on these fundamental questions. 
The other directions in which one might look for numerical coinci- 
dences of this kind are in the finite numbers of stable positions of 
magnets, in the finite numbers of the regular solids, and of the 
possible crystalline systems. Considering the success that has 
attended the development of the analogies founded on the geometry 
of the tetrahedron in the case of carbon, it is certainly well worth 
while developing corresponding solid geometrical analogies in respect 
of other elements. Considering that a vortex ring is in many respects 
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an area over which sources are distributed on one side and sinks 
on the other, and that sources and sinks behave in some respects 
like positive and negative electrified points, there seems some possi- 
bility that vortices may in some respects behave like polar bodies. 
From what we know of nature, a kinetic analogy is always to be 
preferred to a statical one, being more probably like the truth. If it 
is required to connect the geometry of the tetrahedron as regards the 
asymmetric carbon bound molecules with the vortex ring theory of 
matter, we must proceed somewhat as follows. It appears at: first 
sight as if it would not suffice to arrange the four vortex filaments 
that rotate with the carbon simply at four of the corners of a penta- 
gon to make a system competent to circulate along with the carbon 
filament at its fifth corner. It is well known that four points in a 
plane cannot represent the atomic bonds of carbon. One of them 
must be out of the plane of the other three in order that the rota- 
tional properties of many carbon compounds may be represented. In 
the case of the vortex filaments a corresponding result might be 
obtained by supposing the attached filaments to be wound corkscrew 
fashion round the carbon filament. Such corkscrew filaments are, no 
doubt, possible, but, unless vortex filaments can cross one another, 
which is certainly not generally possible, no free vortex ring could 
be wound corkscrew wise round another. The same resalt might 
follow by supposing that there are right-handed and left-handed 
carbon atoms. Though such might undoubtedly exist, this seems a 
very improbable explanation of the rotational light phenomena in 
view of the possibility of changing one of these isomeric bodies into 
the other by a moderate rise of temperature. We must, then, con- 
clude that the difference between the right- and left-hand distributions 
of filaments must be a difference of their order of distribution round 
the pentagon taken in conjunction with the circulation of filaments 
round one another. If we suppose four filaments, a, b, c, d, arranged 
in this order, when we go in the direction of circulation we can have 
a complementary system arranged in the order d, c, b, a, taken in the 
direction of circulation, and these two systems differ in the same sort 
of way as a right- and left-handed screw. In all these arrangements 
there would be a greater facility of interchange between a and b, 
i.e., between neighbouring filaments, than between a, c or b, d, so that 
in addition to this right- and left-handed isomerism there would be a 
possible distinction between a, b, e, dand a,c,b,d. This, so far as I 
know, has not been observed, and would consequently throw doubt 
on the suggestion that this vortex analogy is founded on any real 
likeness. There seem also very great difficulties in extending the 
analogy to complicated cases, such as the benzene ring, where a 
carbon filament has to be partly satisfied by one bond of a complex 
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molecule, partly by one bond of another carbon atom, and partly by 
two bonds of a second carbon atom. ‘Too little, however, is known 
of the possible combinations of vortex filaments to be at all sure 
whether six filaments, each with an attendant satellite, could not very 
well circulate round one another ina stable group. In this case, as 
in the former one, the direction of circulation would bring us the 
two isomeric distributions of the satellites round the system that is 
at present represented by the alternate double and single bonding. 

There are several serious difficulties from the chemical point of 
view to the supposition that these combinations of thin vortex rings 
are really like what is actually taking place. The possibility of a 
permanent combination of rings has only been proved possible when 
the strengths of the components are equal. Now this is quite out of 
harmony with known chemical phenomena. Compare, for instance, 
the two similar bodies water and cetyl. Their chemical compositions, 
H-0-H and C,,H;,0-H, and behaviour show that the complex system 
C,sH3 goes in and out of combination in just the same sort of way as 
the simple atom H. Now a vortex ring, C,;H;;, consisting of thin fila- 
ments would according to theory be 65 times as strong as the simple 
H ring, and consequently would not behave as a whole in at all the 
same way as this H ring. If it is really necessary that the compo- 
nents of a system must be of the same strength, the consideration of 
the various alcohols is fatal to the theory that chemical combination 
is at all like this association of vortex rings. However, the proof 
that equality of strength is necessary in order to make this associa- 
tion permanent seems to me inconclusive, and so there may yet be 
something important in the analogy. 

Another serious difficulty is as to the explanation of the enormous 
differences of mass of the atoms. Mercury, for instance, is 200 times 
as massive as hydrogen. Now, according to the hypothesis that has 
been proposed, the strength of the mercury ring is the same as that 
of the hydrogen one, and the only way in which it can have this 
enormous mass is by its baving a radius 14 times as great. If the 
average volume occupied by an atom be considered as proportional to 
the sphere upon which the ring would lie as a great circle, it would 
follow that the volume of a mercury atom would be something like 
2,800 times as great as that of a hydrogen atom. This does not seem 
at all in accordance with what we know of these bodies. This diffi- 
culty would be largely surmounted if we could adopt the proposal 
already mentioned of supposing that when dealing with vortex rings 
we have to deal with the momentum of the core of the ring, and not 
with that of the whole motion involved. We might, then, suppose 
that massive rings had thick cores with a slow rotation, so as to have 
the same strength but a greater momentum than the thinner rings, 
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even though the radius of the rings as a whole differed only slightly. 
The theory of nearly spherical and worm-like vortices would lead to 
a somewhat similar solution, but then the theory of their association 
into systems has not been at all fully worked out, and we cannot say 
whether it does or does not lead to results such as are known to hold 
in chemical combination. 

A further difficulty from the chemical point of view is that carbon 
should be a diad, and only by becoming doubled upon itself in a way 
that has never been proved to be possible for a vortex ring can it 
become a tetrad. Similarly, nitrogen becomes essentially a monad, 
and there seems to be no explanation of N,O;. The suggested 
doubling by which carbon becomes a tetrad would produce two allo- 
tropic forms of tetrad carbon, one right-handed and the other left- 
handed, and there is no evidence for this. In fact the whole system 
of atomicity as evolved from the theory of the association of thin 
vortex rings is sadly at variance with that derived from the study of 
chemical facts. 

This should induce study of other forms of vortex motion—study 
of thick rings and of spherical and worm vortices. There are several 
ways in which these latter are not subject to the same objections as 
thin ring vortices. They in some cases increase in velocity when 
energy is given to them, so that the objections depending on the 
velocity of sound increasing with temperature would not apply. 
The change of inertia with temperature would still exist. They 
could apparently swallow one another up, so that something analo- 
gous to chemical combination could exist, but too little is known 
about this to know whether the theory of their association would be 
less open to objection than that of thin rings. At the same time | 
expect much more from the investigation of the properties of a com- 
plex medium which would be capable of producing electromagnetic 
actions. Any suggestion as to the nature of atoms that does not explain 
electrolysis cannot be more than an analogy. There is some hope 
that a liquid full of energetic motion could explain electromagnetic 
actions, and a theory of electromagnetic actions depending entirely on 
the actions of electrons associated with atoms has been worked into 
it. The suggestion that electrons have an individual existence is 
undoubtedly tempting, but it is worth while keeping constantly in 
view the possibility that their constancy of quantity is connected 
with a constancy of structure of the ether rather than with any indi- 
vidual existence of each electron. This whole subject is so tentative 
that it is very doubtful indeed whether any real use could be made of 
these kinetic analogies at all comparable with the use that has been 
made of the statical analogy of carbon to a tetrahedron. Although 
kinetic analogies are certainly to be preferred to statical ones, yet 
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our knowledge of the mechanism involved is still so very imperfect 
that, as in the case of the elasticity of solids, and even of gases, 
we are perforce driven to think in statical analogies, and though 
we know that the energy is kinetic, to deal with it as if it were 
potential. There is therefore no sufficient reason at present for 
not using corresponding statical analogies to represent chemical 
equilibrium, even though we may be pretty sure that we are not 
dealing with the matter in the manner which is absolutely like what 
is actually taking place. 

The possibility of right-handed and left-handed vortex atoms has 
been mentioned. There are, in addition to the doubling of the atom 
on itself already mentioned, two ways in which these might exist. 
There might, in the first place, be a sort of temporary right- or left- 
handedness produced by a corkscrew wave motion being propagated 
round the vortex. Such avibration could hardly subsist permanently 
amongst the clash of molecules, but it may be worth keeping in view. 
There might, in the second place, be a circulation of liquid inside 
the vortex core either in the right- or left-hand direction round the 
line of motion of the vortex ring. This would be a permanent 
quality of each atom, one that no interactions of vortices could 
either produce or destroy. But it is a quality that might be a very 
serious one for the vortex ring itseif if ever it got drawn out beyond 
a certain length of circumference, for it might then make the circular 
shape quite unstable, and the result would probably be a vortex 
tangle instead of a vortex ring. Such a vortex tangle, if it could be 
kept within bounds, might do very well for an atom and may be 
better than a vortex ring, but the theory of such a tangle is beyond 
me, and I am afraid there would be a tendency for it to spread itself 
throughout space instead of confining itself to one place. May be it 
is by just such a destruction of vortex ring atoms that the ether has 
been made, and it may be that from time to time in the immensity 
of space these tangles undo and reform the atoms, thus rebuilding 
the universe out of its fragments and utilising the chance, by which 
the laws of thermodynamics prophesy the end, to prevent this very 
consummation. Anyway there seems plenty of scope for specula- 
tions founded on Helmholtz’s discovery of the law of vortex motion, 
though I fear that until some genius directs our attention aright it 
can give little or no help to the chemist in his investigations. 

One of the most interesting matters of a physicochemical character 
that Helmholtz worked at was the application of thermodynamics to 
chemistry. The application is, as yet, very limited. Comparatively 
few chemical processes can be brought through a complete cycle of 
operations, and still fewer are completely reversible. Unless these 
two conditions can be shown clearly to be applicable, we can only 
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apply the principle of the conservation of energy to the process in 
making quantitative calculations, and the second law of thermo. 
dynamics can give us very little quantitative information. There is, 
however, one important class of cases of chemical action which is 
reversible and to which we can consequently apply thermody- 
namics, namely that of a large number of electrolytic phenomena. 
Helmholtz has done a good deal in this direction, but a great deal 
still requires to be done both experimentally and in working out all 
that can be deduced from the experiments. In his method of treat- 
ing the subject, he introduced a certain quantity which he named 
the free energy. This name is rather misleading. One would 
naturally conclude that it was connected with the proportion of 
internal energy that can be transformed into work by means of an 
engine, and it is connected with this, but in such a roundabont way, 
that anybody might easily make mistakes about it. When the 
internal energy is described as being divisible into two parts, one of 
which is bound energy and the other free, one would naturally con- 
clude that no matter what one did, one of them could never be 
turned into work, while the other could, and that there was some 
difference in the nature of the energy in the body that made this 
distinction of quality. Now the internal energy in the body is really 
homogeneous, and we cannot separate it out into parts having 
different qualities in this way. As a matter of fact, changes of tem- 
perature change free energy into bound energy and vice versd, and 
free energy is the energy turned into work during isothermal 
changes, and is not derived wholly in general from the internal 
energy. In the case of a gas, for instance, there is during isothermal 
expansion practically no change in the internal energy while free 
energy is being expended on work. Hence the view that the 
internal energy can be divided into two parts, one bound and the 
other free, is a very forced view of what is really taking place. It 
is worth mentioning this because the name is seductive, and those 
who are not familiar with a subject are very liable to be misled by 
the seductive appearance of simplicity conferred by particular names. 
Of course this does not in the least detract from the value of the 
function itself which has been used under a variety of names by 
various investigators, and has proved in Helmholtz’s hands a 
valuable means of deducing all that can be learned from measure- 
ments on electrolytic cells and from their alteration with concentra- 
tion, temperature, &c. The complete determination of the thermo- 
dynamic properties of even one substance is not known. We know 
hardly anything about the changes of the specific heats of bodies 
with temperature and pressure. A few isolated attempts have been 
made to determine them, but in general our knowledge of the 
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thermodynamic functions of bodies is extremely meagre even as 
regards temperature and pressure, and almost ni/ as regards chemical 
changes of composition. This is a direction in which much more 
remains to be done by the co-operation of the chemist and the mathe- 
matical physicist. Many other applications of thermodynamics to 
chemical actions have been made since Helmholtz’s time. By the 
use of so-called semipermeable diaphragms the process of diffusion of 
a salt in solution can be made reversible at least ideally. The theory 
of how semipermeable diaphragms act is not of much importance in 
these applications of thermodynamics, unless indeed they are nece - 
sarily destroyed by their own action. If this is the case they do not 
make the processes involved reversible, and all the thermodynamic 
investigations that have been founded on the supposition that they 
are themselves permanent and unaltered are invalid. All that is 
necessary for the thermodynamical theory is that a semipermeable 
diaphragm is possible, and the fact that actual diaphragms are by no 
means absolutely semipermeable is an objection no doubt to the 
observations founded on what they do and is a serious difficulty in 
comparing observation with calculation, but it is no more an objec- 
tion to the calculation of what would take place if a semipermeable 
diaphragm is possible than the fact that even ice and air offer resist- 
ance is an objection to the prediction of what would occur if a stone 
were sliding over a perfectly smooth surface by calculation from the 
known principles of dynamics. 

Very little is known about the theory of semipermeable mem- 
branes. It is generally assumed that there are no heat effects 
depending upon their presence, but the corresponding mistake in 
neglecting the heat effects that occur when currents of electricity 
enter and leave a liquid lead to serious errors in the theory of gal- 
vanic cells, and until the theory and practice of semipermeable mem- 
branes agree more closely than they do at present, it is worth while 
looking for something of this kind. They are often spoken of as if 
they were merely some kind of molecular sieve. They seem reaily 
much more analogous to Graham’s second class of membrane which 
only permit the passage of gases which dissolve in the mem- 
brane, so that their behaviour is quite different from that of simple 
sieves like earthenware, &c., for which the laws of diffusion are so 
very simple. When we come to deal with really molecular magni- 
tudes, it is impossible, however, to draw a hard and fast line between 
physical and chemical permeability. One molecule may be able to 
penetrate amongst others, not so much because it is of the right size 
to get between them as because it has the right shape todoso. One 
cannot fit a square bar properly into a round hole. This question of 
shape is here mentioned merely as an example of one of various 
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peculiarities of a molecule which may enable it to associate itself 
intimately with others in a way peculiar to itself. Sach a peculiarity 
can in our ignorance only be called by the general term one of its 
chemical peculiarities. From the peculiarities of organic diaphragms 
there seems some reason to hope that we may be able to produce a 
set of judiciously constructed diaphragms each suited to let through 
molecular groups peculiar to itself and thus enlarge our means of 
what may be called chemical filtration. So far we seem to have 
attained very little farther than to be able to filter water from salts 
in solution. 

At the same time many organic processes seem to require an actual 
carrying of material by currents such as we see in the living cells of 
plants. By such currents materials can be taken out of dilute solu- 
tions and then transported to places where they can, under new cir- 
cumstances, be given up to strong solutions. Actions of this kind, of 
course, like the carrying of heat from low to high temperatures, 
require expenditure of energy. In living organisms we have many 
sources for this energy, and currents of the kind can easily be pro- 
duced by superiicial actions like the motion of camphor on water, 
which might continue till all the camphor was used up if clean water 
were constantly supplied. 

In applying thermodynamics to chemical investigations there are 
some serious pitfalls into which investigators have fallen. In the 
application of the law of the conservation of energy there is great 
risk of assuming that the heat supplied is equivaient to the work 
done without bringing the system through a cycle. A very serious 
mistake of this kind has been recently published as a proof that 
osmotic pressure is proportional to the absolute temperature. This 
is very possibly true, although the experimental evidence is by 
no means for it, but rather the contrary, yet the proof given, 
which assumes that the heat supplied is all used in doing osmotic 
work, is entirely inconclusive. A complementary mistake is to neg- 
lect the external work entirely when it is small in the cases in the 
mind of the calculator, and to assume that the heat supplied is all 
spent in changing the internal energy. This may lead to very 
simple laws, and to ones that are approximately true in a great many 
cases, but a proof founded on any such neglect and which does not 
clearly point out the degree of approximation attained is utterly 
unsound. Yet a mistake of this very kind occurs within the first 
seven pages of a very valuable treatise on theoretical chemistry, so 
that it can hardly be considered unnecessary to warn others of such 
mistakes. Another pitfall is to neglect the necessity for operations 
being reversible. Theories as to explosions in guns and gas engines 
have been propounded and published in which this is neglected. The 
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operations in both these cases are not reversed in the ergines con- 
sidered, and so the generally applicable second law of thermo- 
dynamics cannot be applied to them accurately. A similar mistake 
has been made in calculating the efficiency of engines when the feed 
supply, #.e., the return process, is worked by a separate engine. If 
this method were used in an air engine, it could easily be arranged 
to give an efficiency much greater than what is generally called the 
theoretically possible efficiency. In a recently published work, it is 
stated, in connection with a thermodynamic investigation, that one 
of the processes involved is the mixture of water and salt sclution, 
an irreversible operation unless by means of a semipermeable dia- 
phragm, which is not mentioned. There are several proofs in vogue 
depending on the supposed incapacity of a system to cool itself below 
its surroundings. These sometimes neglect the fact that for this to 
be impossible the operations must constitute a cycle. By evaporation, 
bodies cool themselves below their surroundings, and in some cases 
where vapour pressures of different materials are considered in two 
limbs of a closed vessel, this possibility is overlooked, and at the 
same time the possibility is overlooked of both the limbs getting 
coated with the same material by distillation of a small quantity 
from one to the other. The failure of these proofs does not of course 
involve the falsehood of the thing proved, but it shows how careful 
those who apply physical principles should be, to be quite familiar 
with the subject considered. It is as risky for a chemist to apply 
mathematics as for a mathematician to lecture to chemists: we 
should work in co-operation. 

In the case of calculating the connection between osmotic pressure 
and the lowering of boiling point by supposing that the level of the 
solution is raised above that of the pure water by means of a semi- 
permeable membrane, an extension of the theorem may be obtained 
by supposing the membrane sunk to different depths in the water 
when an interesting theorem connecting the osmotic pressure with 
the total pressure in a liquid can be deduced. 

Notwithstanding all these pitfalls and mistakes, great advances 
have been due to the applications of thermodynamics to chemistry, at 
which Helmholtz worked so fruitfully. 

Along lines closely allied to those of thermodynamics, there are an 
immense number of chemico-physical investigations waiting to be 
attacked. A good deal is known about the way in which variation 
of composition affects capillarity for instance, and from this it is 
possible to calculate how capillarity ought to affect chemical compo- 
sition, but there is very little indeed known as to whether it behaves 
as it ought. There are an enormous number of similarly reciprocally 
related phenomena which are connected with one another in a 
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manner aualogous to the way in which, for instance, freezing point 
and pressure are reciprocally related, and which demand attention. 
In all such work, the co-operation of chemists and mathematical 
physicists are eminently desirable. We cannot often expect the two 
to be united in one person with the energy and time at his disposal 
to do double work. 

Helmholtz laid the foundation for considerable advances in our 
knowledge of electrolysis. By a very carefully conducted series of 
experiments he distinguished between the diffusion currents and 
electrolytic currents. The former seem to be the only representa- 
tive of metallic conduction in an electrolyte. For the latter he 
verified with very great accuracy Faraday’s law of electrolysis and 
showed that the chemical forces are balanced by electrical forces, 
and that so far there was no reason for doubting that the chemical 
forces are electrical. This was Faraday’s position, and is largely 
justified by subsequent investigation. At the same time there seems 
no doubt but that chemical phenomena are much more complex than 
simple electrolysis as we know it. There are too many irreversible 
chemical actions for us to be able with certainty to co-ordinate them 
with simple reversible electrolysis such as Helmholtz specially 
studied. There are too many good reasons for being sure that other 
forces exist than merely electrical ones for us to be at all certain 
that it is only these latter which are of importance in chemical 
changes. We can balance gravitation by the elastic force of a 
spring, or by the centrifugal force of a pair of governor balls, but 
that can hardly prove conclusively that all these are of the same 
kind. We can balance electrical forces against chemical forces, but 
this does not prove conclusively that they are of the same kind. We 
know that gravitational forces and magnetic forces must exist 
between atoms, and though they may produce only a very small part 
of the effects observed, we hardly know enough about them to be 
perfectly certain that their effects must be very small. One of 
Helmholtz’s own theories seems to prove conclusively that there are 
forces acting which are not electrical. Helmboltz worked fruitfully 
at a theory of electrical diffusion through fine tubes which assumes 
that there is a double electrical layer on the surface of contact of the 
liquid and solid caused by a differential attraction of the two 
materials for positive and negative electricites. Now this attraction 
cannot be a force varying inversely as the square of the distance, for if 
so, it would merely neutralise the action of the electricity it attracted. 
A layer of positive electricity attracting one of negative electricity 
would just attract enough to neutralise all force on the layer and 
Helmholtz in assuming that nevertheless the electric force along the 
tube due to the current flowing in it does act on the layer practically 
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assumes that the attraction of the liquid for electricity is not an 
electrical attraction but is a specific attraction of a different kind. 
If we assume that an attraction of this kind can exist between 
atoms and electricity, we can hardly be justified in denying that 
atoms can act on atoms in a similar way. If the law of action of 
these forces be a much higher power than the inverse square, almost 
all the work done in separating atoms might be done against electrical 
forces, although at the very small distances involved in atomic 
dimensions these other forces might be very much greater than the 
electrical forces at the same distances, and might control chemical 
combination. 

A good deal of Jabour has been expended on investigating a 
theory of solids and liquids upon the hypothesis that atoms attract 
one another with a force varying inversely as the fourth power of 
their distance apart. Very interesting results have been obtained, 
many of them independent of the law of action. This particular 
law of action seems absolutely inadmissible, however, because it is 
one of the most interesting conclusions from the hypothesis that at 
one centimetre apart two atoms would have an attraction for one 
another due to this cause approximately equal to their gravitational 
attraction. Anything at all approaching this is conclusively 
negatived by the substantial agreement of the various experiments, 
some ou a large scale and some on a small scale, by which the 
coefficient of gravitation has been determined. If this suggested 
attraction existed there would be no sort of agreement between the 
results obtained on a large and ona small scale. There seems every 
reason to think that in the case of atoms we are dealing with phe- 
nomena of a much more complicated nature than that of laws of 
force of this kind. We know almost certainly that in the first place 
we are dealing with forces which are anyway like electrical and 
magnetic ones, neither all attractive nor all repulsive, but some one 
and some the other. From the arrangements of the molecules 
in crystals, and the tetrahedron analogy of carbon, we may be prac- 
tically certain that as far as we can deal with the question as a 
statical problem at all, we must deal with atoms as much more com- 
plicated structures than merely centres from which forces radiate 
uniformly in every direction. There seems every reason to think 
that atoms have special centres of attraction, and there is even good 
ground for thinking that the force emanating from each of these 
centres is directed, i.e., is very much greater in some directions than 
in others. No theory of solids certainly can be satisfactory which 
overlooks this, and any theory of liquids which overlooks electro- 
lysis must be rather lame. 

It must always be recollected that no statical theory of a solid or 
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liquid medium is possible with electrical forces alone acting. Such 
a medium would be essentially unstable. Hence, so far as we can 
deal with solids and liquids as statical systems, we may be quite 
certain that other than electrical forces must be postulated. From 
our knowledge of solids, crystals especially, and from the success 
that has attended the tetrahedron theory of the carbon atom, it seems 
almost certain that provisionally, at least, we may safely assume that 
avery large number of the properties of molecules can be deduced 
from purely statical theories of their structure. Hence we may be 
quite sure that so far at least as we are working on these provisional 
lines, we mnst assume other forces than electrical ones, or any others 
varying inversely as the square of the distance. Take, for instance, 
the suggestion that when an electrolyte is subject to electrostatic 
induction the superficial induced charges are due to a layer of 
electrified ions upon its surfaces. If there were no forces other 
than electrical ones, these ions would fly off the surface like dust. 
The pressure of the surrounding gas would certainly not prevent 
this, for a gas never prevents the diffusion of atoms. Hence we 
must suppose that there are other than electrical forces keeping 
these ions attached to the liquid. Helmholtz, himself, states as a 
conclusion of his investigation of the action of reversible electro- 
chemical actions. ‘“ A remarkable feature in these processes appears 
to me to consist in the fact that the attraction of the water 
to the salt to be dissolved can constitute so great a part of the 
chemical force acting between the oppositely propelled elements.” 
There seems to be considerable danger that these forces may be 
neglected. So much advance has been made by assuming that 
bodies in solution behave in some important respects like the same 
body in the gaseous state, that there has been a serious danger of 
assuming that the physical conditions areat all like. The dynamical 
condition of molecules in solution is essentially and utterly different 
from that of a molecule ina gas. The essential condition for apply- 
ing any known dynamical theory of gases to valculate their behaviour 
is that the time during which two molecules are within the sphere of 
one anothers’ action is small compared with the time during which 
they are apart, and that consequently the chances of three or more 
molecules being in simultaneous collision is very small. It further 
follows that the character of one kind of collision has no in- 
fluence upon the character of the immediately succeeding collision, 
a condition which is not, however, fulfilled in the sueceeding chatters 
of the chattering collision of elastic solids. Now this essential con- 
dition for the application of the dynamics of a gas to molecules in 
solution is very far indeed from being fulfilled. A molecule is never 
outside the sphere of action of its neighbours. All we know of the 
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magnitudes of the interspaces between molecules in a liquid shows 
that each molecule is within the sphere of action of hundreds, 
probably of thousands, may be of millions, of its neighbours. It is 
probably jostling about with a path for its centre between its jostles 
about one hundredth part as great as iis own diameter. If its centre 
moves at a rate comparable with that of a gaseous molecule, which 
seems probable from the fact that liquid molecules can escape 
through the surface into the surrounding gas, the molecule would 
bang about in its confined spave, making nearly 10“ bangs per 
second, and these vibrations would be quite comparable with those 
of heat radiations, and the concomitant vibration of the atom may 
be a large part of the source of ordinary heat radiation of solids 
and liquids. In the case of a gas the external virial is large and the 
internal is small and negligible, in the case of a liquid it is exactly 
the reverse, the external virial is small and negligible, and the in- 
ternal large and important. The dynamical theory of a medium 
composed of molecules which can only jostle about through distances 
about a hundredth part of their diameter, is evidently essentially 
different from that of one in which the molecules describe free paths 
thousands of times the molecular diameter. 

The theory of semi-permeable diaphragms is in a very doubtful 
state. They are often spoken of as if they were sieves, and as if the 
forces between them and the substance in solution were unimportant. 
A consideration of the relative behaviour of the only really effective 
semi-permeable diaphragm known with that of the solid diaphragms 
shows that there are some important differences. The surface of a 
liquid with a non-volatile salt in solution is a perfect semi-permeable 
diaphragm. Water molecules can and do get through quite freely, 
but molecules of the solvee cannot. Now the presence cf these non- 
volatile molecules in the surface certainly prevents the egress, but 
either does not prevent the ingress, or possibly facilitates the ingress. 
of the volatile molecules. We know this, because the presence of the 
colvee reduces the vapour pressure. On the other hand, the whole 
theory of osmotic pressure assumes that the presence of the body in 
solution produces no effect, or the same effect on the ingress and 
egress of the molecules of the solvent. It is, no doubt, a most 
remarkable thing that osmotic pressure should be even roughly the 
same as what would be produced by the molecules of the body in 
solution if in the gaseous state, but to imply that the dynamical 
theory uf the two is at ull the same, or that the dynamical theory of 
a gas is in any sense au explanation of the law of osmotic pressures is 
not at all in accordance with what is generally meant by the word 
“explanation.” These osmotic pressures are much more closely con- 
nected with Laplace’s internal pressure in a liquid which is essentially 
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dependent on the forces between tlie molecules than with the pressure 
of a gas which is essentially almost independent of the.forces between 
the molecules. The existing dynamical theory of a liquid shows that 
the molecules are kept apart by the mutual jostling of the molecules, 
and that the dynamical pressure of this jostling must be equivalent 
to the Laplacian pressure pulling them together. When we make a 
rough calculation we find that molecules going with velocities 
approaching those of gaseous molecules, and jostling about in the 
narrow interstices between molecules that have been already men- 
tioned, would produce pressures comparable with those that have 
been calculated for the Laplacian pressure. Hence we conclude that 
although the dynamical conditions in the liquid are so very different 
from those in a gas, nevertheless, the two methods of calculating 
these internal pressures from the mutual jostlings that keep the 
molecules apart and from the attractive forces that keep them 
together lead to very much the same result, and that the velocity of 
motion of the centres of the jostling molecules may be of somewhat 
the same magnitude as that of the same material if it were in the 
state of a gas. It must be seen from this how the coincidence of 
these two ways of considering the same question is no matter of 
accident, but depends on the theory that it is the mutual kinetic 
jostling of the molecules against one another that keeps them apart. 
Hence we need not be surprised if the thecry of osmotic pressure has 
a dynamical aspect from the point of view of attractions between the 
membrane and the water, the water and the body in solution, and the 
body in solution, and the membrane. There must be some dynamical 
reason why the solvent gets through the membrane while the body in 
solution does not. It must be due to what may be described as 
capillary forces between the solid and the molecules of the solvent. 
There is no sufficient reason for supposing that the membrane 
acts merely as a sieve. Calculations have been made, founded 
on the assumption that the membrane acts like a number of fine 
tubes of molecular dimensions, and that the capillarity of the solu- 
tion differed from that of the solvent in contact with the walls 
of these tubes. Upon the supposition that the tubes are of 
molecular sizes, the observed osmotic pressures can thus be explained 
by possible capillary differences. That there is a direct relation 
between the osmotic pressure and capillarity can be shown by causing 
capillarity to raise a solvent so high in a fine tube that the vapour 
pressure at its concave upper surface is the same as that of the salt 
solution, when it is readily seen that this height is that producing 
osmotic pressure. By means of a fine mesh, that the solution does 
not wet, the converse experiment, is possible, namely, to have the sur- 
face of the solution so convex that the vapour pressure ncar it is the 
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same as near a flat surface of the solvent. These diaphragms, made 
of an ordinary porous material, with the only known perfect semi- 
permeable surface, namely, the surface of the liquid itself, kept by 
eapillarity in its pores, prove the theoretical possibility of semi- 
permeable diaphragms in all cases where the body in solution is 
non-volatile, and enable us to discuss the theory of their working 
more satisfactorily than when dealing with semi-permeable diaphragms 
whose modus operandi is uncertain, or, at least, matter of dispute. 
These perfect semi- permeable diaphragms enable us to apply thermo- 
dynamics with confidence to calculate osmotic pressure. They enable 
us to calculate what is taking place at each point and to be sure that 
osmotic pressures thus calculated are not dependent on some unknown 
function of the diaphragm itself. We may, then, be pretty sure that, 
at least approximately, osmotic pressure is nearly equal to the vapour 
pressure of the solvee, because that is approximately the result 
deduced from observations on the vapour pressure of solutions. At 
the same time our attention is attracted by the dependence of the 
whole phenomenon on capillary phenomena. We naturally ask such 
questions as whether the vapour pressure near a newly made surface 
is the same as near an old surface. It is known that the capillarity 
of a newly formed surface differs {ntsome cases from that of an old 
one. Jt is known that there are cases in which the solvee is concen- 


trated into the superficial layer, and there are means for approximately 
calculating how far this is the case. One would naturally expect 
that the vapour pressure near this concentrated surface layer might 
be quite different from that near a newly formed surface layer which 
had not had time to concentrate the solvee into it. Which of these 
vapour pressures is the one from which we ought to calculate osmotic 


pressure ? 

That osmotic pressure is proportional to the numbers of active 
molecules is not particularly remarkable. When small changes are 
made, the effect is generally proportional to the amount of change. 
{t is, however, very remarkable that the amount of osmotic pressure 
can be even approximately calculated from the gaseous pressure that 
would be produced by these same molecules if they alone occupied 
the whole space filled by the solution. The molecules have not got all 
this space to move about in. They can only move about in the 
interstices between the other molecules which we have every reason 
to think coustitute only a very small part of the whole volume. 
From the rate of diffusion of a salt in solution we know that its 
molecules do not go about as if they passed freely through the water 
molecules. It is evident that the simplest theory of what would be 
the effect of substituting for a certain number of water molecules a 
certain number of other molecules must include a consideration of 
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their relative attractions and sizes, and the resultant change in the 
space available for jostling, to say nothing of such additional com- 
plications as direct chemical combination between the two. ‘his 
latter seems to be the complicating cause in electrolytic solutions in 
which each of the molecular components of the salt molecule pro- 
duces its separate effect. If that effect be due to pressures exeried 
by each component banging about independently of the other, a very 
moderate amount of independence of the two components on one 
another would enable them to bang about independently in the 
extremely narrow interstices within which they are confined. That 
they can thus independently produce pressure only lends a very 
moderate amount of confirmation to the theory that these ions are 
quite independent as pais. Possibly the mere substitution of an 
inverse square law of action between the ions for some other law of 
action between particular points on each, would be quite sufficient to 
account for the independence observed. This suggestion is founded 
on the supposition that the action of an ionising solvent is to sub- 
stitute electrical attractions for the more complex chemical attractions 
which act between molecules. The difficulty of gaseous thermo- 
dynamic theory is to explain how two atoms can be sutliciently firmly 
fixed together not to have independent motion, rather than to account 
for this independence. According to this suggestion, the special 
forces on ions would be electrical oues, and from the known instability 
of bodies subject to forces varyiug inversely as the square of the 
distance, we might naturally expect a continual interchange of 
partners to be taking place. This, of course, does not assume that 
there are no other forces in the liquid than electrical ones. I have 
already called attention to this necessary consequence of any theory 
that deals with molecules as even approximately statical systems. 
What it does assume is that in dilute solutions these other forces are 
so symmetrically distributed that they do not produce stable equi- 
librium within the liquid. The principal difficulty in explaining how 
sufficient interchange of partners can take place is in explaining the 
apparently very great independence required by such results as that 
the velocities of the ions are functions of themselves alone and inde- 
pendent of those to which they are attached. This difficulty would 
be largely got over by assuming that in solution the ions are quite as 
much attached to the elements of the solvent as to one another, 
because then the interchanges that take place will be almost always 
interchanges amongst molecules of the solvent, and only very seldom 
amongst the very iare molecules of the solvee. It is almost impossible 
to explain dynamically the supposition that free ions with their 
electrical charges are meandering about in the liquid in a condition 
that can be at all rightly called dissociated. The term “ dissociated” 
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should be confined to a condition in which the components of a 
molecule are not connected by any chemical bonds at all. In that 
case they can diffuse freely and independently through porous 
diaphragms. Hence the possibility of this independent diffusion is 
the simple and necessary test of the independence of the components 
which can rightly be called dissociation. In an electrolyte there is 
not this independence. ‘I'he component ions cannot diffuse inde- 
pendently through porous diaphragms. There is the acknowledged 
electrical force between the various oppositely charged ions, instead 
of their being free from one another. In even very dilute solutions 
this force is very considerable. If we assume that a negatively 
charged ion is exactly half way between two positively charged ones 
of course the forces on it are balanced, but if we suppose it as little 
as 1 per cent. nearer one than the other it becomes subject to a force 
of 400,000 volts per cm., drawing it to the nearer electron. This at 
once illustrates the instability of such a condition as that described 
by saying merely that these charged ious are moving about inde- 
pendently in the liquid. Without some other important actions 
existing at the same time such a condition is dynamically impossible, 
and although to consider the matter from this point of view may help 
us very much, because it gives us a rough and ready analogy to work 
on, yet there is great danger that it may stop important advances by 
an illusive appearance of explanation. In just this way the emissive 
and elastic solid theories of light and the caloric theory of heat gave 
apparent explanations of optical and heat phenomena which helped for 
a long time in advancing these sciences. But these same theories, 
by being upheld, ofter they had been conclusively shown to be inadequate, 
were great stumbling blocks in the way of further advances. 

A good deal of importance has been attached, aud rightly attached, 
to the fact, that the heat produced by the neutralisation of dilute 
alkalis by dilute acids is the same as that due to the combination of 
H and OH. This is certainly a most remarkable fact, but to con- 
centrate attention on it, as if the statement that ions in solution are 
dissociated, took away all the difficulty surrounding the matter, 
obscures a very important question, namely, why is there then so 
little heat absorbed when the ions are dissociated by going into sulu- 
tion? It has been proposed to explain this by various suggestions 
which do little more than re-state tle facts in some other form, and 
call for new properties of ions specially invented to suit the circum- 
stances, which remind one very much of the ingeniously invented 
properties of light corpuscles that were, one by one, superadded in 
order to explain optical phenomena. 

One way, that depends on a known cause, by which solvents may 
produce ionisation, is by diminishing electrical actions by their high 
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specific inductive capacity. There scems a good deal of reason for 
this supposition. High specific inductive capacity in a material can 
hardly mean anything else than that its molecules can have electrical 
cbarges easily produced on them at a considerable distance apart. A 
considerable distance apart, of course, means considerable, compared 
with the distance apart cf charges on molecules generally, which 
seems to be often a very small part (about one hundredth) of the 
molecular diameter. This follows from considering that the work 
done in the combination of H and Cl may be mostly due to the 
attraction of electrons. It is comparatively easy to calculate at most 
how far apart these electrons can be in order that the known amount 
of work done in combination may be produced by their approach. 
When we do so, we find that the electrons must be jammed up quite 
close together. This is yvile accordant with what we know of their 
independence from spectral observations on molecules; but it at the 
same time shows how very much work must be done in order to 
separate them to even the thickness of a molecule apart. In separat- 
ing them to a hundred times their former distance one does 99 per 
cent. of the work that would be done in separating them altogether. 
Why is there not an enormous absorption of heat due to solution ¢ 
The suggestion mentioned is that the presence of a body of high 
specific inductive capacity, like water, very much diminishes the 
force of attraction between the electrons by providing, what come to 
the same thing, as induced electrons in the water molecules to help 
in drawing those in the salt apart. This is an excellent suggestion ; 
but is it not really the very same thing, under another guise, as 
stating that it is by chemical combination with the water that the 
salt has conferred upon it the property of exchanging partners ? 
What are these electric charges supposed to be induced on the water 
molecules, but electrons thereon ? and what is the attraction of elec- 
trons among molecules but another name for one form of chemical 
combination? All this hangs together, but it lends no support at 
all to the dynamically impossible theory that the ions are free. What 
it suggests is that this so-called freedom is due to their being in 
complete bondage with the solvent. That atoms or molecular groups 
within a molecule often can and do exchange places is quite in accord- 
ance with chemical phenomena. That they should do so of their own 
accord when the molecules are arranged in a particular way is also quite 
in accord with such phenomena as crystallisation where the molecules, 
of their own accord, arrange themselves into the crystalline form, if 
they are first polarised by near approach to the surfaces of a crystal, 
but not otherwise, as is evident from the well-known phenomena of 
supersaturation. These crystalline forces are able not only to arrange 
the mclecules in the solution, but to move massive crystals, and it is 
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an importaut matter for investigation whether they are simply 
electrical or of the more complex type of chemical action. This is 
perhaps the simplest example of so-called catalytic actions where 
change is induced by the presence of a material which itself is 
unchanged, and shows the extensive applicability of the general 
principle that chemical changes depend upon particular arrange- 
ments existing, and go on of their own accord so long as the arrang- 
ing power exists. It is conceded that electrolysis and its conse- 
quences can be explained by this hypothesis, and the only outstanding 
phenomenon that does not obviously come under this explanation is 
that of why osmotic pressure is the same, cr approximately the same, 
as the gaseous pressure of the same number of molecules and which 
is supposed to be “ explained” by saying that the molecules in the 
solution are free. This so-called explanation is, however, as I have 
already pointed out, not a dynamical explanation at all, it is only a 
very far-fetched dynamical analogy. Thus this supposed advantage 
of the free ion theory is not only illusory but misleading. 

Helmholtz has called special attention to the superficial electrical 
layers produced at the contact interface of different materials. He 
worked at it in connection with electrical endosmose. The whole 
subject is replete with interest. We want to know more about this 
attraction of matter for electricity. To suppose that this is electrical 
itself is illusory. It would require another force to keep on this 
permanent electrical charge; and, besides, in our present condition 
of semistatical explanation of nature, we must postulate forces that 
vary according to other laws than the inverse square of the distance 
in order to produce stability. That there are these superficial actions, 
which are partly electrical, is beyond doubt. That these electrical 
layers must produce effects on capillarity is unquestionable. That 
the forces between bodies in contact are affected by them must be the 
case. That energy is involved in producing and destroying these 
electrical layers must be. But, how much? Is the great question in 
all these cases. Is the electrical force the most important one 
acting? Is it the one that pulls hardest? Is it the one upon which 
most work is done? Is it the one that controis, for instance, the 
heat produced when insoluble powders are mixed with water? Are 
the already mentioned superficial crystalline forces that polarise a 
solution and cause molecules to arrange themselves upon its surface ; 
are these mainly electrical? Conversely, are the forces that cause 
solution mainly electrical? The cause of solubility is very imper- 
fectly understood. May we not hope that by following up Helmholtz’s 
investigations of these superficial layers we may discover the causes 
of solution. The way seems also open for investigating the causes of 
other catalytic actions, and thus, possibly, of chemical action in 
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general, which may depend essentially on snitable arrangements of 
molecules. The capture of a comet by the solar system depends 
on a suitable arrangement of the planets. By suitably arranged 
approaches a set of stars may either stop the relative motion of one 
of their number so as to cause a resulting binary system, or may 
confer upon one of their number a velocity such as that of 1831, 
Groombridge, which, unless it meet with suitable circumstances, 
will peg away to infinity, as it cannot be stopped by the general 
attraction of those it is leaving. Two stars coming from a distance 
will in general recede to the same distance, but two systems of 
stars need not all do so. After collision there may be re-arrange- 
ments of components. Similarly, the approach of two simple systems 
would in general lead to these receding again into the condition 
from which they came, while the presence of a third system to 
absorb or re-arrange the energy and moment of momentum of the 
approaching systems might enable the last state of the systems to 
differ essentially from that from which they came. 

The whole question of the nature and existence of these forces 
and their connection with electrical forces, is of the very greatest 
interest. We may hope that ultimately all forces may be explicable 
by a kinetic theory of nature, but, so long as no satisfactory theory 
of the ether exists that explains the very simple electro-magnetic 
laws, we can hardly expect anything more than rongh analogies in 
explanation, or rather illustration, of other causes for these more 
complex chemic actions. The actions of a medium, like a perfect 
liquid in intense vortical motion, are capable of illustrating these 
actions. In the first place, there are possible actions such as those 
of one vortex on another which are not propagated from place to 
place, but ure due to every vortex, in a sense, occupying all space, 
and each acting on the other simultaneous'y everywhere. Each 
changes the other by a simultaneous action everywhere; there is in 
such actions no question of propagation. Such actions in a liquid 
seem to best illustrate gravitation. It is not pretended, of course, 
that any theory of the nature of the turbulent motion or of matter 
has yet been invented which would lead to the known laws of 
gravitation. All that is suggested is that in some action of this 
kind we may look for an explanation of gravitation, and that in the 
meanwhile these actions in a liquid are a rough illustration of how 
actions may exist for which we have no eyidence of any propagation. 
A second class of action of a turbulent liquid is that due to different 
kinds of polarisation of its motion. Such, for instance, as that vortex 
filaments are concentrated in various places, or move through the 
liquid in various directions. There is every reason for believing that 
such actions would be propagated from place to place with a velocity. 
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depending on the energy per unit volume of the turbulency of the 
liquid. Such actions, due to polarisation of the motion in bulk, can 
be made to illustrate electro-magnetic actions in a wonderfully satis- 
factory way. Besides these two, there are the possible movements of 
such things as vortex rings, vortex spheres, and, in general, closed 
vortices, through the medium. These illustrate for us matter with 
its molecular structure. But besides these two, there are effects that 
may be due to the crinkling and waving of individual vortex fila- 
ments, to their being distorted from their circular shape of section. 
It is such action as this that may be expected to illustrate the chemic 
forces, and to which one would naturally look for an explanation of 
these actions, more complicated than simple electro-magnetic action. 
The question naturally arises, ‘‘ Can these actions be propagated ?” 
To judge from the analogy, there seems every reason to expect that 
they could. When we look round for any evidence of propagation of 
actions other than the already known sound and light vibrations, we 
find mysterious velocities of propagation of earthquake waves and 
some chemical actions on sensitive silver salts that have not yet been 
explained by known material or electro-magnetic laws. These may, 
of course, be explicable by a combination of known material and 
electro-magnetic action. Ether waves, of lengths comparable with a 
millimeter, may act on molecular groups that are much smaller than 
the length of the wave in a somewhat similar way to that in which 
light waves act on the atoms whose diameter is very much less than 
the lengths of the waves. Vibrations of sound frequencies seem 
capable of helping molecules of iron to set under magnetic force. 
Long ether waves alter the structure of a metallic powder; may 
we not expect some of the enormous range between sound and 
light to disturb chemical equilibrium. Besides the direct propaga- 
tion of light through matter, there may be electro-magnetic actions 
propagated by the joint action of matter and ether. There is evi- 
dence of this in the propagation of cathode rays through solid 
partitions, and an investigation of this and similar cases will, it is 
hoped, decide whether these actions are due to the interaction of 
matter and ether under known electro-magnetic laws, or whether we 
are in presence of a propagation of energy by means of those under- 
lying properties of the ether that seem required to explain fully what 
we know of chemical actions, and which might be called the chemical 
properties of the ether. 

As we then follow out the directions pointed out by Helmholtz’s 
work, we cannot help being impressed with how far ultimate explana- 
tions of nature lead us closer and closer to the conclusion that these 
phenomena of our consciousness are all explicable as differences of 
motion. It is the motion which is imposed upon us. Is there not, 
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then, reason in the suggestion that colour and sound, nay, space, 
time, and substance are functions of our consciousness, produced by 
it under the action of what may be called an external stimulus, and 
that the only part of the phenomenon which essentially corresponds 
to that stimulus is the always pervading motion. And what is the 
inner aspect of motion? In the only place where we can hope to 
answer this question, in our brains, thought is the internal aspect of 
motion. Is it not reasonable to hold, with the great and good Bishop 
Berkeley, that thought underlies all motion. A purely rational 
machine might get on very well through the world without believing 
that other brains than his own had underlying thoughts. It is the 
position of the consistent positivist. To him nature is what others 
would call a consistent dream. Such a position posits nothing that 
is not positively felt. It is consistent, but inhuman. For human 
life we require sympathy and affection. For the highest life we 
require the highest ideal of the Universe to work in. Can any higher 
exist than that, as language is a motion expressing to others our 
thoughts, so Nature is a language expressing thoughts, if we learn 
but to read them. May we not hope that studies of physiological 
actions, of chem‘cal constitution and change, of vortex motion, of 
the laws of matter and ether, may some day enable us to discover the 
motions in our brains underlying sound and light, and smell and 
touch, and pain and pleasure, hate and love. And may we not hope, 
then, to be able to form some dim analogies by which we may divine 
what underlies the much more complex motions of organic nature as 
a whole, and have a scientific basis for investigating what underlies 
the whole sequence of organic evolution. 

And Helmholtz, by his physiological researches, by his chemical 
researches, by his physical researches, by his mathematical researches 
in fluid motion, has advanced mankind by a measurable amount in 
the road to this splendid goal. By his physiological researches we 
are measurably nearer a knowledge of the mechanism by which brain 
motions are affected. By his physical researches we are measurably 
nearer a knowledge of how to apply the doctrine of the conservation 
of energy and thermodynamics to discover a dynamical explanation 
of physical processes. By his cheiical researches we are measurably 
nearer a knowledge of how to apply these same doctrines and electro- 
magnetism to investigate the complex problems of chemical change. 
By his mathematical researches on fluid motion we are measurably 
nearer a knowledge of that simplest form of motion in which the 
postulated properties are so few that it seems almost the only direc- 
tion in which we can hope for a really ultimate dynamical explanation 
of Nature. 

And Helmholtz has gone from us. Let us venerate his name. 
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LX.—Derivutives of Camphoric acid. Part I. 
By Frepericx Stanuty Kippine, Ph.D., D.Sc. 


'uE simple mono-substitution products of camphor, such as a-bromo-, 
a-nitro-, and 2-amido-camphor, are oxidised to camphoric acid, by 
boiling nitric acid, without much difficulty, whereas the halogen and 
nitro- di-substitution products cannot be oxidised, as a rule, under 
ordinary conditions ; for these reasons it is usually assumed that the 
two hydrogen atoms of the -CH,-CO- group are successively dis- 
placed when camphor is converted into any of the ordinary di-deriva- 
tives by direct substitution. 

Whether this be invariably true or not, the fact remains that, in 
consequence of this general behaviour of the best-known substitution 
products of camphor, all attempts to determine the constitution of 
the ketone by oxidising it step by step to simpler compounds, have, 
until quite recently, been necessarily confined to a study of the oxi- 
dation products of camphoric acid; derivatives of this acid, produced 
by the oxidation of substitution products of camphor are not 
known, and the only compounds which have hitherto been prepared 
directly from the acid appear to be w-bromocamphoric anhydride 
and the corresponding chloro-derivative (Aschan, Acta Soc. Scient. 
fenn., 21, [5], 1—227; compare Ber., 1895, 28, Ref. 922). 

In his investigation of the campholenic acids (Ber., 1895, 28, 
1079, 2168), Tiemann has broken entirely new ground and, since the 
products of oxidation of these acids are very different from those of 
camphoric acid, their study has materially increased the store of 
facts on which the constitutional formula of camphor will be ulti- 
mately securely established ; unfortunately, however, the formation 
of the campholenic acids themselves involves reactions which are 
both novel and obscure, and this uncertainty as to the nature of the 
initial products diminishes for the time the theoretical value of the 
results. 

Now the discovery of the z-halogen derivatives of camphor (Kip- 
ping and Pope, Trans., 1895, 67, 371) appeared to offer a possibility 
of obtaining a new series of oxidation products ; these halogen com- 
pounds are produced by simply heating the sulphonic chlorides or 
bromides of camphor and its derivatives at a temperature below 
about 160°, 

CyHyXO°SO.Y = CyoHyXYO + SO, 
(X =H, Cl, or Br; Y= Cl or Br) and, since the compounds thus 
obtained are not identical with the ordinary halogen derivatives of 
the same composition, the 7-atom cannot be situated in the -CH,°CO- 
group of camphor. Of these 7-derivatives, the well-defined az-di- 


VOL. LXIX. , 3 Q 


914 KIPPING: DERIVATIVES OF CAMPHORIC ACID. 


bromocamphor seemed to be the most suited for further investigation, 
more particularly because it is formed from bromocamphorsulphonic 
bromide in practically theoretical quantity, and the sulphonic 
bromide itself is prepared without very much difficulty. 

The first idea was to prepare an unsaturated compound from 
az-dibromocamphor by eliminating the 7-bromine atom as hydrogen 
bromide, and then to submit this product to oxidation ; these experi- 
ments, however, were abandoned owing to the fact that the 7-halogen 
atom resists the action of quinoline, alcoholic potash, &c., in much 
the same way as does the a-atom in ordinary bromocamphor.* It 
thus became necessary to submit az-dibromocamphor itself to the 
action of oxidising agents, and it is an account of work in this 
direction which is now communicated. 

The results, unfortunately, are not of such a nature as to ensure 
the final dismissal of a number of camphoric acid formule which 
have been proposed at different times, and which are still regarded 
with a certain amount of favour; they may, in fact, be explained 
more or less satisfactorily with the aid of one of several of these 
formule. Before proceeding to describe these results, for the clear 
understanding of which the use of some graphic formula is impera- 
tive, the following brief statement may, therefore, be made in 
support of that which is chosen for the purpose. 

The conversion of homocamphoric acid into camphor (Bredt, 
Annalen, 1895, 289, 1) having shown that Collie’s views of the 
relation between camphoric acid and camphor cannot be maintained, 
there remain only three or four formule for camphoric acid, which 
can be considered as at all in accordance with present knowledge, 
namely those of V. Meyer, Armstrong, Bredt, and Tiemann. 


CH, 
C;H ZN CH 
a CH, CH-COOH) = CBr C$ og 
GHG COOH cHyOH OMe-COOH | CH 
- 3° e° C 3 
CH,-COOH .? i <CH, 
CH, CH, CH,-CH:-COOH 
V. Meyer. Armstrong. Bredt. 
C(CH;).—C H-COOH 
H 
CH(CH;): CH-‘COOH 
Tiemann. 
Of these, the first two do not account for the formation of tri- 


* ax-Dibromocamphor is slowly acted on by a boiling methy! alcoholic solution 
of sodium methoxide, giving a crystalline compound; this action is now being in- 
vestigated by Mr. Revis and the author, and the behaviour of a-bromocamphor and 
of other halogen derivatives of camphor is likewise being studied. 
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methylsuccinic acid on oxidising camphoric acid, and they are not 
in other ways so fully in agreement with recent experimental data 
as are those of Bredt and Tiemann. Finally, since Tiemann’s 
formula may be regarded as a modified form of Bredt’s, and, as 
Bredt himself has pointed out (Joc. czt.), the necessity for such modi- 
fication has not been established, Bredt’s formula, in the author’s 
opinion, holds the field. 

Against this formula no really damaging facts have yet been ad- 
vanced. Walker (Trans., 1893, 63, 495) and Noyes (Ber., 1894, 2'7, 
917; 1895, 28, 547), from the results of a study of the campholytic 
acids, have, it is trne, come to conclusions which are not reconcilable 
with Bredt’s formula, but inasmuch as these conclusions are chiefly 
based on the assumption that cycloid unsaturated acids and lactones 
must necessarily behave in exactly the same way as the open-chain 
compounds so carefully studied by Fittig,—an assumption which is 
clearly unsound,—their arguments lose much in importance. This 
is also true with regard to Aschan’s objections which are founded on 
the formation of lauronolic acid from w-bromocamphoric acid. 

Bredt’s formula for camphoric acid is, therefore, adopted in this 
paper, for the reasons already stated, and because it also accouuts in 
a simple and satisfactory manner, and better than other formule, 
for the existence and properties of the various compounds obtained 
in the course of this investigation. 

az-Dibromocamphor is oxidised by boiling nitric acid giving an 
acid of the composition C,H,sBrOQ,, which is named z-bromo- 
camphoric acid, and an a7-dibromo--nitrocamphor of the composition, 
C1oH,sBr,0,°NO,. 

CBr-NO, 
CO 
it 6 eins am-Dibromo-a-nitrocamphor. 
por COOH 


C,H,,Br< 


an-Dibromocamphor. ™ C,H,;Br< COOH 


«-Bromocamphoric acid. 


This behaviour is clearly analogous to that of «-bromocamphor, 
which, under similar conditions, yields camphoric acid and a-bromo- 
nitrocamphor. The results of the investigation of the dibromonitro- 
compound have recently been recorded by Dr. Lapworth and the 
author (Trans., 1896, 69, 304). 

7-Bromocamphorie acid, an isomeride of w-bromocamphoric acid 
(Trans., 1896, 59, 61), is a simple bromo-substitution product of 
ordinary d-camphoric acid, since it yields the latter on reduction 
with zinc dust and acetic acid ; it is dextrorotatory, the introduction 
of the z-bromine atom into the eamphoric acid molecule having pro- 
duced very little change in the specific rotation; like w-bromocam- 
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phoric acid, it is very easily converted into a well-defined anhydride, 
CoH sBrOs. 

Although the z-bromine atom in az7-dibromocamphor is so firmly 
held, this same bromine atom in z-bromocamphoric acid can be 
eliminated with the greatest ease; when an aqueous solution of the 
sodium salt of the acid is boiled, sodium bromide is formed, together 
with the sodium salt of an acid of the composition CjH,,0,. 

This acid is isomeric with w-camphanic acid,* and is a saturated 
compound; its method of formation and its properties show, that 
like w-camphanic acid, it contains a lactone ring and a carboxyl group. 
For these reasons, and also to avoid the necessity of coining a new 
trivial name, this substance is called trans-r-camphanic acid; it is 
derived from a trans-r-hydroxycamphoric acid, just as ordinary 
w-camphanic acid is derived from the as yet unknown w-hydroxy- 
camphoric acid, corresponding with w-bromocamphoric acid. 


CH:-C<cooH CH:-C< COOH 
| | -CHBe | CH 
| SCH; | SCH; 
~H > 
CHrC<cooH av O<00-0 
«x-Bromocamphoric acid. trans-x-Camphanic acid. 
o-C< COOH CH-C< G97 
CH CH 
| ?Scu, | "SCH 
a OH,-0<C00H 
w-Bromocamphoric acid. w-Camphanic acid. 


trans-r-Camphanic acid crystallises in transparent prisms, and is 
dextrorotatory ; its amide, C,H,30,,CO-NH:, prepared by treating 
methylic 7-bromocamphorate with ammonia, crystallises in colourless 
octahedra. 

trans-7-Camphanic acid is, in some respects, comparatively unstable, 
and when it is boiled with excess of an aqueous alkali, it is rapidly 
converted into a salt of trans-7-hydroxycamphoric acid, the lactone 
ring undergoing hydrolysis. 

The trans-r-hydroxycamphoric acid, CjH,.0;, obtained from this 
salt is a crystalline dicarboxylic acid, readily soluble in water, and, 


* In order to avoid ambiguity in referring to the structurally isomeric camphanic 
acids now known, that obtained from Wreden’s bromocamphoric anhydride is 
named w-camphanic acid (compare Trans., 1896, 59, 61); the letter w is also used 
in other cases to distinguish any substituent which is in the position occupied by 
the bromine atom in w-bromocamphoric anhydride. 
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like trans-r-camphanic acid, it is dextrorotatory; it shows no 
tendency to pass again into a lactonic acid with loss of the elements 
of water. This last fact might be interpreted as showing that the 
m-hydroxyl group cannot be in the y-position relatively to either of 
the carboxyl groups; such a conclusion, however, would hardly be 
warranted, and that it would be false is proved by the facts stated 
later. The presence of a hydroxyl group in the acid in question is 
shown by the formation of z-acetoxycamphoric anhydride, 


AcO-C.Hi<GQ>0 ; 


this acetyl derivative crystallises in monosymmetric plates, and seems 
to be dimorphous. 

When trans-7-hydroxycamphoric acid is distilled under atmospheric 
pressure, it yields small quantities of a neutral lacto-anhydride, 
O2H2.0;, but the principal product is a crystalline saturated acid of 
the composition C,H,,0,;. This acid is, therefore, isomeric with trans- 
w-camphanic acid, and, like the latter, it is a lactone as well as a 
monocarboxylic acid. Nevertheless, the two isomerides differ in 
properties in a very striking manner; whereas the lactone ring in 
trans-r-camphanic acid is readily hydrolysed by alkalis, as already 
stated, and even by hot mineral acids, the z-hydroxy-acid being 
formed, the isomeride is precipitated unchanged on acidifying its 
solution in strong potash, even after this solution has been boiled. 
On fusion with potash, however, this stable isomeride is converted 
into trans-7-hydroxycamphoric acid. 

Now unless, during distillation, t/ans-7-hydroxycamphoric acid 
undergoes some change in structure which is exactly reversed on 
fusing the more stable lactonic acid with potash, an assumption 
which is highly improbable, it must be concluded that both these 
lactonic acids are derived from, structurally, one and the same 
m-hydroxycamphoric acid. There are, therefore, two possibilities : 
firstly, since the hydroxy-acid contains two carboxyl groups, the 
isomerism of the two lactones might be structural, the elimination of 
the elements of water taking place in different ways in the two cases ; 
secondly, the isomerism might be due to a difference in configuration 
such as is met with in the case of the camphoric acids themselves, 
and in that of other camphor derivatives. 

The first alternative seems highly improbable. On boiling an 
aqueous solution of sodium z-bromocamphorate, the carboxyl group 
which, structurally and stereochemically is in the more favourable 
position, would take part in lactone formation, and the lactonic acid 
which would thus be formed, either as sole or as principal product, 
would be the more stable of the two structural isomerides in question ; 
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but trans-7-camphanic acid, the substance actually formed under these 
conditions, is by far the less stable of the two, and therefore this 
alternative must be dismissed. 

Further, since the position of the hydroxy-group in trans-7-hydroxy- 
camphoric acid is either structurally or stereochemically not very 
favourable to lactone formation, whereas it is so in the structurally 
identical 7z-hydroxy-acid from which the stable lactonic acid is 
derived, it follows that the two isomerides in question differ in con- 
Jiguration only, and are respectively derived from trans- and cis- 
modifications of z-hydroxycamphoric acid, as represented in the fol- 
lowing formule. 


oF “COOH CH O<CoOH 

.-CH,- CH,— 

) SCH, | | SCH, | 
cH,-c<i OH-0<0-° 

trans-x-Camphanic acid. cis-r-Camphanic acid. 


In accordance with this view, the unstable lactonic acid has 
already been named trans-r-camphanic acid to distinguish it from 
the stable isomeride, which will be referred to as cis-7-camphanic 
acid. 

Judging from the behaviour of the camphoric acids, which are 
known to undergo stereoisomeric change very readily (compare 
Aschan, loc. cit.), it is probably the carboxyl and not the -CH,,OH 
group, which changes its position in the conversion of the 7-cam- 
phanic acids one into the other; in other words, trans-7-camphanic 
acid and trans-7-hydroxycamphoric acid are probably stereochemically 
as well as structurally derived from ordinary cis-d-camphoric acid, 
and not from the trans-isomeride (isocamphoric acid). Notwithstand- 
ing this probability, it seems better to use the prefixes cis- and trans- 
in the sense already adopted, as in the case of these z-derivatives 
they apply to the position of the 7-substituent relatively to one of the 
carboxyl groups. As indicated in the above formule, it is probably 
the carboxyl group nearer to the w-hydrogen atom which takes part 
in the formation of the lactone ring, as will appear from the results 
to be described later. 

cis-r-Camphanic acid can be obtained by various methods besides 
that already mentioned, as, for example, by distilling the trans- 
isomeride under atmospheric pressure; it is also formed when 
m-bromocamphoric acid is heated with quinoline or with hydrobromic 
acid. cis-r-Camphanic acid is an unusually interesting substance in 
many ways; it separates from solvents in a great variety of beautiful 
and characteristic crystalline habits, and is easily obtained in well- 
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defined crystals. Unlike the trans-isomeride, which is feebly dextro. 
rotatory, it is strongly levorotatory in solution; it also shows circular 
polarisation in the solid state. In some respects, c’s-7-camphanic 
acid resembles the isocamphanic acid described by Reyher (Inaug. 
Dissert., Leipzig, 1891), but the two substances are not identical. 
Methylic cis-%-camphanate, CyH,;0.,COOMe, and cis-x-camphanic 
anhydride are described; cis-7-hydroxycamphoric acid, apparently, 
does not exist under ordinary conditions, but immediately passes into 
its lactone when set free from its salts, 

The cis- and trans-modifications of 7-camphanic acid show an 
extraordinary difference in behaviour towards oxidising agents 
generally. The cis-acid seems to be unaltered by boiling concen- 
trated nitric acid, and it is only very slowly oxidised by a boiling 
solution of chromic acid, or by a boiling alkaline solution of potassium 
permanganate ; when treated with the last named agent, it yields a 
w-hydroxy-cis-7-camphanic acid, CjH,O;, which is a lactonic mono- 
carboxylic acid derived from a wz-dihydroxycamphoric acid, CyHyO., 
the formation of which is doubtless due to the oxidation of a tertiary 
hydrogen atom to hydroxyl. 

.-CH,; 
CH O< 06m 

.-CH,OH 

| SCH 
OH,-0< C008 
w-Hydroxy-cis-r-camphanic acid. w2-Dihydroxycamphoric acid. 


This w-hydroxy-z-camphanic acid doubtless contains the same 
lactone ring as cis-7-camphanic acid, the hydroxyl group oceupying 
the position of the bromine atom in w-bromocamphoric acid, as indi- 
cated in the formule (compare Proc., 1895, 211). 

w-Hydroxy-cis-7-camphanic acid dissolves freely in water, but is 
less soluble and crystallises more readily than 7-hydroxycamphoric 
acid ; when heated with acetyl chloride, it gives w-acetory-cis-7-cam- 
phanic acid, AcO-C,H,,0,,COOH, a well-defined crystalline substance, 
and a small quantity of a neutral compound, possibly an anhydride of 
the acetoxy-acid. The fact that the w-hydroxy-acid is not converted 
into a neutral dilactone, C\H,,O,, under these conditions cannot be 
regarded as throwing any light on the structural position of the 
hydroxyl relatively to the free carboxyl group, the case of the isomeric 
m-camphanic acids having shown that lactone formation may be 
rendered very difficult by unsuitable configuration alone. The great 
stability of w-hydroxy-cis-7-camphanic acid frustrated ali endeavours 
to oxidise it. 

trans-7-Camphanic acid, unlike the cis-acid, is readily oxidised by 
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nitric acid, and, under suitable conditions, is converted almost quanti- 
tatively into a beautiful crystalline compound of the composition 
CyH,O.; analyses of this product, of its silver salt, and of its 
anhydride show it to be a tricarboxylic acid, and it is named trans- 
camphotricarboxylic acid. 

trans-Camphotricarboxylic acid, C,H,,0., is also produced when 
trans-7-hydroxycamphoric acid, CyH.O;, is oxidised with nitric 
acid, so that evidently its formation from trans-7-camphanic acid 
is preceded or accompanied by hydrolysis of the lactone ring; in 
both cases, therefore, the process really consists in the substitution of 
one atom of oxygen for two atoms of hydrogen. 

Considering the origin and nature of the substances eoncerned, 
this at first sight appears to be a remarkable reaction; as already 
indicated in the above formuls, however, it is easily explained in the 
following manner. If it be assumed that in the sulphonation of a-bromo- 
camphor (and of camphor also) the sulphonic group displaces an atom 
of hydrogen from a methyl group, then the 7-bromine atom (which 
comes from the —SO,Br group) is a constituent of a -CH,Br group, 
and z-hydroxycamphoric acid is a primary alcohol, as well as a 
dicarboxylic acid. Hence in the oxidation of this 7-hydroxy-acid, 
the primary alcohol group -CH,-OH merely undergoes the normal 
change, and is converted into carboxyl, probably with formation of 
an aldehyde as an intermediate product. 

Unless this view be accepted, it is impossible to explain the forma- 
tion of trans-camphotricarboxylic acid except by assuming that what 
is apparently a simple process of oxidation is in reality a complex 
reaction, in the course of which a 6-carbon ring is converted into a 
5, ora 5 into a 4, by oxidation and subsequent ring formation, as 
indicated in the following scheme. 


—bn 


\CH-OH + 20 + H,0 = / \COOH + H,0 =| 
~C-OH 


weg 
“w~ 


Against such an assumption it may be urged, firstly, that the con- 
version of trans-7-camphanic acid into trans-camphotricarboxylic 
acid takes place almost quantitatively, no other product being formed 
in quantities sufficient for its detection. Secondly, that the same 
change is brought about by oxidising agents other than nitric acid, 
as, for example, by chromic acid and by bromine in presence of 
water, Thirdly, that there is some evidence of the formation of an 
aldehyde as an intermediate product. Fourthly, that accepting the 
formula for camphoric acid which appears to be most in accordance 
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with facts, the assumed change would involve the conversion of a 
penta- into a tetra-methylene ring, which in itself is very improbable 
under the conditions. 

It must be concluded, therefore, thut 7-hydroxycamphoric acid con- 
tains the group —CH,°OH, and that the z-substituent in ali these 
compounds has displaced hydrogen from a methy! group. 

Now trans-camphotricarboxylic acid passes into its anhydride 
when it is heated at about 200°, and it does not lose carbonic 
anhydride when its aqueous solution is heated at 250°; it follows, 
therefore, that the three carboxyl groups in the acid are all united 
with different carbon atoms, and consequently also the -CH,-OH 
group in -hydroxycamphoric acid is not combined with carbon, 
which already carries one of the carboxyl groups in camphoric acid. 

In accordance with this conclusion, the constitution of trans- 
camphotricarboxylic acid may be represented by the formula, 

CH, 
CH:-C<Co0H 


|, -COOH 
SCH; 


CH-C<Go0H 


and, as will be evident, the position assigned to the substituted 
methyl group in all the foregoing formule rests on the same basis. 

trans-Camphotricarboxylic acid crystallises from water in massive, 
hexagonal pyramids, and is dextrorotatory in solution, a fact which 
indicates its relation to trans- rather than to cis-7-camphanic acid. 
It is an extraordinarily stable substance, and up to the present it 
has resisted all the efforts which have been made to oxidise it by suc- 
cessive stages : on prolonged treatment with potassium permanganate, 
it yields small quantities of oxalic acid. 

trans-Camphotricarboxylic anhydride, CyH,.0;, forms well-defined 
crystals, and has the properties of a carboxylic acid as well as those 
of an anhydride. Since, of the three carboxyl groups in camphotri- 
carboxylic acid, the two which are already contained in camphoric 
acid very readily enter into anhydride formation, it may be taken for 
granted that the same two do so in the case of this compound. 

The only derivatives of trans-camphotricarhoxylic acid which have 
been prepared from it by substitution are two isomeric compounds of 
the composition C,H,,0,. These substances are formed when a 
mixture of the tricarboxylic acid and amorphous phosphorus is 
heated with bromine at 100°, and the product then warmed with 
water. The method of formation shows that they are both derived 
from a hydroxycamphotricarboxylic acid of the composition CyH,O; 
‘with elimination of one molecule of water. 
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One of these substances, which may be referred to as the A-lactone, 
appears to be the primary product; the other, which is henceforth 
called the y-lactone, is formed when the f-lactone is boiled with 
water, or heated with excess of aqueous alkali and the solution 
acidified. Respecting the formule by which these substances may 
be represented, there is, in the first place, the fact that one of the 
hydrogen atoms in the molecule of camphoric acid and of z-bromo- 
camphoric acid is known to be displaceable by bromine, giving 
rise to w-bromocamphoric anhydride and zw-dibromocamphoric 
anhydride (Proc., 1895, 211); further, it is very probable that it 
is this particular, probably a tertiary hydrogen atom, which is 
oxidised to hydroxyl in the conversion of cis-7-camphanic acid into 
w-hydroxy-cis-7-camphanic acid. Moreover, since trans-camphotri- 
carboxylic acid still contains this particular w-hydrogen atom it may 
be assumed with some confidence that the two lactones in question 
are derived from a w-hydroxycamphotricarboxylic acid, which may be 
represented by the formula, 

CH-C<COoH 
| | cooH 
| SCH 
On,-U<bo™ 

As to the lactones themselves, for obvious reasons it is impossible 
with the facts at disposal to attempt to put forward constitutional 
formule. One fact bearing on this question may be mentioned, how- 
ever, namely, that the y-lactone is not altered when it is boiled with 
acetyl chloride for some time; since trans-camphotricarboxylic acid 
is readily converted into its anhydride under these conditions, the 
non-formation of an anhydride from the q-lactone might be inter- 
preted as showing that the carboxyl group, to which the hydroxy] is 
in the y-position (in the above formula) has taken part in the lactone 
formation. Although this is merely speculation, the two substances 
have been called A- and y-lactones respectively on these grounds, 
simply for want of a better means of distinguishing them by name. 

The f-lactone of w-hydroxycamphotricarboxylic acid crystallises in 
six-sided plates which are probably orthorhombic and sphenoidally 
hemihedral. The y-lactone crystallises in prisins, and is much more 
readily soluble in water than the isomeride; like the tricarboxylic 
acid from which it is prepared, it is extremely stable towards oxi- 
dising agents. 

Although it was found impossible to oxidise cis-r-camphanic acid 
directly to a tricarboxylic acid in a manner similar to that in which 
trans-7-camphanic acid may be converted into trans-camphotricarb- 
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oxylic acid, an isomeride of the last-named compound is easily 
obtained by other methods; when, for example, the trans-tricarb- 
oxylic acid is strongly heated, it is partially transformed into cis- 
camphotricarboxylic anhydride, a change recalling that of trans- into 
cis-r-camphanic acid; the cis-anhydride is also formed when the 
trans-tricarboxylic acid is heated with concentrated sulphuric acid. 

cis-Camphotricarboxylic acid, CH Os, is formed when the trans- 
isomeride is fused with potash, and under these conditions the con- 
version appears to be complete, which is the more noteworthy since 
under similar conditions cis-camphanic acid is converted into trans- 
7-hydroxycamphoric acid. 

cis-Camphotricarboxylic acid resembles its isomeride in ordinary 
properties, and separates from water in magnificent transparent 
prisms which contain water of crystallisation; when heated it is 
readily converted into its anhydride, CjoH.,0;, without melting. It 
is not oxidised by nitric acid, and its behaviour towards alkaline 
potassium permanganate is analogous to that of its isomeride. 

The relationship between the more important compounds which 
have now been referred to is shown in the table. 

As will be evident from what has already been stated, one of the main 
objects of this work has, so far, been defeated owing to the extraordinary 
stability of many of the compounds which have been examined. 
Camphoric acid itself is, no doubt, very difficult to oxidise, but in 
this respect it is certainly surpassed by some of these z-derivatives, 
which seem to be as resistent as the saturated compounds derived 
from hexamethylene; to assume that this behaviour is inconsistent 
with the view that camphoric acid contains a closed chain of five 
carbon atoms would, of course, be absurd, since at present there is no 
evidence to show that pentamethylene derivatives are less stable than 
those of hexamethylene. 

Many of the compounds prepared in the course of this work, like 
most of the z-derivatives previously described (Kipping and Pope, 
Trans., 1895, 6'7, 371) have been obtained in crystals of exceptional 
beauty, and their crystallographic properties have been examined by 
Mr. W. J. Pope, Instructor of Crystallography in this College; some 
of the results of his investigations are recorded in this paper, to which 
they add much in interest and importance, and the author desires 
here to express his indebtedness tu his colleague for the work which 
he so kindly undertook. 

The crystallographic and optical properties of two of the com- 
pounds, namely, cis-7-camphanic acid and trans-camphotricarboxylic 
acid, are of such particular interest as to merit a separate and de- 
tailed description, which is given by Mr. Pope in the following paper. 

Mr. C. Revis, Assoc. C.G.I., has rendered great assistance, more 
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particularly in preparing large quantities of 7-bromocamphoric acid, 
a task of no slight difficulty ; without this assistance, the progress of 
the work would have been considerably delayed. 


EXPERIMENTAL. 

The production of z-bromocamphoric acid, the starting point of 
this investigation, involves four distinct’ preliminary operations, 
which are indicated below. 

CwH.O — CyHyBrO — CyHyBrO-SO,,ONH, 


Camphor, a-Bromocamphor, Ammonium a-bromocamphor- 
sulphonate. 


— C,H,BrO-SO.Br — CO,H,Br,0 
a-Bromocamphorsulphonic am-Dibromocamphor. 
bromide. 

The principal loss occurs in the preparation and isolation of the 
ammonium a@-bromocamphorsulphonate, the yield of which seems to 
vary considerably when comparatively slight alterations in the condi- 
tions are made; as, for example, when carbon tetrachloride is used 
instead of chloroform in the process of sulphonating. In each of the 
other preliminary operations (all of which have been previously 
described), the yield is at least 85—95 per cent. of the theoretical if 
the materials are carefully purified. 


a-Bromocamphoric acid, CHBr<coo. 

In preparing z-bromocamphoric acid, az-dibromocamphor (40 
grams) is placed in a large flask provided with a reflux condenser, and 
covered with a mixture of nitric acid of sp. gr. 1°42 (300 grams) and 
water (90 grams) ; the flask is then heated on a sand bath, and, as 
soon as the acid begins to boil, acetic acid is added in sufficient 
quantity (20—30 c.c.) to cause the whole of the dibromocamphor to 
pass into solution. Oxidation soon sets in, and oxides of nitrogen, 
together with bromine, are evolved; a small quantity of a very 
volatile substance is produced after a short time, and appears as an 
oil in the condenser. After boiling during 3 to 3} hours—although the 
evolution of ruddy fumes has then by no means ceased—the clear solu- 
tion is allowed to cool slowly, whereupon it soon becomes turbid and 
deposits a considerable quantity of a yellow oil; shortly afterwards, 
but while still warm, it becomes clear again, and at this stage it is 
decanted into a large retort, the heavy oily deposit being kept apart. 

The contents of the retort are now distilled until the volume has 
diminished to about one-quarter, and the residual solution is then 
poured out and left for some hours. The crystals which are.slowly 
deposited are separated by filtration, and, after having been washed, 
first with nitric acid and then with water, are dried on porous earthen- 
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ware; the nitric acid mother liquors are further concentrated by 
distillation, and then diluted with a little water in order to obtain a 
second, but smaller, crop of crystals, which, however, is impregnated 
with oil. After repeating these processes once more, the acid mother 
liquors contain a considerable quantity of oily matter which is 
deposited on the addition of a large volume of water, and also those 
products of oxidation which are readily soluble in water; the latter 
are present in insignificant quantity, and have not been examined. 

The crude product is a colourless, crystalline powder, consisting of 
m-bromocamphoric acid, mixed with variable quantities of a-nitro- 
am-dibromocamphor either in a crystalline or pasty form; sometimes, 
also, it contains a little 27-dibromocamphor which has escaped oxida- 
tion. As soon as it is thoroughly air dried it is well agitated with a 
small quantity of chloroform which dissolves the nitrodibromo- and 
the dibromo-camphor, but in which the acid is practically insoluble ; 
the latter is then separated by filtration and repeatedly washed with 
chloroform until a portion dissolves in sodium carbonate solution, 
leaving only a minute residue. The acid is now sufficiently purified 
if it is to be used for the preparation of trans-7-camphanic acid or 
other derivatives; but it still contains traces of silica and of nitro- 
dibromocamphor. 

The oil referred to above, which separates from the hot nitric acid, 
consists for the most part of nitrodibromocamphor, and this sub- 
stance is also obtained in large quantities on evaporating the chloro- 
form filtrate and washings from the bromocamphoric acid; it is also 
the main constituent of the oil which is finally deposited from the last. 
nitric acid mother liquors on adding water to them. This oil, fro 
the first- and last-named sources, contains a little bromo-acidyyghi 
be separated with the aid of chloroform as before; the pre 
crystalline nitrodibromocamphor from the oil, and the results of the 
investigation of this compound have been communicated in a recent. 
paper (Lapworth and Kipping, Trans., 1896, 69, 304). 

The yield of purified bromocamphoric acid under the above gondi- 
tions. is, unfortunately, comparatively small, namely, only about 15 
grams from 40 grams of dibromoeamphor, the principal produét being 
the nitrodibromo-compound. Numerous attempts. were made on a 
small scale to improve the process by using nitric acid of a different. 
concentration and by varying the time of oxidation, but in vain; this ” 
is probably owing to the fact that when weaker acid is used oxida- 
tion takes place much more slowly ; so that, even if the production of 
the acid at the expense of the nitro-compound is actually. increased, 
this is counterbalanced by the larger amount of the acid which under- 


goes decomposition as the result of more prolonged boiling with the 
dilute mineral acid. 
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Attempts were also made to prepare z-bromocamphoric acid in 
quantity from the nitrodibromocamphor which is obtained as a bye- 

) product; for this purpose the latter was first converted into a-nitro- 

a-bromocamphor by treatment with alcoholic potash (Lapworth and 


Kipping, Joc. cit.), and then oxidised by boiling it for a short time 
with nitric acid of sp. gr. 15. The acid can be prepared in this way, 
but the process was so troublesome that it was only used to a limited 
extent. 
For analysis,a sample of the bromo-acid, obtained by the first 
| method, was recrystallised from acetone and dried at 100°. 


0'1654 gave 0°2620 CO, and 0:0802 H,O. C = 43:2; H = 54. 
CiHisBrO, requires C = 43:0; H = 5°4 per cent. 


| z-Bromocamphoric acid separates from acetone in lustrous, elon- 

gated, flattened prisms having pointed ends, but crystals suitable for 

measurement were not obtained. It seems to sinter slightly at about 
210°, and melts at 216—217° (when heated quickly from about 200°), 
effervescing vigorously, but darkening only very slightly ; if heated for 

a short time at 210—220°, and allowed to solidify, it melts below 150° 

on heating again. It is practically insoluble in cold chloroform, and 

very little more soluble in the hot liquid, but it dissolves freely in 
ether, acetone, ‘acetic acid, and alcohol, from all of which it is usually 
deposited.sin 21l-defined, rosette-shaped or nodular crystals; it crys- 
tallises*from. ethylic benzoate in small needles. 

It is. comparatively sparingly soluble in boiling water, from which 

Sit is depositelijon cooling in beautiful, fern-like crystals and in small 

pr 5m spat Hhigeagueous solution be boiled for some time and then 

i ipitate of silver bromide at once on the addition 

* silver nitrate acidified with nitric acid; on pro- 

= “longed § poilings=wigh water the bromo-acid is completely converted 
intg,an‘acid which is readily soluble in water—doubtless the 7-hydr- 

3 phoric acid described later. 

mocamphoric* acid is dextrorotatory. A solution of 1-030 

if the acid in absolute alcohol, diluted to 25 c.c. and measured 

a 2-dm. tube, gave ap = + 3°36°; the specific rotation 

fore, [a]p = + 40°5°. The specific rotatory power of d-cam- 

Bhoric acid in 10 per cent. alcoholic solution is [a]; = +49°7° (Aschan, 

‘Joc. cit.), so that the introduction of the bromine atom has had but 

™N ‘little effect on the rotatory power. 

\ a-Bromocamphoric acid has all the properties of a strong carboxylic 
acid; it reddens litmus, and dissolves rapidly in cold dilute sodium 
carbonate solution from which it is precipitated unchanged if the 
solution be quickly acidified. Its metallic salts were not prepared 

because, owing to the readiness with which the acid loses the ele- 
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ments of hydrogen bromide, it would probably have been impossible 
to obtain them free from impurity. A freshly prepared cold solution 
of the acid in a slight excess of dilute ammonia does not give a 
precipitate at once on the addition of silver nitrate, but it does so on 
warming gently; on keeping the ammoniacal solution at ordinary 
temperatures, ammonium bromide is slowly formed, but, even after 
24 hours, the solution still contains some unchanged ammonium 
bromocamphorate. It is interesting to note that although the bromo- 
acid is changed fairly rapidly by boiling water, it may be heated at 
100° with nitric acid of sp. gr. 1°42 for a long time without. under- 
going any appreciable decomposition; after three hours of such 
treatment, the solution gives no precipitate with silver nitrate; on 
cooling, the bromo-acid slowly separates, unchanged, in fern-like 
crystals. 

The action of alkalis on 7-bromocamphoric acid is described later ; 
when heated with concentrated salphuric acid at 110—120° the acid is 
oxidised and charred, hydrogen bromide being evolved; it does not 
seem to be acted on by an ethereal solution of bromine, even on 
exposure to direct sunlight. 

Methylic 7-bromocamphorate, C,H,;;3Br(COOMe)., was prepared by 
passing hydrogen chloride into a solution of the acid in methylic 
alcohol; on subsequently allowing this solution to evaporate epon- 
taneously, the product was deposited in colourless, lustrous, transparent 
prisms. It melts at 114—115°, and is readily soluble in cold chloro- 
form, ether, and methylic alcohol, but only sparingly in boiling light 
petroleum, and is, practically, insoluble in cold water. It is readily 
hydrolysed, and then further changed, by boiling dilute alkalis in 
alcoholic solution; when treated with cold concentrated aqueous 
ammonia, it gives the amide of trans-r-camphanic acid. It may be 
distilled in small quantities at a time under atmospheric pressure 
without suffering much decomposition. - 


x-Bromocamphoric Anhydride, C.HyBr<CP> 0. 


The effervescence which is observed on heating 7-bromocamphoric 
acid at its melting point is due to the escape of water vapour, the 


acid being converted into its anhydride; for the preparation of the. -' | 


anhydride, however, it is better to treat the acid with acetic chloride, - 
in which it dissolves slowly on heating; after boiling the solution for 
a short time, the acetic chloride is evaporated, and the solid residue 
recrystallised from a mixture of chloroform and ether. 
0°1408 gave 0°2371 CO, and 0°0654 H,O. C = 45°92; H = 5:16. 
C,.H.sBrO; requires C = 45°97; H = 4°98 per cent, 
z-Bromocamphoric anhydride separates from cold chloroform in 
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transparent, rhomboidal plates, and from a mixture of ether and 
chloroform in large, opaque, well-defined prisms; it melts at 
155—156°, sublimes readily in long, slender needles, and, when 
heated in small portions at a time, can be distilled under atmospheric 
pressure without appreciably decomposing ; its vapour has an intensely 
irritating action on the eyes and nose. It is readily soluble in cold 
chloroform and benzene, and freely so in hot ethylic acetate and 
methylic alcohol, but it is comparatively sparingly soluble in boiling 
light petroleum, from which it separates, on cooling, in moss-like 
needles. It is insoluble in cold dilute sodium carbonate solution, 
and is only slowly hydrolysed by boiling water. When strongly 
heated with resorcinol, it gives a reddish-brown product, which 
dissolves in aqueous sodium hydroxide, yielding a deep reddish-brown 
solution; on diluting with water, a distinct, but not very intense, 
greenish fluorescence is observed. 

It has been recently shown (Kipping, Trans., 1896, 69, 61) that 
w-bromocamphoric anhydride may be converted into the correspond- 
ing w-bromocamphoric acid by heating it at 100° for a short time 
with concentrated nitric acid, whereas hydrolysis with water or with 
aqueous alkalis, as is well known, does not give the bromo-acid, but 
its decomposition product, w-camphanic acid. 7-Bromocamphoric 
anhydride, which, doubtless, would also lose the elements of hydrogen 
bromide if heated with aqueous alkalis, may be transformed into the 
acid in a similar manner, namely, by dissolving it in hot nitric 
acid of sp. gr. 1:42 and then cooling the solution; the crystals which 
are deposited melt at 216—217°, both when heated alone or in admix- 
ture with 7-bromocamphoric acid. In this case, the conversion into 
the acid seems to be far more easily accomplished and much more 
complete than in that of w-bromocamphoric anhydride. 


Reduction of z-Bromocamphoric acid. 


As the chief object of this investigation was to add to our know- 
ledge of the structure of camphor, it was necessary, before proceeding 
further, to establish beyond question the supposed relation between 
m-bromocamphoric acid and ordinary d-camphoric acid; in other 
words, to prove that, in spite of the numerous operations through 
which the camphor had passed in its conversion into 7-bromocam- 
phoric acid, the net result had been simply the substitution of 


—_(' 
bromine for hydrogen, and the oxidation of the ay group to 


-COOH 
-COOH’ 

The simplest way of doing this was evidently to reduce the bro- 
minated acid and compare the reduction product with d-camphoric 
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acid. For this purpose, therefore, the purified z-bromocamphoric 
acid was dissolved in dilute acetic acid and reduced with zinc dust; 
after the lapse of two or three hours, the solution was partly evapo- 
rated and filtered from a slight crystalline precipitate, consisting of 
the zine salt of camphoric acid. On adding excess of dilute hydro- 
ehloric acid to the filtrate and allowing it to cool, a crystalline acid 
was deposited in transparent prisms. This melted at 185—186°, and 
proved to be d-camphoric acid, with which it was directly compared ; 
a mixture of d-camphoric acid with the acid thus obtained also melted 
at 185—186°. These facts, in ordinary cases, would be sufficient to 
establish the identity of the two substances ; as, however, at the time, 
Aschan had not published his exhaustive investigation of the cam- 
phoric acids (Acta soc. scient. fenn., 21, No. 5,1), of which 13 had 
been described, it seemed advisable to obtain further evidence on this 
point. For this reason, the acid obtained by the reduction of 
7-bromocamphoric acid was converted into the anhydride by treat- 
ment with acetic chloride and directly compared with d-camphoric 
anhydride ;* the two preparations proved to be identical. Finally, 
the optical properties of the crystals both of the acid and of the 
anhydride were examined, and the result was to prove conclusively 
that z-bromocamphoric acid is converted into d-camphoric acid on 
reduction under the above conditions. 

Clearly, therefore, any conclusions drawn from the behaviour of 
the brominated acid may be made use of in considering the constitu- 
tion of camphoric acid. 

The fact that the bromine atom in z-bromocamphoric acid is so 
readily displaced by hydrogen was hardly to be expected, inasmuch 
as aw-dichlorocamphor in aqueous alcoholic solution is simply con- 
verted into z-chlorocamphor on treatment with sodium amalgam at 
ordinary temperatures (Kipping and Pope, Trans., 1895, 67, 371). 
The behaviour of az-dibromocamphor, on reduction, has been 
recently investigated (Revis and Kipping, Proc., 1896, 163, 77), 
and here also the a-halogen atom is eliminated more readily than the 
z-atom, 


| 
trans-7-Camphanic acid, O°C,His< po 


The first product of the action of dilute alkalis on w-bromocam- 
phoric acid is the salt of an unstable lactonic acid, which is derived 


* It is to be regretted that Aschan (Joc. cit.) should have applied the designa- 
tion /-camphoric anhydride to the anhydride of d-camphoric acid, and d-camphoric 
anhydride to that of the /-acid simply because the compounds are levorotatory and 
dextrorotatory respectively ; in these and similar cases it is much better to fall in 
with E. Fischer’s suggestion in spite of the apparent contradiction. 

VOL, LXIX. 3 R 
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from a 7-hydroxycamphoric acid of the composition C,H.0,; the 
formation of trans-7-camphanic acid, however, is not preceded by 
that of the hydroxy-compound, but is due to simple elimination of 
sodium bromide from the sodium salt of the bromo-acid, 


C,.H,;;,BrO,Na,z — CyH,;0,;Na + NaBr. 


In preparing this compound, 7-bromocamphoric acid is covered 
with water, the mixture heated on a water bath, and a dilute solution 
of the theoretical quantity (1 mol.) of sodium carbonate added in 
small quantities at a time, the operation occupying about an hour ; 
the solution is then cooled, and filtered, if necessary, from traces of 
silica and nitrodibromocamphor, which are usually present when 
crude z-bromocamphoric acid has been used (p. 925). The clear 
solution is afterwards concentrated by evaporation, and, when cold, 
treated with dilute sulphuric acid as long as a precipitate is pro- 
duced; this precipitate should be readily and completely soluble in a 
small quantity of boiling water, otherwise 7-bromocamphoric acid is 
present, owing to incomplete action, After about an hour's time, 
the colourless product is separated by filtration, washed with water, 
and recrystallised from dilute alcohol, in order to free it from a little 
oily impurity. 

The yield of purified frans-r-camphanic acid is, on the average, 
about 80 per cent. of the theoretical, the rest being accounted for by 
the production of small quantities of 7-hydroxycamphoric acid and 
by slight loss on recrystallising. If more than one molecular pro- 
portion of sodium carbonate be used for dissolving the bromo-acid, 
the yield may be materially diminished, a larger proportion of the 
readily soluble hydroxy-acid being formed; if, on the other hand, 
rather less than that quantity of alkali carbonate be employed, the 
yield does not seem to be altered, but some of the trans-7-camphanic 
acid crystallises from the solution on cooling, before adding sulphuric 
acid. 

The aqueous and alcoholic mother liquors from the trans-camphanic 
acid yield, on evaporation and extraction with ether, small quantities 
of an oil—a mixture of the hydroxy- and lactonic acids—which may 
be conveniently used for the preparation of cis-7-camphanic acid 
(p. 944); in one or two experiments, the aqueous acid mother 
liquors, after having been concentrated, deposited traces of the cis- 
acid, but in a far greater number of cases the presence of this sub- 
stance was not observed. 

For analysis, a sample was recrystallised from anhydrous solvents 
and dried at 100°. 


0°1583 gave 0°3504 CO, and 0:1010 H,O. C = 60°37; H = 7:09. 
C,oH,,0, requires C = 60°60; H = 7:07 per cent. 
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trans-7-Camphanic acid separates from water and from dilute 
methylic alcohol in transparent prisms and in fern-like crystals, 
which contain 1 mol. of water of crystallisation. 


1:8890 air-dried substance lost 0°1632 at 100°; H,O = 8°59. 
C,oHy.O, + HO requires H,O = 8°33 per cent. 


When a capillary tube containing these hydrated crystals is placed 
in sulphuric acid at 140—150°, the substance melts in its water of 
crystallisation, but immediately solidifies again, and then begins to 
sinter at about 157°, liquefying completely at about 163°; on 
re-heating the solidified mass, it melts at temperatures ranging from 
150° to 160°, this indefinite melting point being possibly due to slight 
hydrolysis having occurred. The anhydrous acid melts sharply at 
164—165°, and does so also on re-heating ; it crystallises from ether 
and from chloroform in transparent prisms, and from benzene in 
fern-like masses; it is readily soluble in boiling water, alcohol, and 
in most of the ordinary organic solvents, with the exception of light 
petroleum, in which it is insoluble, or nearly so. 

trans-7-Camphanic acid is dextrorotatory, like the bromo-acid from 
which it is derived, but its specific rotution is much lower than that 
of the latter ; an alcoholic solution of 1°307 gram of the acid, diluted 
to 25 c.c, and examined in a 2-dm. tube at 20°, gave ap = +1°03°, 
from which [¢]p = +9°85°. 

Crystals of trans-7-camphanic acid deposited from ethylic acetate 
solution were examined by Mr. Pope; it may be noted that these 
crystals become opaque at 100°, doubtless owing to the loss of in- 
cluded solvent or water. 

“ Trans-r-camphanic acid crystallises 
in large, colourless, transparent, and 
very lustrous monosymmetric prisms 
(Fig. 1). The pinacoid a{100} is the 
dominant form, and usually gives good 
results on measurement; the forms 
r{101} and c{001} are very variable in 
size and are often very curved. The 
dome p{110} is small but gives better 
reflections than do most of the other 
forms, Two other dome or pyramid 
forms are usually present, these possibly 
have the indices {011} and {111} but 
the faces are too corroded to allow of 
accurate measurements. 

“The plane of symmetry is the optic 
axial plane; one optic axis emerges almost perpendicularly through 

38R2 
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a(100), and the other can be seen through c(001) to make a small 
angle with the normal to that face. The double refraction is strong 
and the optic axial dispersion slight. There is a perfect cleavage 
parallel to a{100}. 


“ Crystalline system. Monosymmetric. 
a:b:¢ = 1366: 1: 1-785. 
p= 69°1’. 
“Forms present: 


a{100}, c{001}, r{101}, p{110}. 
“The following angular measurements were obtained :— 


Number of 
Angle. - measurements, Limits. Mean. Calculated. 
100 : 001 19 67° 52’—69° 48’ 69° 1’ —_ 
001 : I01 11 65 59—67 21 66 49 66° 26’ 
100 : 101 24 43 23—45 47 44 33 _ 
100 : 110 19 52 37 —54 50 53 48 _ 
110: 110 7 70 59—73 49 72 19 72 24 


ae 

cr 

ar 
ap 

Pp 

The lactonic ring in the acid is very easily hydrolysed ; when the 
substance is boiled for a short time with moderately dilute (1:1) 
sulphuric acid, it is converted into 7-hydroxycamphoric acid (p. 938), 
and on leaving the solution at ordinary temperatures, the last-named 
compound is deposited in transparent plates. A similar change 
occurs when trans-7-camphanic acid is heated with fairly con- 
centrated hydrochloric acid for some time, but it may be boiled with 
water for several hours without being completely hydrolysed. 
Alkalis act even more rapidly than mineral acids, giving a salt of 
the 7-hydroxy-acid. 

Trans-7-camphanic acid is comparatively easily changed in other 
ways: when heated with concentrated sulphuric acid at about 130° it 
rapidly chars and sulphur dioxide is evolved, but definite products 
are not easily isolated from the solution; in one experiment, how- 
ever, a small quantity of cis-7-camphanic acid (p. 943) was obtained, 
a change in configuration having occurred similar to that observed 
in the case of trans-camphotricarboxylic acid under like conditions. 
The behaviour vf trans-7-camphanic acid towards bromine and 
certain oxidising agents is described later, but it may be stated here 
that its solution in dilute aqueous sodium carbonate, or in acetic acid, 
does not destroy the colour of potassium permanganate at ordinary 
temperatures, and even on boiling the alkaline solution oxidation 
takes place extremely slowly. On prolonged boiling with a solu- 
tion of chromic acid and dilute sulphuric acid, it is gradually con- 
verted into trans-camphotricarboxylic acid, but this change is brought 
about much more quickly by hot nitric acid. 


ni it vd 
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Before it was known that the lactonic acid underwent hydrolysis 
with such ease, it seemed desirable to analyse one of its salts in order 
to confirm the results of the combustion; for this purpose, the 
barium salt was prepared by boiling the acid with excess of barium 
hydroxide solution, treating with carbonic anhydride, and then 
evaporating ; the crystalline residue was finally dried in the air on 
porous earthenware. 


03724 lost 0:0310 H,O at 160° and 0:3414 anhydrous salt gave 
0°2261 BaSO,. H,O = 8°32; Ba = 38°94. 
C,oH,,0;Ba requires Ba = 39°03 per cent. 


This result showed that the salt contained water of crystal- 
lisation (13 mol. = 8°54 per cent.), and that it was derived from a 
hydroxydicarboxylic acid of the composition Cj H,.O;, and not from 
trans-r-camphanic acid. On acidifying a concentrated solution of 
the barium salt with hydrochloric acid, no precipitate was produced, 
but on extracting the acid solution with ether and evaporating the 
extract, there remained a colourless syrup which gradually deposited 
crystals of z-hydroxycamphoric acid. 

That trans-7-camphanic acid is a lactonic monocarboxylic acid is 
shown by its behaviour on titration; at ordinary temperatures it 
neutralises one molecular proportion of sodium hydroxide, whereas on 
boiling, double this quantity of alkali is required. 

A freshly prepared solution of the acid in a quantity of dilute 
aqueous ammonia just sufficient for neutralisation, does not give a 
precipitate on the addition of barium chloride, calcium chloride, 
magnesium sulphate or lead acetate, but with ferric chloride it yields 
a light-buff, apparently amorphous precipitate which does not dis- 
solve on boiling. The silver salt is precipitated from concentrated 
solutions in an amorphous state ; it dissolves on boiling, but without 
darkening, and is deposited again on cooling. The ammonium salt is 
very soluble in cold water and in methylic alcohol, from both of 
which it crystallises in plates or prisms; from a solution of this salt, 
trans-7-camphanic acid is precipitated on acidifying with a mineral 
acid, so that the salts just mentioned are derived from the lactonic 
monocarboxylic acid, and not from 7-hydroxyvamphoric acid. 


trans-7-Camphanic Anhydride, oe woe 0. 
94413 


When a solution of trans-r-camphanic acid in acetic anhydride is 
boiled for some hours, and the excess of anhydride then distilled off, 
there remains a colourless liquid from which crystals are slowly 
deposited on keeping it over potash and sulphuric acid. These 
crystals, purified by washing with benzene, are short, transparent 
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prisms and have not a definite melting point; when heated fairly 
quickly from about 200°, they begin to sinter at 205—210° and 
melt at about 230°, whereas when the capillary tube is plunged 
into the bath already heated to 230°, the crystals do not liquefy until 
the temperature rises to about 240°. This behaviour is not due to 
the presence of impurity, and is, therefore probably the result of 
decomposition, although there is no appreciable charring; on re- 
heating, the substance begins to melt at temperatures below 140°. 
An analysis gave results which show that the compound is derived 
from two molecules of the lactonic acid. 
0°1432 gave 0°3322 CO, and 0:0931 H,O. C = 63:27; H = 7:22. 
CHO, = 2C\H,,0, — H,O requires C = 63°49; H = 6°88 per cent. 
trans-7-Camphanic anhydride is practically insoluble in ether and 
is only very sparingly soluble in boiling benzene and in chloroform, 
separating from the last-named solvent in microscopic plates; it dis- 
solves slowly, but in considerable quantities in boiling acetic acid, 
by which, however, it is converted into trans-7-camphanic acid ; it is 
practically insoluble in cold water, but, on boiling, the solution soon 
acquires an acid reaction owing to hydrolysis having occurred. 


Distillation of trans-r-Camphanic acid. 


When trans-7-camphanic acid is heated in quantities of 2 or 3 
grams at a time under atmospheric pressure it distils as a yellowish 
oil, leaving only a small quantity of carbonaceous residue ; traces of 
water vapour pass over together with the oil, but qualitative tests 
give no indication of the evolution of carbonic anhydride. 

The distillate solidifies immediately to a hard, crystalline mass which 
contains a little oily matter, and which in parts has a brilliant green 
hue; this distillate is a mixture of two substances, the principal con- 
stituent being the cés-7-camphanic acid described later; the other 
compound, which is formed in small quantities only, is probably a 
lacto-anhydride of the composition, CH».0; (p. 942). 


Bromination of trans-7-Camphanic acid. 


In the course of some preliminary experiments on the bromination 
of trans-7-camphanic acid, a small quantity of the purified, but not 
specially dried, acid was dissolved in chloroform and mixed with a 
little bromine; as no visible action occurred the solution was left 
for some time, and then allowed to evaporate spontaneously. The 
thick, yellow, oily residue was gently warmed with water to expel 
chloroform and, after cooling, gradually treated with excess of dilute 
sodium carbonate solution, in which part of it dissolved with effer- 
vesence, leaving a crystalline powder. The latter was insoluble in 
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cold sodium carbonate solution, and in cold water, but soluble in 
alcohol, from which it crystallised in long needles melting at about 
230°; it did not contain bromine, and it was rapidly dissolved by hot 
potassium hydroxide solution, the subsequent addition of a mineral 
acid causing the separation of a heavy, colourless oil. The original 
sodium carbonate extract of the crude bromination product gave, on 
acidifying, a crystalline precipitate of a compound which melted at 
about 130° after recrystallisation from alcohol. 

On attempting to prepare these two substances again in larger 
quantities, only oily or resinous acids were obtained as, unfortunately, 
the conditions under which the first experiment had been made, had 
not been noted with sufficient care. 

In view of the now well-known fact that the course of such actions 
is often completely altered by a slight change in the conditions trans- 
7-camphanic acid was treated with bromine in a great many different 
ways in order, if possible, to again obtain the products just mentioned. 
Some experiments were made in the dark, some in diffused light or 
in direct sunlight; in some cases ether, in others chloroform was used 
as a solvent; in some cases all the materials were carefully dried, in 
others small quantities of water were purposely added. The results 
of these experiments may be summarised as follows :— 

When the acid was mixed with bromine (1 mol.) in chloroform solu- 
tion, in the dark and in absence of water, no visible action took place 
for some days, and then a brown, jelly-like mass began to separate ; 
after several weeks the colour of the bromine had gone, the jelly had 
increased in bulk, and traces of hydrogen bromide were evolved on 
opening the vessel. The gelatinous product gave off hydrogen 
bromide at 100°, and became friable, but it was hygroscopic and 
could not be obtained in crystals; when treated with water, it gave 
an oil which was practically insoluble in water, and which did not 
crystallise. 

In presence of water, and in direct sunlight, the action was much 
more rapid and an oily product was obtained, but in no case was the 
formation of the above-mentioned neutral crystalline substance 
observed, except, perhaps, in minute quantities; when other solvents 
were used or the acid alone, and the proportion of bromine was 
varied, the results were similar. 

Two experiments were made at higher temperatures; in one case 
trans-m-camphanic acid was heated with water and bromine (2 mols.) 
at about 150° for some hours ; on opening the tube, hydrogen bromide 
escaped, but bromine was still present. On evaporation, the contents 
of the tube yielded a small quantity of a crystalline acid, readily 
soluble in cold water, and identical with the camphotricarboxylic 
acid (p. 951) obtained on oxidising trans-7-camphanic acid with nitric 
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acid; under these conditions, therefore, the bromine, in presence of 
water, had simply acted as an oxidising agent. In another experi- 
ment, a concentrated solution of trans-7-camphanic acid in a little 
glacial acetic acid was heated with bromine (2 mols.) at about 180° 
for six hours; all the bromine had entered into combination, and part 
of the acid had become converted into a carbonaceous mass, On 
adding water and evaporating the filtered solution, the pungent 
odour of bromacetic acid was observed, and the solution, on cooling, 
deposited crystals; these were found to consist of cis-7-camphanic 
acid, the trans-acid having undergone stereoisomeric change, doubt- 
less owing to the action of the hydrobromic acid; traces of an oily 
product were also present, but in quantities too small to investigate. 

Finally, attempts were made to brominate trans-7-camphanic acid 
by treating it with bromine and amorphous phosphoras, a method 
which, in the case of several acids derived from camphor, gives 
excellent results. In one experiment, carried out under the usual 
conditions, a large excess of bromine was used, and the product con- 
sisted of a greenish-black oil containing a large quantity of a pitch- 
like substance. In a second case, where a much smaller quantity of 
the halogen was added, the product was pale yellow, and insoluble in 
cold sodium carbonate solution ; as, however, it could not be purified, 
it was not further examined. 


eT oe 
CO 


r 
trans-7-Oamphanamide, O-C,.Hi3< CO-NH,’ 
2 


Finely divided methylic 7-bromocamphorate dissolves readily in 
concentrated aqueous ammonia at ordinary temperatures, and if the 
solution be kept for some time in a closed vessel, large, colourless 
plates are deposited ; on allowing the mother liquors to evaporate 
spontaneously, more of the same compound separates from the solu- 
tion in well-defined crystals, and, finally, ammonium bromide is 
obtained as a residue. 

The amide, prepared in this way from purified methylic bromo- 
camphorate, was washed with water, dried over sulphuric acid, and 
analysed. 


0'1448 gave 0°3266 CO, and 0:0993 H,O. C = 61:51; H = 7°62. 
C,oHisNO; requires C = 60°91; H = 7°61 per cent. 


This analysis, and the presence of ammonium bromide in the 
mother liquors from the amide, show that the latter is derived from 
trans-r-camphanic acid. It melts at 1075—108°5°, and is very 
readily soluble in cold chloroform or benzene, from which it separates 
in transparent, massive plates or prisms ; it is fairly soluble in ether, 
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much less so-in boiling light petroleum, and insoluble, or nearly s0, 
in cold water, but readily soluble on heating to boiling. When 
heated with moderately dilute ammonia for a short time, it is con- 
verted into a substance which is freely soluble in cold water, possibly 
the amide of 7-hydroxycamphoric acid. It distils readily under 
atmospheric pressure without carbonising to any great extent; the 
distillate, after recrystallisation, melts at 107—108°, so that, appa- 
rently, the amide does not undergo stereoisomeric change so readily 
as the corresponding acid. 

The well-defined crystals of trans-7-camphanamide, which separated 
from the ammoniacal solution of the crude product (see above), 
were examined by Mr. Pope, whose 
report is now given. 

“ trans-7-Camphanamide crystal- 
lises in small, transparent, colour- 
less octahedra of glassy lustre, 
belonging to the orthorhombic 
system (Fig. 2). The pinacoid PME a3 
c{001} is small, and usually elon- a Z . 

Fs 


Fie. 2. 


gated in the direction of the b-axis ; 
the pinacoid a{100} is not often 
observed, and when present is very 
small and poorly developed. The = 

two dome forms g{011} and r{101} give fairly good results on 
measurement, and constitute the dominant forms; the dome 7’{201} 
is very rarely observed, and its faces are very small and badly 
defined. The crystals possess one good cleavage, but, owing to their 
small size, the direction of cleavage could not be ascertained with 
certainty. 

“The extinction in the face c(001) is parallel to the traces of the 
other two pinacoids, and the acute bisectrix emerges perpen- 
dicularly to the face ; the optic axial angle is fairly large and greater 
for blue than for red. The double refraction is weak and negative 
in sign, and the optic axial dispersion is slight and of the normal 
orthorhombic character. 

““No opinion can be formed as to whether the crystals are hemi- 
hedrai or not because no pyramid forms, but only pinacoids and 
domes, are present. 


“ Crystalline system. Orthorhombic. 
a:b6:c = 18287: 1: 14660. 
“ Forms present : 
a{100}, c{001}, g{011}, r{101}, {201}. 
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“The following angular measurements were obtained : 


Number of 
Angle. measurements. Limits. Mean. 


001 : O11 14 55° 15’— 56° 9’ 55° 42’ 
011 : O11 9 68 146—69 1 38 
: OI1 4 1l1l 3—111 39 19 
: 101 17 38 21— 39 4 43 
: 101 15 50 43— 51 57 16 
: 101 8 76 58— 77 46 23 
: 101 3 102 9—102 51 38 
: 201 L 31 18— 32 27 55 
: 201 1 _ 58 


eq 
4 
974 


cr 
ar 
rr 
rr 


ar 


rr’ 


“On melting the amide and subsequently allowing the liquid to 
cool under a cover slip on a microscope slide, it solidifies readily, 
-crystallising from centres in long, straight-sided flakes.” 


a-Hydroxycamphoric acid, HO-C.Ha< Coot: 


When either 7-bromocamphoric acid or trans-7-camphanic acid is 
heated with excess of alkali in aqueous or alcoholic solution, and 
apparently, also, when either of these compounds is boiled with water 
for a long time it is converted into z-hydroxycamphoric acid. The 
latter is most conveniently prepared in large quantities by heating a 
solution of the bromo-acid (4 parts) in concentrated potassium 
hydroxide (5 parts) on the water bath until a portion no longer gives 
a precipitate of trans-7-camphanic acid on acidifying ; it may be noted, 
however, that when the solution is highly concentrated, sulphuric 
acid sometimes produces a crystalline precipitate—probably a potas- 
sium hydrogen salt—which dissolves again on adding excess of the 
mineral acid. When hydrolysis is complete, the solution is cooled, 
mixed with excess of dilute sulphuric acid, and repeatedly extracted 
with ether; the combined ethereal extracts are then dried with 
‘anhydrous sodium sulphate, filtered, and evaporated. 

The residue is a pale yellow oil weighing rather less than the 
bromo-acid originally taken ; if placed over sulphuric acid, it becomes 
very viscous, but does not crystallise at all readily unless a crystal be 
added; if previously mixed with a little water, however, it usually 
solidifies to a mass of colourless crystals in the course of a few 
hours. 

The first analysis was made with a sample of the crude oil which 
had been simply heated for a short time at 100° in order to drive off 
the ether ; the second analysis refers to a sample of the crystalline 
acid, which had been washed with chloroform and ether and dried 
over sulphuric acid. 
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0'1359 gave 0°2700 CO, and 0°:0903 H,O. © = 542; H = 7:4. 
01744 ,, 03525  ,, 0°1166 _,, C= 551; H = 74. 
CioH.O; requires C = 55°5; H = 7:4 per cent. 


In preparing 7-hydroxycamphoric acid in small quantities, it is 
more convenient to employ trans-7-camphanic acid; if this compound 
be boiled for a short time with moderately concentrated sulphuric 
acid, the solution, on keeping, deposits crystals of the hydroxy-acid. 

7-Hydroxycamphoric acid separates from a mixture of chloroform 
and ether in transparent, rhomboidal, almost rectangular plates, and 
in massive crystals of irregular appearance; it does not crystallise 
well from water, as it is so very readily soluble in this liquid, but it 
separates from hydrochloric acid and from diluted sulphuric acid, in 
which it is much less soluble, in groups of plates; it may also be 
recrystallised from a mixture of ether and ethylic acetate. It is very 
readily soluble in most of the ordinary organic solvents with the 
exception of chloroform and light petroleum. It melts at 130—131°, 
but traces of moisture depress its melting point very considerably. 

The specific rotation was determined in alcoholic solution ; 0°764 
gram of the acid, dissolyed in 12 c.c. of alcohol and examined at 20° 
in a 2-dm. tube, gave ap = +3°57°; the specific rotation is, there- 
fore, [a]p = +28° approximately. 

The bariwm salt, prepared in the usual manner with the aid of 
barium hydroxide, is extremely soluble in water, and is deposited in 
crystalline crusts on evaporating its solution over sulphuric acid. A 
sample, which had been dried in the air on porous earthenware, was 
analysed. 


0°4466 lost 0°0372 H,O at 160°, and 04094 anhydrous salt gave 
02712 BaSO,. H,O = 8:33; Ba = 38°94. 
CoH,,0O;Ba requires Ba = 39°03 per cent. 


This salt was identical, as far as could be ascertained, with that 
prepared from trans-r-camphanic acid in the same way, and, like the 
latter, it seems to contain 1? mol. H,O (theory, H,O = 854 per 
cent.). 

In a neutral solution of barium bydroxycamphorate, silver nitrate 
produces a colourless, copper acetate a greemish-blue, and ferric 
chloride a light brown, precipitate; all three salts seem to be 
amorphous. Mercuric and calcium chlorides do not cause any pre- 
cipitation. 

a-Hydroxycamphoric acid does not show any tendency to pass into 
a lactonic acid; under conditions which usually bring about lactone 
formation, it apparently undergoes no change, as, for example, when 
boiled with concentrated hydrochloric acid; this behaviour was, of 
course, to be expected, since trans-7-camphanic acid is converted into 
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the hydroxy-acid under these and similar circumstances. In other 
respects, also, v-hydroxycamphoric acid is a relatively stable sub- 
stance; attempts to brominate it were unsuccessful. 


z-Acetoxycamphoric Anhydride, AcO-C.His<po> O. 


The presence of a hydroxyl group in the acid just described is 
shown by its behaviour towards acetyl chloride, by which it is con- 
verted into an acetyl derivative; at the same time, however, the acid 
is converted into its anhydride. After boiling a solution of the 
hydroxy-compound in acetyl chloride for some hours, and then 
evaporating, there remains a thick syrup, which slowly crystallises. 
This product is easily purified by spreading it on porous earthenware, 
washing with a little cold water, and then recrystallising the dry 
substance from ether, or from a mixture of chloroform and light 
petroleum. 

An analysis gave results bearing out the above statements. 


0°1466 gave 0°3220 CO, and 0:0916 H,O. C = 599; H= 69. 
C..H,.O; requires C = 60°0; H = 6:7 per cent. 


The nature of this compound was also established by titration with 
boiling sodium hydroxide, under which conditions it was found to be 
resolved into acetic acid and z-hydroxycamphoric acid. 

a-Acetoxycamphoric anhydride separates from ether in massive, 
transparent crystals, which melt sharply and completely at 86—87° ; 
when the fused substance is caused to solidify in the warm bath by 
rubbing the capillary tube, it melts on heating again at 86—87°; if, 
however, it be made to crystallise, by dipping the capillary tube into 
cold water, it does not melt completely until the temperature rises to 
89—90°. This behaviour shows that the substance is dimorphous, 
and the two forms can be obtained at will in the above manner; 
crystals melting at 89—90° were also obtained from solution in some 
cases. 

Well-defined crystals, deposited from dilute methylic alcohol, melt 
at 84—85°, but it is probable that their melting point is low, owing 
to slight hydrolysis having occurred. 

7-Acetoxycamphoric anhydride is readily soluble in chloroform, 
benzene, and hot ether, but only sparingly in boiling light petroleum, 
and insoluble, or nearly so, in cold water; when crystals are placed 
in a solution of blue litmus, the colour does not change on keeping 
for some time at atmospheric temperatures, but, on boiling, the solu- 
tion soon acquires an acid reaction, 

The following is Mr. Pope’s account of the crystals deposited from 
ethereal solution. 
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“The crystals consist of small, transparent, colourless, monosym- 
metric plates of a six-sided outline (Fig.3). The dominant form is the 
basal pinacoid c{001}; this form, though 
large, is poorly developed, and gives Fie. 3. 
multiple reflections. The pinacoid a{100} : 
is small, and only gives moderately good 
results on measurement; the form p{110} 
is well developed, and gives good reflec- 
tions. Since no form cutting the c- and another axis is ever ob- 
served, the axial ratio c : b could not be determined. 

“There is a perfect cleavage parallel to the face a(100). The 
optic axial plane is perpendicular to the plane of symmetry, and, 
looking through the form c{001}, the acute optic axial angle may be 
seen lying in the real obtuse angle ac at the edge of the microscope 
field; the double refraction is negative in sign, and the optic axial 
dispersion is slight. 

“The substance readily crystallises after melting on a microscope 
slide, solidifying in long, doubly-refracting flakes, radiating from 
centres. As the solid mass cools, the flakes are seen to crack perpen- 
dicularly to their directions of growth; one optic axis is usually to 
be found emerging through these flakes. 


“ Crystalline system. Monosymmetric. 
a:b:c = 1:0825:1:? 
= 84° 6’, 
“ Forms present: 


a{100}, c{001}, p{110}. 


“The following angular measurements were obtained : 


Number of 
Angle. measurements, Limits. Mean. Calculated. 
100 : 001 16 83° 10’—84° 59’ 84° 6’ _ 
100: 110 24 46 8—48 1 47 7 — 
110 : 110 8 84 36—86 4 85 23 85° 46’ 
001 : 110 12 84 17—86 49 85 54 85 59” 


Huu d 


Distillation of r-Hydroxycamphoric acid. 


When z-hydroxycamphoric acid is heated for some time at a tem- 
perature of about 150°, it becomes more sparingly soluble in water, 
and from the oily product a crystalline substance, melting at about 
150°, can be isolated; this is probably the anhydride of the 
hydroxy-acid, but it was not investigated. On distillation under 
atmospheric pressure, the hydroxy-acid loses the elements of water 
and yields an oily distillate, which solidifies immediately on cooling, 
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no appreciable amount of carbonic anhydride being evolved during 
the operation, and but little carbonisation taking place. 

The crystalline distillate, which is almost invariably coloured 
bright green in patches, is washed with a little cold dilute methylic 


alcoho] to free it from traces of oil, allowed to dry, and then extracted The 
repeatedly with cold chloroform, which dissolves a small quantity of the fa 
a crystalline substance, leaving an almost colourless, granular powder. tion 1 
The portion insoluble in chloroform consists of the cis-camphanic 
acid described below, whereas the soluble portion is a neutral lacto- 
anhydride, which is evidently formed by condensation. These two 
products are identical with those obtained by the distillation of trans- Th 
m-camphanic acid (p. 934). was 
elem¢ 
Lacto-anhydride of r-Camphanic acid. wai 
This is deposited in crystals on evaporating the chloroform of qi 
extract of the crude distillation product of z-hydroxycamphoric did x 
acid, or of trans-7-camphanic acid ; it is easily obtained in a purified camy 
l condition by recrystallising it first from boiling alcohol and then Tk 
. from a mixture of alcohol and chloroform. Analysis of a sample vary 
which had been dried at 100° gave the following results. for | 
W559 gave 03597 CO, and 0:0967 H,O, C = 62:92; H = 689. —_ 
01439 ,, 0:3822 »  0°0903 ,, C = 62°96; H = 6°97. Pie 
CHO; = 2CyH,O; — 3H,0 requires C = 63:49; H = 6°88 p. c. Thi 
~~ It crystallises from chloroform aud other solvents in very slender, but 
bi plourless needles, melting at 205—206°; it is very readily soluble in dar! 
~ eold chloroform and in hot acetone, and moderately easily in boiling tion 
ethylic acetate and ethylic alcohol, but insoluble, or nearly so, in pros 
ether. It does not dissolve to any appreciable extent in boiling V 
water, and it is insoluble in cold dilute sodium carbonate solution, wei 
E: although it dissolves on boiling. When heated with alcoholic potash at ¢ 
“for a short time, it yields the potassium salt of an acid, and, on wai 
acidifying the alkaline solution, after previously expelling the alcohol, mo: 
this acid is precipitated as an oil. The acid did not crystallise, and, hee 
as it did not appear to be of much interest, it was not exhaustively bre 
examined ; it seemed to be a very stable compound, as it appeared to sol 
be unchanged by boiling nitric acid, and its solution in sodium ex] 
carbonate did not destroy the colour of potassium permanganate, wa 
except on prolonged boiling. the 
As the neutral substance just described is formed in small quantities, filt 
not only from the hydroxy-acid, but also by the distillation of trans-7- cts 
camphanic acid, and, as it is not identical either with the anhydride - 
r 


of the latter, or with the anhydride of cis-7-camphanic acid (p. 946), 
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it is probably a lacto-anhydride of the constitution indicated by the 
CO:0:CO 
formula C,H,,;20 —cCO No, Hs. 
\co—o”% 
The properties of the compound seem to agree with this view, and 
the fact that it decomposes to a very considerable extent on distilla- 
tion is an indication of high molecular weight. 


oy 
cis-7-Camphanic acid, OO aC nee: 


The principal object in view in preparing 7-bromocamphoric acid 
was to convert it into an unsaturated acid by taking away the 
elements of hydrogen bromide, and the action of alkalis having led 
to the formation of trans-7-camphanic or 7-hydroxycamphoric acid, it 
seemed possible that the desired end might be attained with the aid 
of quinoline. The experiments which were made for this purpose 
did not lead to the hoped-for result, but to the discovery of a cis-9- 
camphanic acid. 

The action of quinoline on z-bromocamphoric acid was found to 
vary according to the temperature and duration of heating. When, _ 
for example, a solution of the acid in about twice its weight of 
dehydrated quinoline was boiled during about 40 minutes, and then 
allowed to cool, it set to a dark red, pasty mass, and, on adding 
alcohol and filtering, a red, micro-crystalline powder was obtained. 
This was insoluble, or nearly so, in most ordinary organic solvents, 
but it dissolved freely in acetic acid and in mineral acids, giving 
dark, wine-red solutions, from which it was precipitated on the addi- 
tion of water; as it appeared to be some complex condensation 
product, it was not further examined. 

When z-bromocamphoric acid was dissolved in about four times its 
weight of quinoline, dehydrated over potash, and the solution heated 
at about 170°, the action took a different course; when the operation 
was brought to an end after heating during about 15 minutes only, 
most of the bromo-acid seemed to be recovered unchanged, but after 
heating during about two hours this was not so. The thick, reddish- 
brown liquid, thus obtained, was dissolved in a little alcohol and the 
solution submitted to distillation in a current of steam in order to 
expel the quinoline; the red aqueous solution comprising the residue 
was then filtered from small quantities of dark brown, tarry matter, 
the latter extracted with boiling water, and the combined aqueous 
filtrate and extracts evaporated. During this process, crystals of 
cis-7-camphanic acid sometimes separated in long needles as the 
solution became concentrated, and, on further evaporation almost to 
dryness, a reddish, crystalline substance, doubtless the quinoline salt, 
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was deposited; excess of sodium carbonate was then added, the 
solution boiled for some time to expel the liberated quinoline, filtered 
from tarry matter, and, after cooling, acidified with sulphuric acid. 
The crude cis-7-camphanic acid, which was precipitated as an almost 
colourless powder, was then separated and purified by recrystallisa- 
tion from alcohol. 

A sample dried at 120° gave the following results on analysis. 


0:1485 gave 0°3303 CO, and 01051 H,O. C = 60°66; H = 7°86. 
01668 ,, 0°3698 2 0°1072 ,, C = 60°46; H = 7°14. 
C,H yO, requires C = 60°60; H = 7:07 per cent: 


The yield of this crystalline product was very poor, and, even 
when the conditions of the experiment were altered in various ways, 
the bromo-acid was principally converted into oily compounds; on 
extracting the acid filtrate from the cis-7-camphanic acid with ether, 
a thick, yellow oil was obtained in considerable quantities, but it was 
not carefully examined, as it probably consisted of 7-hydroxycamphoric 
acid, which was more easily prepared in other ways. 

The production of cis-7-camphanic acid was fortunately rendered a 
much simpler process by the discovery that it was formed during the 
distillation of trans-7-camphanic acid-and of z-hydroxycamphoric 
acid; in both cases, as mentioned above, two compounds are formed, 
namely, cis-7-camphanic acid and the neutral lacto-anhydride already 
described ; their separation, moreover, is very easily accomplished, 
‘ owing to the insolubility of the former in cold chloroform. 

The yellowish, granular powder which remains on treating the 
solid distillation product with chloroform (p. 942) consists almost 
entirely of cis-7-camphanic acid, which can be further purified by re- 
crystallisation from alcohol; the portions finally deposited from the 
alcoholic mother liquors are coloured by some impurity which is 
difficult to remove by crystallisation, but which may be easily got rid 
of by boiling with concentrated nitric acid. 

cis-r-Camphauic acid melts at about 226°, but begins to sublime at 
temperatures considerably below its melting point, being deposited 
on the cooler parts of the tube in long, transparent needles. It 
crystallises very readily, and in a great diversity of habits, many of 
which are very beautiful, as well as characteristic. From water, in 
which it is moderately soluble at 100°, it is deposited in beautiful, 
fern-like growths, and also in highly characteristic forms consisting 
of the three diagonals of a regular hexagon. It is comparatively 
readily soluble in boiling alcohol, but only very sparingly in the 
cold, and crystallises from this solvent either in forms similar to 
those obtained from the aqueous solution, or in beautiful, transparent 
plates having the outline of a regular hexagon; these crystals are 
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also sometimes obtained from aqueous solution, the rudimentary 
growths already referred to becoming filled in. When precipitated 
from its solution in sodium carbonate by the addition of a mineral 
acid, it is frequently obtained in the form of highly lustrous, trun- 
cated, hexagonal pyramids, whereas, when it crystallises slowly from 
such solutions, it often forms long, transparent prisms, It is readily 
soluble in boiling acetic acid, very sparingly in benzene, and practi- 
cally insoluble in cold chloroform. 

It will be seen from this account that cis-7-camphanic acid is very 
different from the isomeric trans-compound in ordinary physical pro- 
perties, having a much higher melting point, and being far less 
readily soluble ; it also differs from the trans-acid in being levorota- 
tory. A solution of 1:055 gram of cis-7-camphanic acid in ethylic 
alcohol, diluted to 25 c.c., and examined at 40° in a 2-dm, tube, gave 
ay = —403°, from which [a]p = —47:'7°, Owing to the slight 
solubility of the acid in cold alcohol, the observations had to be made 
at a higher temperature than in the case of the isomeride. 

The crystallographical and optical properties of this acid are 
described by Mr. Pope in the following paper. 

cis-r-Camphanic acid has a comparatively feeble acidic character, 
and some of its salts readily undergo hydrolytic dissociation. As 
mentioned above, the acid is deposited from aqueous solutions of its 
quinoline salt which have been submitted to distillation in steam; 
when, also, the acid is dissolved in excess of ammonia and the solu- 
tion allowed to evaporate at ordinary temperatures over sulphuric 
acid, or even in the air, a considerable quantity of the acid is 
deposited. 

In spite of these facts, fairly sharp results were obtained on 
titrating with soda, using litmus as indicator; at ordinary tempera- 
tures, the substance behaves like a monocarboxylic acid, but when 
boiled with excess of sodium hydroxide it neutralises two molecular 
proportions of the alkali. 

These results show that cis-7-camphanic acid is a lactonic mono- 
carboxylic acid, which is decomposed by sodium hydroxide, giving a 
salt of cis-w-hydroxycamphoric acid; this hydroxy-compound, how- 
ever, unlike the corresponding trans-acid, is immediately re-converted 
into the lactonic acid when liberated from its salts. 

In order to confirm this conclusion by an analysis of the barium salt, 
the acid was dissolved in aqueous barium hydroxide, the boiling solu- 
tion saturated with carbonic anhydride, and filtered; on evaporating 
the filtrate, it was found that the barium salt was unstable, the solution 
slowly becoming turbid, and depositing barium carbonate ; on filtering 
again and concentrating further, a precipitate of barium carbonate 
was again formed, and, finally, a gum-like residue of the organic 
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barium salt remained. The latter was very readily soluble in water, 
and for this reason, and also because it was probably a mixture, it 
was not analysed. This curious decomposition is not due primarily 
to the action of atmospheric carbonic anhydride, as a current of this 
gas passed through a solution of the barium salt for some time does 
not produce a precipitate; it would seem, therefore, that the salt of 
the hydroxy-acid or of the cis-r-camphanic acid undergoes hydrolytic 
dissociation, the barium hydroxide being afterwards converted into 
carbonate on exposure to the air. 


Methylic cis-r-Camphanate. 


When cis-7-camphanic acid is dissolved in methylic alcohol and the 
solution treated with hydrogen chloride under the ordinary con- 
ditions without applying heat, etherification takes place very incom- 
pletely, and if, after the solution has become cold again and saturated 
with the gas it be placed aside in a closed vessel, the acid is slowly 
deposited in lustrous, truncated, hexagonal pyramids; on keeping at 
atmospheric temperature for some days, the acid does not re-dissolve, 
but if hydrogen chloride be passed into the hot solution for some 
time etherification proceeds fairly rapidly. The solution, on spon- 
taneous evaporation, deposits the crystalline methylic salt, which is 
first treated with cold, dilute, sodium carbonate solution to free it 
from acid, and then dried in the air; it is best recrystallised from a 
mixture of ether and light petroleum. 

A sample, on analysis, gave results agreeing with those required 
for the methylic salt of a lactonic monocarboxylic acid of the compo- 
sition C,H,,0.,>COOMe. 


0°1429 gave 03271 CO, and 00978 H,O. C = 62:43; H = 7°60. 
C,,H,.0, requires C = 62°26; H = 7°55 per cent. 


Methylic cis-7-camphanate melts at 74°5—75°5° ; it is very readily 
soluble in alcohol, ether, chloroform, and most organic solvents even 
in the cold, but only very sparingly in cold light petroleum; it sepa- 
rates from a mixture of ether and light petroleum in transparent 
prisms and in fern-like crystals. 


cis-7-Oamphanic Anhydride. 


cis-r-Camphanic acid is not readily acted on by acetyl chloride, 
and is recovered unchanged from a solution which has been heated 
for a considerable time ; even when it is dissolved in a large excess of 
acetic anhydride and the solution boiled for about two hours, a por- 
tion of the acid undergoes no change. On distilling off most of the 
anhydride and tlien keeping the residue over sulphuric acid and 
potash, a yellowish, crystalline product is slowly deposited ; this dis- 
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solves readily, but not completely, in cold chloroform, the insoluble 
portion being the unchanged acid, and on adding ether to the filtered 
solution the anhydride is precipitated in ill-defined plates. This pre- 
paration does not melt very sharply, owing to the presence of small 
quantities of the acid, but after repeated solution in cold benzene or 
chloroform and reprecipitation with dry ether, it seems to be homo- 
geneous. A sample purified in this way and dried over sulphuric 
acid was analysed. 
0'1443 gave 0°3333 CO, and 0°0882 H,0. C = 63:00; H = 679. 

CHO; = 2CioH,4O, — H,O requires C = 63°49; H = 6°88 per cent. 


This result shows that the substance is an anhydride formed from 
2 mols. of the acid, a conclusion which is confirmed by the fact that 
the anhydride is much less volatile than the acid; when heated in 
small quantities under atmospheric pressure, the greater portion chars, 
giving off most irritating vapours, whereas the acid itself may be 
distilled under these conditions without undergoing decomposition to 
any great extent. 

cis-7-Camphanic anhydride melts at 164—165°, and crystallises 
from most anhydrous solvents in small, transparent plates or prisms; 
it separates from methylic alcohol in fern-like crystals, which have a 
lower melting point than 164°, doubtless owing to partial hydrolysis. 
It dissolves freely in chloroform and in benzene, but is almost, if not 
quite, insoluble in cold ether, water, and dilute sodium carbonate 
solution. It is hydrolysed slowly by warm water, and when heated 
with alcoholic sodium hydroxide for a few minutes it gives a solution 
from which mineral acids precipitate cis-7-camphanic acid. 


S| 
Hydrowy-cis-7-camphanic acid, O-C,H,(OH) <COOH. 


‘The extraordinary stability of cis-7-camphanic acid is very clearly 
brought out in its behaviour towards potassium permanganate. 
When a solution of the acid (1 part) in dilute sodium carbonate is 
mixed with a dilute solution of potassiam permanganate (24 parts), 
and kept at atmospheric temperature, oxidation takes place extremely 
slowly, and the solution does not become colourless until after the 
lapse of about five weeks; even then a comparatively small propor- 
tion of the acid has undergone oxidation, since on evaporating the 
filtered alkaline solation and acidifying with hydrochloric acid a pre- 
cipitate of cis-7-camphanic acid is produced, and the quantity thus 
recovered is at least 50 per cent. of the amount originally taken. 
When the acid filtrate from the cis-acid is evaporated to dryness, the 
residue extracted with methylic alcohol, and the extract evaporated, 
there remains a pale yellow oil which begins to deposit crystals on 

38 2 
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the addition of a few drops of water; these crystals consist of a 
mixture of cis-7-camphanic acid and a new hydroxy-lactonic mono- 
carboxylic acid of the composition Ci>H,,O;. 

As oxidation proceeded so slowly, and was so incomplete at ordi- 
nary temperatures, experiments were made under other conditions, 
and it was found that the new acid could be more rapidly prepared 
by dissolving cis-7-camphanic acid (1 part) in a slight excess of 
dilute sodium carbonate solution, heating at 95—100°, and adding in 
the course of about nine hours an aqueous solution of potassium per- 
manganate (5 parts). Hven under these circumstances, about 20 per 
cent. of the cis-7-camphanic acid is recovered, and the yield of the 
hydroxy-acid is comparatively small, a considerable quantity of oily 
products being obtained. Further attempts to improve the method 
of preparation, or, rather, to obtain different products of oxidation, 
by first boiling the cis-7-camphanic acid with concentrated potash, in 
order to hydrolyse the lactonic ring, and then treating the alkaline 
solution with permanganate, were unsuccessful ; apparently oxidation 
took place just as slowly, and the quantity of unchanged cis-7-cam- 
phanic acid which was finally recovered was about the same as 
before. 

The new compound, obtained by these methods, was finally sepa- 
rated from cis-7-camphanic acid by treating the mixture with cold 
dilute alcohol, evaporating the filtered solution and recrystallising the 
residue from a mixture of moist acetone and ether, . 

Hydroxy-cis-7-camphanic acid was thus obtained in long trans- 
parent prisms, which were dried in the air for some time; they thev 
contain 1 mol. of water of crystallisation. 


0°2839 gram lost 0°0245 gram H,0 at 100°. H,O = 863. 
C,H,Os + H,O requires H,O = 7°76 per cent. 


A sample which had been dried at 100° until the weight was 
constant was analysed. : 
0:1461 gave 0°3005 CO, and 00870 H,0. C = 56:09; H = 6°62. 
CywH,,0; requires C = 56°07; H = 6°54 per cent. 


Hydroxy-cis-7-camphanic acid crystallises from water in long, trans- 
parent needles, which become opaque at 100°, and melt at 264—265°. 
It is very readily soluble in alcohol, acetone, hot ether, and boiling 
water, but it is much less readily soluble in boiling chloroform, and 
rather sparingly so in boiling benzene. It has an acid reaction to 
litmus, dissolves in sodium carbonate solution with effervescence, and 
has all the properties of a carboxylic acid. In a neutral solution of 
the ammonium salt, solutions of lead acetate, silver nitrate, magnesium 
sulphate, calcium chloride, and barium chloride do not produce 4 
precipitate ; a solution of copper sulphate also gives no immediate 
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precipitation in the cold, but, on boiling, a copper salt is quickly 
deposited in beautiful bluish-green, transparent prisms. 

Hydroxy-cis-7-camphanic acid, as was to be expected from its 
method of preparation, is an extremely stable substance, and may be 
heated with concentrated nitric acid for hours without undergoing 
oxidation to any appreciable extent; on subsequently evaporating the 
solution, a homogeneous deposit of the hydroxy-acid is obtained. 
A solation of its sodium salt does not decolorise a solution of potas- 
sium permanganate except on prolonged boiling. 


co 
COOH’ 

The presence of a hydroxyl group in hydroxy-cis-7-camphanic acid 
is shown by the formation of an acetyl derivative. When the anhy- 
drous acid is boiled with excess of acetyl chloride for about two 
hours, and the solution finally evaporated over sulphuric acid and 
potash, there remains a yellowish syrup, which does not crystallise 
readily, but which, when mixed with a little ether, deposits a small 
quantity of a crystalline product; after separating the latter by 
filtration, and evaporating the ethereal solution, the acetyl derivative 
is again obtained as: an oil, which slowly solidifies to a mass of 
crystals. Even after getting rid of oily impurity with the help of 
porous earthenware, this substance invariably separates as an oil 
when its solutions in various solvents are allowed to evaporate spon- 
taneously ; if, however, the oil be dissolved in a little ether, the 
solution mixed with a considerable quantity of light petroleum, and 
then heated on a water bath, long needles or prisms gradually sepa- 
rate from the petroleum solution above the layer of oil; these are 
then removed, a little. ether added, and the heating continued, where- 
upon a second crop of crystals is obtained; by repeating these 
operations practically the whole of the original oil can be obtained in 
colourless crystals. 

A sample which had been further purified and dried at 100° was 
analysed. 


0°1506 gave 0°3110 CO, and 0°0863 H,O. C= 56°32; H = 6:36. 
CioH,305;CO-CH; = Cy.HyO. requires C = 56°25; H = 6°25 per cent. 


w-Acetoxy-cis-7-camphanic acid crystallises from a mixture of light 
petroleum and ether in white, feathery needles or prisms, and from 
methylic alcohol in colourless, transparent crystals, which contain 
water or methylic alcohol; it is very readily soluble in‘ cold ether, 
chloroform, benzene, and acetone, but only very sparingly in boiling 
light petroleum; crystals deposited from anhydrous solvents melt at 


w-Acetoxy-cis-r-camphanic acid, O-CsH,,(0OAc)< 
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123—124°. It is moderately soluble in boiling water, from which it 
separates on cooling in long needles, which doubtless contain water 
of crystallisation, as they melt immediately when rapidly heated at 
100°, but do not liquefy until 123—124°, if heated slowly from about 
60°. 

Crystals deposited from cold, dilute methylic alcohol were ex- 
amined by Mr. Pope, with the following results. 

“ Acetoxy-cis-r-camphanic acid crystallises in small, colourless, trans- 
parent plates belonging to the monosymmetric system (Fig.4). The 
pinacoid a{100} is the dominant 
form, and the form c{001} is also 
usually large. The prisms r{101} 
and 1,{101} are generally small, 
and frequently absent; the form 
p{110} is usually large and well 
developed. The dome q{011} and 
the pyramid o{111} are rarely pre- 
sent, and only approximate mea- 
surements can be obtained from 
their faces. The reflections given by 
the pinacoid a{100} and the dome 


p{110} are very good, but those 
from all the other forms are poor. 

“The plane of symmetry is the optic axial plane, and one optic 
axis emerges through a(100); the optic axial angle is fairly large, 
and the double refraction is positive and weak. The optic axial 
angle for blue, is greater than that for red, light. The crystals 
possess no apparent cleavage. 


“Crystalline system. Monosymmetric. 
a:b:¢=0974:1:1:159. 
B = 70° 35’. 
*“‘ Forms present : 
a{100}, c{001}, r{ 101}, 7,{101}, g{011}, of 111}, p{110}. 


“The following angular measurements were obtained. 
Number of 
Angle. measurements. Limits. Mean. Calculated. 

100 : 101 18 30° 20’—33° 7’ 31° 47’ — 
101 : 001 11 388 17—39 45 8 38° 49’ 
001 : 101 61 3—62 23 61 41 
101 : 100 } 47 16—48 43 — 
100 : 110 42 28—45 15 _ 
110 : 110 ‘ 90 25—93 30 91 30 
100 : O11 75 41—78 26 77 (3 
011 : I11 41 18—43_ $2 43 40 
100 : 111 59 8—60 56 59 17 


Hund é 
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“ After melting on a microscope slide the substance solidifies very 
slowly, the crystallisation requiring nearly an hour for completion. 
The resulting mass consists of long, straight, crystalline flakes, the 
faces of which are nearly perpendicular to the negative bisectrix of a 
large optic axial angle.” 

That w-acetoxy-cis-7-camphanic acid is a carboxylic acid is shown 
by its reaction to litmus, and by the fact that it dissolves readily in 
a cold dilute solution of sodium carbonate, expelling carbon dioxide. 
The ammonium salt is obtained in transparent plates on dissolving 
the acid in a slight excess of dilute ammonia, and allowing the solu- 
tion to evaporate ; it is readily soluble in methylic alcohol, and when 
treated with a mineral acid it gives a precipitate of the original 
acetyl derivative of the cis-acid. The silver salt is readily soluble in 
cold water, and is only deposited from concentrated solutions of the 
ammonium salt under the usual conditions; it appears to be amor- 
phous. Solutions of lead acetate, magnesium sulphate, calcium chlor- 
ide, and barium chloride do not produce a precipitate when mixed 
with a solution of the ammonium salt, but ferric chloride gives a 
light buff, amorphous precipitate ; copper sulphate gives a bluish- 
green precipitate, which is readily soluble in cold water, but, on 
heating, an insoluble, apparently crystalline, copper salt is deposited. 

The crystalline substance which is precipitated from the crude, 
oily product, on the addition of ether (see above), is very easily puri- 
fied by recrystallisation from chloroform, from which it separates in 
compact prisms melting at 192—193°; it is much more sparingly 
soluble than w-acetoxy-cis-r-camphanic acid in most ordinary solvents, 
and hardly dissolves at all in boiling methylic alcohol or in benzene, 
although readily soluble in acetone. It is practically insoluble in 
boiling water and in a cold solution of sodium carbonate. 

0'1020 gave 02174 CO, and 0°0564 H,O. C = 5813; H = 614. 
Cx~Hy»On(= 2C,.H,O. — H,O) requires C = 58°33; H = 6:07 p.c. 
CoH.0.(= 20H yO; — H,0) ” C= 585; H=63 

The neutral character of the compound, its method of formation, 
and the above analysis show that it may be the anhydride, either of 
w-hydroxy-cis-7-camphanic acid or of w-acetoxy-cis-7-camphanic acid ; 
between these alternatives, however, a choice is difficult, inasmuch as 
when w-acetoxy-cis-7-camphanic acid is boiled with acetyl chloride, it 
is not converted into the compound in question. 


trans-Camphotricarborylic acid, C;H,,(COOH));. 


Although cis-w-camphanic acid is so remarkably stable towards 
oxidising agents in general, and especially towards nitric acid, the 
isomeric trans-acid is very easily oxidised by nitric acid, by which it 
is converted into a tricarboxylic acid of the composition CyH,O4,; in 
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the formation of this compound, the lactone ring in the trans-acid no 
doubt undergoes hydrolysis, and the -CH,OH group is then oxidised 
to the carboxyl group. 

The preparation of trans-camphotricarboxylic acid is an easy matter 
under the following conditions. Purified trans-7-camphanic acid 
(6 parts) is covered with a mixture of nitric acid of sp. gr. 1°4 (23 
parts) and water (15 parts), and a gentle heat applied; the crystals 
rapidly pass into solution, and as soon as the temperature has risen a 
little, oxidation commences, as is shown by the formation of ruddy 
fumes ; at the same time the solution usually acquires a blue colour 
just like that of a moderately dilute solution of copper sulphate. 
After heating until ruddy fumes are only slowly evolved, which is 
the case in about an hour’s time, the almost colourless solution is 
poured into a basin and concentrated by evaporation until crystalli- 
sation commences; it is then allowed to cool, and the crystals are 
separated by filtration and washed with a little water: The mother 
liquors and washings are combined and again evaporated to crystalli- 
sation, the crystals being separated as before; these processes are 
repeated until only a few drops of solution are left. 

The acid which is thus obtained, both in the form of colourless, 
apparently anhydrous, prisms, and also in hydrated crystals, is homo- 
geneous, and has a sharp melting point; when the various crops of 
crystals are placed together and dried at 100°, the preparation appears 
to he a mixture, as those deposited during the later stages—when 
most of the nitric acid has been expelled—become opaque, the others 
remaining transparent; nevertheless, they all consist of trans- 
camphotricarboxylic acid, and no other product is formed under the 
conditions stated above, at any rate in any appreciable quantity, the 
yield of the tricarboxylic acid being practically theoretical. In a 
quantitative experiment 6 grams of anhydrous trans-7-camphanic acid 
gave 6:2 grams of anhydrous trans-camphotricarboxylic acid, melting 
sharply. at the correct temperature, and free from any estimable 
quantity of impurity. It is essential, however, that the nitric acid 
used for oxidising should not be too dilute, otherwise the reaction 
takes a different course, as described later, and the yield of crystal- 
line trans-camphotricarboxylic acid is very poor. 

Although the method just given was found to be the most suitable 
one for the preparation of trans-camphotricarboxylic acid, this com- 
pound may also be obtained by boiling trans-7-camphanic acid for a 
long time with dilute sulphuric acid and chromic acid; in this case 
also the tricarboxylic acid seems to be the sole product of oxidation, , 
but as the presence of small quantities of other compounds might 
easily pass undetected, it is not possible to make as definite an asser- 
tion as when nitric acid is used as oxidising agent. 
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A much more. important point, owing to its bearing on the nature 
of the change which occurs in the formation of the tricarboxylic acid, 
is the fact that this acid is produced by the oxidation of »-hydroxy- 
camphoric acid ; on warming the latter on the water bath with moder- 
ately concentrated nitric acid, ruddy fumes are rapidly formed, and 
after heating for about two hours the solution yields, on evaporating, 
a colourless, crystalline acid, identical with the compound obtained 
from trans-7-camphanic acid. When the nitric acid is sufficiently 
strong, trans-camphotricarboxylic acid seems to be the only product, 
but in one experiment a small quantity of an acid melting at about 
218° was also isolated ; the formation of the latter was probably due 
to the use of weak nitric acid, which in the case of trans-7-camphanic 
acid gives rise to different products (compare p. 960). 

trans-Camphotricarboxylic acid crystullises from cold water, in 
which it is very readily soluble, in lustrous, transparent, six-sided 
plates; these crystals become opaque at 100°, and contain 4 mol. 


H,0. 


0'8577 air-dried acid lost 0°0366 H,O at 100°. H,O = 4°26. 
0:4630 rf i 0°0184 H.O at 100°. H,O = 3°97. 
C,oHuO. + 3H,0 requires H,O = 3°76 per cent. 


A sample of the anhydrous acid, recrystallised from a mixture of 
methylic alcohol and ether, and dried at 100°, was analysed. 


0°1500 gave 0°2860 CO, and 0°0829 H,O. C = 52:00; H = 614. 
C\oHyO, requires C = 52°17; H = 6:09 per cent. 


trans-Camphotricarboxylic acid seems to be more sparingly soluble 
in concentrated hydrochloric or nitric acid than in water, but the 
difference is not so great that it is deposited from a cold saturated 
aqueous solution on the addition of the mineral acid; the crystals 
deposited from a solution in concentrated nitric acid are long, 
transparent prisms, and seem to be anhydrous, as they do ‘not 
become opaque at 100°. The anhydrous acid separates from a mix- 
ture of chloroform and ether, and from ether alone, in large, trans- 
parent plates, which rapidly become opaque on exposure to the air; 
it is very readily soluble in acetone and alcohol, and moderately 
easily in ethylic acetate, but nearly insoluble in boiling chloroform 
and benzene. It melts at. 195—196°, effervescing considerably, but 
charring very little. 

trans-Camphotricarboxylic acid is dextrorotatory in solution, like 
the z-hydroxycamphoric acid, corresponding with it in configuration ; 
an alcoholic solution of 1:024 gram of the acid diluted to 25 c.c. and 
examined at 20° in.a 2-dm. tube gave ap = +3°05° as the average 
of six concordant readings. Specific rotation, [@]p = +37°2°. 
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The crystallographic character of this acid is described by Mr. 
Pope in the succeeding paper. 

trans-Camphotricarboxylic acid, like cis-r-camphanic acid, is an 
extraordinarily stable substance. It may be heated at 100° with 
nitric acid of sp. gr. 1°5, or with weaker acid, for many hours, 
without being changed. A mixture of approximately equal volumes 
of concentrated sulphuric acid and nitric acid of sp. gr. 1°42 has 
very slight, if any, action, even on heating at 100° for some hours, 
and, on subsequently allowing the solution to cool, trans-camphotri- 
carboxylic acid is deposited. It is only very slowly acted on by a 
boiling solution of chromic acid in dilute sulphuric acid; such a 
solution of the ¢rans-acid, which had been heated during 60 hours, 
and which was still yellowish-brown, was repeatedly extracted with 
ether; on evaporating the dried extract, trans-camphotricarboxylic 
acid was deposited in crystals, and no other product could be 
detected ; it is probable, therefore, that the small proportion of the 
acid which underwent oxidation was converted into acetic acid or 
carbonic anhydride. A solution of the sodium salt of the acid does 
not decolorise a very dilute solution of potassium permanganate 
except on keeping for a long time, and bromine at ordinary tem- 
peratures seems to be without action on the acid; on treatment 
with bromine and amorphous phosphorus at 100°, however, the 
trans-acid is readily attacked, as described later. 

The silver salt was prepared and analysed in order to prove the 
presence of three carboxyl groups in the acid. This salt was pre- 
cipitated from a solution of the ammonium salt, washed with water 
and alcohol successively, and dried at 100°. 


0'2588 gave 0°1505 Ag. Ag = 58°15. 
C,.H,,0,Ag; requires Ag = 58°7 per cent. 


Silver trans-camphotricarboxylate is only sparingly soluble in 
cold water, and turns pink on exposure to sunlight, but it does not 
change colour when heated at 100° in the dark. On titrating the 
tricarboxylic acid with a solution of sodium hydroxide, using litmus 
as indicator, the solution became neutral after adding almost exactly 
two-thirds of the quantity of alkali theoretically required for a tri- 
carboxylic acid (namely, 12°7 c.c. instead of 18°4 c.c., and 20°2 c.c. 
instead of 31'4 c.c.); the change in colour, however, was not very 
sharp, and the exact point was difficult to determine. Using 
phenolphthalein as indicator, the results agreed fairly well with 
those required for a tricarboxylic acid, but in this case also the 
end reaction was not very sharp. This behaviour is similar to that 
of some of the substituted butanetetracarboxylic acids (Lean, 
Trans., 1894, 6'7, 995). 
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A solution of trans-camphotricarboxylic acid in excess of ammonia 
acquires an acid reaction on evaporating it on the water bath. In 
a neutral or very faintly ammoniacal solution of the ammonium 
salt, copper acetate produces a light greenish-blue, lead acetate a 
colourless, and ferric chloride a light buff, amorphous precipitate ; 
these three salts seem to be insoluble or practically insoluble in 
boiling water. Magnesium sulphate and cobalt nitrate do not give 
precipitates. 

The behaviour of a faintly ammoniacal solution towards the 
chlorides of barium and of calcium is very characteristic, and 
serves as a fairly delicate test for small quantities of trans-campho- 
tricarboxylic acid. In very concentrated solutions, barium chloride 
nso an apparently amorphous precipitate, which rapidly dis- 
solves on adding a little water; in more dilute solutions, no precipi- 
tate is produced at ordinary temperatures, but, on warming gently, 
a thick, apparently crystalline, precipitate is formed, which dis- 
appears as the liquid cools again; this precipitation on heating, 
and re-solution on cooling, may be repeated; the salt is also precipi- 
tated from cold solutions on the addition of a little alcohol. 

On adding calcinm chloride to a faintly ammoniacal solution, a 
bulky, apparently amorphous, precipitate is thrown down; this sub- 
stance, probably the normal salt, is readily soluble in acetic acid ; on 
expelling the acetic acid by repeatedly boiling down after adding 
water, a compound is slowly deposited in well-defined prisms. This 
salt seems to be insoluble in boiling water and also in dilute acetic 
acid; it does not contain water of crystallisation, and appears to 
be the calcium hydrogen salt, analyses of a sample dried at 100° 
having given the following results. 

0°2174 gave 0°10382 CaSO,. Ca = 14°98. 

03318 ,, 0°1663 CaSO,. Ca = 15°04. 

C1oH120,.Ca requires Ca = 14°92 per cent. 

Many of the constitutional formule which have been proposed 
for camphoric acid, Bredt’s among others, represent it as contain- 
ing methyl groups, one of which is united to a carbon atom which 
in its turn is directly combined with a carboxyl group; trans. 
camphotricarboxylic acid, moreover, is doubtless derived from cam- 
phoric acid by indirectly converting a particular methyl group into 
carboxyl. Hence it was desirable to ascertain experimentally 
whether this particular methyl group which undergoes change is 


also that which is supposed to be united to the -¢-COOH com- 


plex; in other words, whether any two of the carboxyl groups in 
trans-camphotricarboxylic acid are directly combined with one and 
the same carbon atom. 
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The behaviour of trans-camphotricarboxylic acid when it is heated 
alone affords strong evidence that no two carboxyl groups are 
directly united to the same carbon atom, since carbonic anhydride is 
not evolved even at temperatures considerably above 260°. It might 
be argued, however, as Tiemann has done in support of his consti- 
tutional formula for camplhoronic acid (Ber., 1895, 28, 2163), that 
since the tricarboxylic acid is converted into its anhydride under the 
above conditions, this decomposition is prevented by the formation of 

C-CO. 
the relatively stable group : . YO. Although such an 
COOH:C-CO 
argument is not very convincing, the behaviour of an aqueous solu- 
tion of trans-camphotricarboxylic acid at high temperatures was also 
examined, the probability that a stable anhydride would be formed 
under these conditions being very remote. 

For this purpose, a small quantity of the purified tricarboxylic acid 
was dissolved in a little water, and the solution heated in a sealed 
tube during several hours, the temperature, which was at first kept 
at about 200°, being ultimately raised to 260°. Before opening the 
tube, there was not sufficient internal pressure to burst the heated 
capillary, although the contents had carbonised a little, and, on 
evaporating the filtered aqueous solution, crystals of trans-camphotri- 
carboxylic acid were deposited, It is true that the acid did not crys- 
tallise very readily until after it had been purified by digestion with 
a little concentrated nitric acid, but the large quantity which then 
separated in crystals showed that comparatively little had undergone 
change; the presence of the small quantity of foreign matter which 
retarded the crystallisation of the crude product was doubtless due to 
carbonisation ; possibly also a small proportion of the acid had under- 
gone stereoisomeric change. 

Oxidation of trans-Camphotricarboaylic acid with Permanganate.— 
In spite of the ascertained stability of trans-camphotricarboxylic 
acid towards an alkaline solution of potassium permanganate, it 
seemed probable that some simple oxidation product might be 
obtained as the result of prolonged treatment at ordinary tempera- 
tures. ‘A solution of the purified tricarboxylic acid (2°6 grams) 
in dilute sodium carbonate was therefore mixed with an aqueous 
solution of potassinm permanganate (3'7 grams = 2 mols.) and 
kept at atmospheric temperature; at the expiration of more than 
six weeks, a considerable quantity of hydrated oxide had been 
deposited, but the solution had still a fairly deep pink colour.. It 
was therefore warmed on the water bath during about six hours, 
at the end of which time the colour was discharged. After filter- 
ing, the clear alkaline solution was boiled down to a small bulk, 
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cooled, and excess of concentrated hydrochloric acid added; the 
crystalline precipitate which was gradually produced was separated, 
washed with a little dilute hydrochloric acid, and dried at 100°; it 
consisted of trans-camphotricarboxylic acid mixed with traces of 
alkali chlorides, and melted sharply at 194—195°. The quantity thus 
immediately recovered was 1:7 grams. The mother liquors were 
evaporated to dryness, and the crystalline residue, consisting for the 
most part of alkali chlorides, repeatedly extracted with warm ether ; 
finally the residue was extracted with methylic alcohol until free 
from organic matter. The methylic alcohol extract gave, on evapo- 
ration, only a minute residue, which, moreover, was rich in inorganic 
chlorides, and which was not investigated. The ethereal extract, on 
spontaneous evaporation, yielded in the first place a small crop 
(02 gram) of trans-camphotricarboxylic acid, and then an oily 
residue which did not crystallise very readily; on adding a little con- 
centrated hydrochloric acid, however, and allowing the mixture to 
stand after expelling the ether, a further quantity of the tricarb- 
oxylic acid was deposited, together with a considerable proportion of 
oxalic acid, which was identified by the usual tests. Other sub- 
stances, as far as could be ascertained, were absent, and, consider- 
ing the large proportion of the tricarboxylicacid which was recovered, 
there is little doubt that the relatively small quantity which was 
attacked under the above conditions had been completely oxidised to 
oxalic acid. 


trans-Camphotricarboxylic Anhydride, COOH-C;Hi<60> 0. 


trans-Camphotricarboxylic acid, like z-bromocamphoric acid, is 
very readily converted into its anhydride, this change taking place to 
a greater or less extent when the acid is heated at 200—210° for a 
short time. The anhydride is most conveniently prepared, however, 
by heating the anhydrous acid for about half an hour with acetyl 
chloride, in which it dissolves slowly ; the solution is then evaporated 
and the residue recrystallised from a mixture of ether and chloro- 
form. 


0°1664 gave 0°3432 CO, and 0°0854 H,O, C = 5625; H = 5°63, 
CyH,20;5 requires C = 56°60; H = 5°66 per cent. 


trans-Camphotricarboxylic anhydride melts at 253—254°, but 
begins to sublime at a much lower temperature ; it is readily soluble 
in boiling chloroform and ether, and moderately easily in boiling 
benzene, but insoluble, or nearly so, in light petroleum ; it crystallises 
extremely well from a mixture of chloroform and ether, and, for the 
following account of the crystals thus obtained, the author is again 
indebted to Mr. Pope. 
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“ trans-Camphotricarboxylic anhydride is obtained in colourless, 
transparent, monosymmetric crystals of 5 mm. or so in length, and of 
very variable habit (Fig. 5); they are, however, usually lengthened 
along the b-axis, and flattened perpendicularly to the a-axis. The 
pinacoid a{100} is usually the dominant form, although sometimes 

absent; it gives very good re- 
Fie. 5. flections; the pinacoid ¢{001} 
and the prism form r{101} are 
generally small, but give trust- 
worthy results on measurement. 
The dome form q{011} is some- 
times the dominant form; .it 
gives poor reflections, owing 
to its being considerably cor- 
roded. The pyramid o{111} is rarely observed, and only as a very 
narrow replacement on the edge aq; the measurements obtained from 
it can only be regarded as approximate. The pinacoid b{010} is 
usually present, but only as the half-form; it is very dull and 
corroded, and only gives poor reflections. The presence of but one 
face of the form b{010} gives the crystals a hemimorphic habit, and 
further evidence of hemimorphism was therefore sought ; no evidence 
of the development of pyro-electricity could be found by dusting the 
cooling crystals with the electrified mixture of powders by Kundt’s 
process. Further, on etching the form a{100} with water, very 
distinct etch-lines were obtained; they were, however, always 
parallel to the trace of the plane of symmetry on the face, so that the 
only evidence of hemimorphism consists in the constant occurrence of 
the half-form of b{010}. 
- “The plane of symmetry 6(010) is the optic axial plane. The 
pinacoid a{100} is nearly perpendicular to a positive bisectrix, 
which is probably the obtuse one; an optic axis emerges through 
a{100} in the angle ar. It was found difficult to grind sections for 
the optical examination, owing to the ready manner in which the 
crystal surface undergoes disintegration, causing the surface to 
become coated with a layer of fine particles showing aggregate 
polarisation. The crystals have a conchoidal fracture, but no pro- 
nounced cleavage, and can readily be hacked in any required direc- 
tion; the fragments thus obtained, however, are unsuitable for optical 
examination because they mostly show aggregate polarisation. 


“Crystalline system. Monosymmetric. 
a:b:c = 1:0186: 1 : 0°6255. 
B = 63° 28’. 
' Forms present: 
a{100}, b{010}, c{O01}, r{ 101}, g{O11}, ofI11}. 
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“The following angular measurements were obtained : 


Number of 
Angle. measurements. Limits. ; Calculated. 
17 56° 16’— 56° ay! 
13 59 41— 60 60° 2’ 
18 638 9— 638 — 
21 50 — 29 — 
19 16 — 61 46 
14—121 32 
18 — 58 28 
41— 67 5 3 
45 —113 57 
43 — 64 24 9 
35 —116 51 
1— 61 42 
49 — 52 52 15 
— 27 33 
— 124 54 


| | 


“On melting the anhydride on a microscope slide under a cover 
slip, it readily solidifies on cooling, giving a singly-refracting sub- 
stance, which is consequently a cubic modification. The mass, on 
further cooling, changes suddenly into a uniaxial modification of 
negative double refraction; this form is seen to consist of large 
patches, which are filled with long strie of twinned fragments, the 
corresponding directions in which lie at 90° and 61° (approx.) to each 
other. As this uniaxial modification is certainly crystallographically 
different from the biaxial monosymmetric form obtained by crystal- 
lisation from solution, camphotricarboxylic anhydride would seem to 
be trimorphous.” 

trans-Camphotricarboxylic anhydride dissolves at once in a cold 
dilute solution of sodium carbonate, the accompanying effervescence 
showing that the substance is still a carboxylic acid; when the finely 
powdered anhydride is shaken with cold water, it passes into solution 
extremely slowly, the water becoming distinctly acid to litmus. 
Even boiling water, in which it dissolves freely, hydrolyses it com- 
paratively slowly, as, on cooling, it is deposited for the most part 
unchanged in long needles; when heated for a very short time with 
concentrated nitric acid, however, it seems to be completely converted 
into the tricarboxylic acid. The anhydride distils, when heated in 
small portions at a time under atmospheric pressure, charring only 
very slightly, and the distillate at once solidifies to a crystalline 
mass; the latter consists principally of the unchanged trans-anhydride, 
but it also contains a substance which crystallises in prisms melting 
at 220°, and which is doubtless the stereoisomeric anhydride described 
later (p. 970). 
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Oxidation of trans-7-Camphanic acid with very dilute Nitric acid. 


According to the views already expressed, 7-hydroxycamphoric acid 
contains the group -CH,-OH, which is characteristic of primary 
alcohols ; when, therefore, this acid, or its lactone—trans-7-camphanic 
acid—undergoes oxidation, yielding trans-camphotricarboxylic acid, 
an aldehyde should be formed as an intermediate product of oxida- 
tion. In order, if possible, to obtain some evidence of the formation 
of this aldehyde, experiments were made on the incomplete oxidation 
of trans-7-camphanic acid, this compound being more easily purified 
than the hydroxy-acid. 

When trans-7-camphanic acid is warmed on the water bath with 
about four times its weight of 5 per cent. nitric acid, it slowly dis- 
solves, giving a deep green solution, which does not yield crystals’ of 
the original lactonic acid on evaporation. When a portion of this 
solution was neutralised with ammonia and an ammoniacal solution 
of silver nitrate added, a slight, but distinct, precipitate of silver was 
obtained after warming gently, Another portion of the solution, 
boiled with phenylhydrazine and a few drops of acetic acid, gave, on 
cooling, a crystalline deposit, which, after recrystallisation from 
dilute alcohol, was obtained in yellowish, fern-like forms; since trans- 
m-camphanic acid, 7-hydroxycamphoric acid, and trans-camphotri- 
carboxylic acid do not give a precipitate when treated with pheny]l- 
hydrazine under these conditions, the above tests indicate the presence 
of an aldehyde in the solution of the partially oxidised 7-hydroxy- 
camphoric acid, 

When, moreover, with the intention of completing oxidation and 
obtaining trans-camphotricarboxylic acid, a fairly large quantity of 
concentrated nitric acid was added to the warm solution, an extremely 
violent action occurred, such as might well be due to the oxidation of 
an aldehyde, and dense, ruddy fumes were evolved. The solution, 
after having been heated for about an hour longer, gave, on evapora- 
tion, a yellowish-green syrup, instead of a colourless, crystalline 
product free from oil, such as is obtained on oxidising the lactonic 
acid at the outset with fairly concentrated nitric acid in the manner 
already described (p. 952). Further experiments showed that when 
dilute nitric acid was used at the commencement of the oxidation 
process, ¢rans-7-camphanic acid always gave a syrupy product, and, 
although, after keeping for some days, crystals of the tricarboxylic 
acid were deposited, the yield of the latter was invariably very 
small, being, on the average, only about 25 per cent. of the theoretical. 
The syrupy mother liquors, moreover, did not yield any tricarb- 
oxylic acid on prolonged warming with dilute or concentrated nitric 


acid, 
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In the hope of obtaining some definite oxidation product of trans- 
7-camphanic acid, other than the tricarboxylic acid, the uncrystal- 
lisable residues from various experiments were freed from water as 
much as possible by heating at 100°, and then boiled during about an 
hour with acetic anhydride; the dark brown liquid which remained 
after boiling off most of the anhydride was mixed with ether, the 
solution filtered from a small quantity of flocculent, carbonaceous 
matter, and placed aside. After some time crystals were deposited, 
and the addition of ether produced a further separation of the same 
substance ; this product was easily purified by recrystallisation from 
hot chloroform, from which it separated in colourless prisms. It 
contained nitrogen, and gave the following results on analysis. 


0'1365 gave 0°2691 CO, and 0°0651 H,O. C = 53:76; H = 5°30. 
CioH,,0;-NO, requires C = 53°3; H = 4°9 per cent. 


It crystallised from a mixture of ether and chloroform in 
transparent prisms, somctimes an inch in length; these crystals 
became opaque at about 130°, doubtless owing to a change in crys- 
talline form, and began to effervesce and char at about 196°, slowly 
and completely decomposing if kept at this temperature ; when heated 
quickly from about 180°, however, they decomposed from 196 to 206°. 
The substance was moderately soluble in cold ether, rather sparingly 
incold methylic alcohol, and sparingly in boiling light petroleum. It 
seemed to be insoluble in cold, but was slightly soluble in boiling 
water, from which it was deposited, on cooling, in minute needles; it 
was also insoluble, or nearly so, in a cold dilute solution of sodium 
carbonate, but it rapidly dissolved in hot aqueous caustic alkalis. 

The formation of this substance in the manner described above, its 
neutral character, and the analytical results, point to the conclusion 
that it is the anhydride of an acid of the composition CiH,30,'NO, ; 
the formation of such an acid from trans-7-camphanic acid, however, 
is not easily accounted for, and as all attempts to throw some light 
on the nature of the substance failed, owing to lack of material, its 
composition cannot be regarded as established. 


Isomeric Lactones derived from. w-Hydroaycamphotricarboxylic acid. 


It has been stated above that all attempts to obtain an oxidation 
product derived from trans-camphotricarboxylic acid in a simple 
manner, were unsuccessful, owing to the extraordinary stability of 
the acid; under these circumstances the most promising course to 
adopt seemed to be, to try and convert the tricarboxylic acid into a 
hydroxy-derivative, which would probably prove to be more readily 
oxidisable. For this purpose it was first necessary to brominate the 
acid; experiments made with this object showed that trans-campho- 
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tricarboxylic acid is not acted on when treated with bromine at 
ordinary temperatures under various conditions, but that its bromina- 
tion can be readily accomplished in the following manner :—Paritied 
trans-camphotricarboxylic acid (5 grams), dried at 100°, is intimately 
mixed with nalf its weight of dry amorphous phosphorus, the 
mixture placed in a Wurtz flask and dry bromine slowly added from 
a dropping funnel fitting into the flask; after about 4.c. of the 
halogen have been run in and the first violent action is at an end, 
the flask is heated on a water bath and the addition of bromine con. 
tinued very slowly. In the course of about 1} hours, and when 
about 12 c.c. of bromine have been added, the evolution of hydrogen 
bromide seems to slacken, and bromine vapour escapes freely from 
the side-tube of the flask, but the end of the reaction is not easily 
ascertained. The contents of the vessel, namely a reddish-brown oil, 
which solidifies almost completely on cooling, are now transferred to 
an evaporating basin, and the excess of bromine is expelled by 
heating on a water bath. 

The crude oily product is then cooled and slowly poured iuto a 
small quantity of ‘cold water, with which it is afterwards well 
stirred ; the clear aqueous solution, which contains the inorganic 
acids only, is then decanted and the residual oil warmed on the 
water bath with a small quantity of fresh water. During this process 
the product begins to crystallise, at the same time passing into soln- 
tion, and if after a short period water is added in fairly large 
‘quantity, the whole heated to boiling and then filtered, a crystalline 
substance is deposited from the filtrate on cooling; the crystals are 
separated, the liquors again evaporated, filtered from a brown, 
flocculent substance, and allowed to cool; in this way a second crop 
of crystals is obtained, and by repeating these operations further 
quantities may be separated until very little liquid is left. The 
yield of crude air-dried product is about 75 per cent. of the trans- 
camphotricarboxylic acid employed; during the evaporation of the 
solutions, carbonisation takes place to a slight extent, doubtless 
owing to the presence of the hydrobromic acid, and the solutions in- 
variably deposit brown flocks after renewed concentration. 

The crude product consists usually of a mixture of two, sometimes 
of three substances; on treating it with boiling benzene a small 
proportion sometimes passes into solution, and on evaporating the 
filtered extract, colourless transparent crystals are deposited, which, 
when warmed, become opaque, and melt at about 178°. This com- 
pound is not always present, and, in any case it is obtained in very 
small quantities ; as it was found to be converted by recrystallisation 
from water into the 8-lactone described later on, it was not further 
exam‘ned, 
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The portion of the crude product which is insoluble in benzene, 
consists for the most part of a substance melting at about 220°, and 
on fractional crystallisation from a mixture of ether and methylic 
alcohol, this compound is finally deposited in colourless, ill- defined 
prisms. It was dried over sulphuric acid, and analysed. 


0'1455 gave 0°2816 CO, and 0:0683 H,O. C = 52°78; H = 5-21.. 
CioH,2,0, requires C = 5263; H = 5:26 per cent. 


The analysis shows that the compound contains two atoms of 
hydrogen less than trans-camphotricarboxylic acid; this fact, and 
the method of formation show that the substance is derived from a 
hydroxycamphotricarboxylic acid, CijoH,,0;, by the loss of 1 mol. of 
water; for the reasons already stated (p. 922) it is regarded as a 
lactonic dicarboxylic acid, and is distinguished from the isomeride 
described below by using the prefix £. 

The f-lactone of hydroxycamphotricarboxylic acid is sparingly 
solable in cold, but readily in hot, water from which it separates on 
cooling, in long, flat, transparent, lustrous prisms; these crystals 
become opaque at about 200° when heated quickly from about 175°, 
and at about 210° they disintegrate and increase in bulk in a very 
noticeable manner, but remain colourless; the powder thus formed 
begins to turn greenish and melts at 220°, at the same time effer- 
vescing. From a mixture of benzene and ether, the lactone is de- 
posited in transparent six-sided plates which are most likely 
orthorhombic and sphenoidally hemihedral ; the larger face is perpen- 
dicular to a positive bisectrix, the optic axial plane being per- 
pendicular to one side of the plate ; the optic axes are outside the field. 
These crystals become opaque at about 205°, and swell up very much 
at 205—209°, giving a white powder; on further heating, the latter 
shows the behaviour just described. 

This B-lactone is very readily soluble in cold ether and acetone, 
but only sparingly soluble or insoluble in chloroform and. benzene. 
Its aqueous solution has an acid reaction to litmus, and dissolves 
calcium carbonate with effervescence; the salts of the acid were not 
examined owing to the uncertainty regarding their derivation, The 
substance, in fact, is slowly changed by boiling water, being con- 
verted into the isomeride described below, bat even after prolonged 
treatment the change seems to be incomplete; when heated with 
ammonia or with aqueous potassium hydroxide for a few minutes, 
it yields a solution from which, after evaporating to a small volume, 
mineral acids precipitate the y-lactone. 

The alcoholic ethereal mothor liquors from which the A-lactone 
has been deposited, contuin a considerable quantity of an isomeride 
which can be isolated by further fractional crystallisation ; this pro- 

872 


964 KIPPING: DERIVATIVES OF CAMPHORIC ACID. 


duct is doubtless formed from the B-lactone during the evaporation 
of the aqueous solution of the original product of bromination, since, 
as just stated, the 8-lactone is slowly converted into the y-isomeride 
when its solution in water is boiled. The most convenient way of 
obtaining the y-compound free from the isomeride is by the action 
of potash on the latter; the alcoholic ethereal mother liquors 
referred to above are evaporated to dryness, the residue dissolved in 
a slight excess of potash, and the alkaline solution boiled for a short 
time; on subsequently mixing the cold concentrated solution with 
excess of hydrochloric acid, part of the product is deposited in 
crystals, together with potassium chloride, but a considerable 
quantity remains dissolved. The mixture is, therefore, evaporated 
to dryness, the residue extracted with methylic alcohol, the extract 
mixed with ether to precipitate traces of inorganic salt, and the 
filtered solution evaporated. The substance is finally recrystallised 
from a mixture of benzene and ether, or from concentrated hydro- 
chloric acid; a sample obtained from the anhydrous solvents was 
dried at 100° and analysed. 


0°1447 gave 0°2820 CO, and 0:0685 H,O. C = 53°15; H = 5°26. 
CH,.0, requires C = 52°63; H = 5:26 per cent. 


The y-lactone of hydroxycamphotricarboxylic acid separates from 


a mixture of ether and benzene in colourless, transparent, flattened 
needles, the sides of which curve to a point; sometimes, but rarely, 


their sides are parallel, the ends being replaced by dome faces. The 


crystals show straight extinction, and a positive bisectrix emerges 
normally to the flat face ; the optic axes are outside the field. These 
crystals, heated fairly rapidly from about 195°, appear to begin to 
sublime at about 240° and turn grey or greenish at about 250°; when 
the temperature rises to 265—270°, the substance chars and 
effervesces, but apparently without melting. 

It resembles the isomeride in being readily soluble in ether and 
acetone, but it is practically insoluble in chloroform and benzene. Its 
behaviour towards water, however, is very different, inasmuch as it 
dissolves in this liquid so readily in the cold that it cannot well be 
recrystallised from it; on allowing the solution to evaporate spon- 
taneously, a white powder, which consists of microscopic needles, is 
ultimately deposited. On adding concentrated hydrochloric acid to 
a cold saturated aqueous solution of the y-lactone, it is at once 
precipitated in long transparent needles, its solubility in the 
mineral acid being very much less than in water; moderately con- 
centrated hydrochloric acid is, in fact, one of the best solvents from 
which to recrystallise the lactone. If the hydrochloric acid solution, 
containing in suspension the needle-like crystals, be left exposed to 
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the air for some time so that the mineral acid may evaporate, the 
needles are gradually transformed into a granular powder; this be- 
haviour might be taken to indicate that the lactone is converted into 
hydroxycamphotricarboxylic acid on dissolving it in water, the 
lactone being regenerated on the addition of hydrochloric acid; for 
various reasons, however, it does not seem probable that this change 
would take place so readily. The 8-lactone described above is not 
precipitated from its cold saturated aqueous solution on the addition 
of concentrated hydrochloric acid. 

The y-lactone has all the properties of a carboxylic acid; its aque- 
ous solution is acid to litmus, and decomposes metallic carbonates 
with effervescence. The silver salt, obtained as a white, gelatinous 
precipitate on adding silver nitrate to a feebly ammoniucal solution 
of the ammonium salt, was purified in the usual manner, dried at 
100°, and analysed. 

The analysis showed that the salt was derived from a lactonic dicarb- 


oxylic acid of the composition C0:C;H,0(COOH),, the lactone ring 
in the original substance not being hydrolysed on treatment with cold 
dilute ammonia; the analysis, however, was unsatisfactory, as the 
salt darkened considerably during the drying. 

The silver salt dissolved fairly readily in boiling water, without 
darkening, and was deposited again on cooling, the solution setting 
toa gelatinous mass. 

In a neutral or feebly ammoniacal solution of the ammonium salt, 
lead acetate produces a colourless, gelatinous precipitate which is 
moderately easily soluble in boiling water; on cooling, the salt 
separates in long needles. Ferric chloride, under the same condi- 
tions, gives a light buff, apparently amorphous precipitate which 
does not dissolve on boiling. Copper sulphate produces no imme- 
diate precipitate in a cold solution, but on warming, a light blue, 
apparently amorphous galt is deposited. Thecalcium and magnesium 
salts are very readily soluble in cold water; the barium salt is also 
very readily soluble, and is only precipitated on the addition of 
barium chloride to very concentrated solutions, being then obtained 
as a granular powder. 

This y-lactone, like the tricarboxylic acid from which it is derived, 
is extremely difficult to oxidise. It may be heated at 100° with 
concentrated nitric acid for some hours, and then recovered un- 
changed on evaporating the solution. A solution of its sodium salt 
does not decolorise potassium permanganate at ordinary tempera- 
tures, even on keeping for some days, and, when the mixture is 
boiled, oxidation takes place very slowly. Owing to the enormous 
labour involved in the preparation of this substance from camphor, 
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and the unsatisfactory results of the attempts to oxidise. it, experi. 
ments requiring the use of large quantities had necessarily to be 
abandoned. 

It may be mentioned, however, that the lactone may be boiled with 
acetic anhydride during several hours without losing the elements of 
water; this fact seems to show that the particular carboxyl group 
which is engaged iu the formation of the lactone ring is also that 
which takes part in the anhydride formation in the case of trans- 
camphotricarboxylic acid. 


cis-Oamphotricarboaylic acid, C;Hy(COOH);. 


The existence of the two isomeric 7-camphanic acids has been 
accounted for on the assumption that the two compounds are trans- 
and cis-modifications derived from corresponding stereochemically 
isomeric 7-hydroxycamphoric acids, of which one only, namely, the 
trans-form, can be isolated, owing to the ease with which the other 
passes into the corresponding lactone; assuming this explanation to 
be correct, it seemed a priori probable that, just as trans-7-camphanic 
acid and trans--hydroxycamphoric acid are converted into trans- 
eamphotricarboxylic acid on oxidation, so cis-r-camphanic acid, on 
oxidation in a suitable manner, might yield a tricarboxylic acid corre- 
sponding with it in configuration. The great stability of cis-7- 
camphanic acid towards oxidising agents made it impossible to 
obtain the corresponding tricarboxylic acid in the manner suggested ; 
nevertheless, this oxidation product may be obtained indirectly by 
causing the trans-tricarboxylic acid to undergo stereoisomeric change. 

When trans-camphotricarboxylic. acid. (2 parts) is dissolved in 
erdinary. concentrated sulphuric acid (5 parts), and the solution 
gradually heated to 150—160°, it begins to darken, and sulphur 
dioxide is evolved ; after keeping the mixture at this temperature for 
about 15 minutes, it has changed to a black paste or froth, and the 
heating is discontinued. The. product now contains cis-camphotri- 
earboxylic anhydride and a small quantity of a porous, carbonaceous 
substance, possibly carbon; it may also contain  cis-camphotricarb- 
oxylic acid, but more probably the latter is formed from its 
auhydride during the subsequent treatment; the original trans-tri- 
carboxylic acid and its anhydride seem to. be absent provided the 
heating has been safficiently prolonged. The cis-acid and its anhydr- 
ide are isolated as follows :—The black, pasty mass is slowly poured 
into. a small quantity of cold water, cooling carefully, and the solu- 
tion is then rapidly filtered. The residue consists of a mixture of 
the cis-anhydride and the carbonaceous matter; it is dried on porous 
earthenware, and then repeatedly extracted with boiling benzene ; the 
hot filtered benzene extracts deposit. colourless crystals of the cis. 
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anhydride on cooling. When thoroughly extracted with benzene, the 
remaining carbonaceous mass is treated two or three times with small 
quantities of ether, and there then remains what seem to be particles 


of carbon. 

The ethereal extracts, on evaporation, give an almost colourless, 
very thick oil, which consists of cis-camphotricarboxylic acid; the 
small quantity thus isolated has doubtless been formed by hydrolysis 
of the anhydride during the treatment just described. A much 
larger quantity of the acid can be obtained from the original sulph- 
uric acid filtrate, for which purpose the liquid is treated with barium 
chloride as long as a precipitate forms, and the filtered solution con- 
centrated ; when freed from traces of barium chloride or sulphuric 
acid and evaporated again it yields an oily residue which solidifies on 
prolonged heating on the water bath. This product, like that ob- 
tained from the ethereal extracts, consists of crude cis-camphotri- 
carboxylic acid, and, as a rule, neither preparation crystallises at all 
readily ; in fact, the partially purified acid can only be recrystallised 
under particular conditions. For this reason it is usually more 
advantageous to convert the whole of the acid into the anhydride, 
and, after purifying the latter, to re-convert it into. the acid by 
hydrolysis with water. 

The syrupy cis-acid is in any case most easily obtained in crystals 
by dissolving it in a little concentrated hydrochloric acid and then 
evaporating the solution on the water bath until a sufficient quantity 
has been deposited; curiously enough, crystallisation takes place 
much more readily at high than at ordinary temperatures when the 
acid is not pure, and even when the solutions have begun to deposit 
crystals at 90—100°, the impure acid subsequently separates as an 
oil or as a gelatinous film if the temperature be allowed to fall. 

For analysis, a sample purified in this way was heated at 100° until 
almost constant. 


0°1536 gave 0°2956 CO, and 0:0835 H,0. C = 52:48; H = 6°04. 
C\oH,,0, requires C = 52°17; H = 6:08 per cent. 


cis-Camphotricarboxylic acid is deposited from aqueous solutions 
on spontaneous evaporation in massive, transparent prisms, similar 
crystals being also obtained from hot hydrochloric acid; these 
crystals evidently contain water of crystallisation and become opaque 
at 100°, but decrease in weight very slowly, and continue to do so 
even after having been heated during 20—30 hours; at the end of 
this time the acid has been partially converted into its anhydride 
some of which sublimes on to the sides of the vessel. 

When the hydrated crystals are heated fairly quickly from about 
80° they melt at about 145—150°, effervescing violently owing to the 
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escape of their water of crystallisation; on continuing to raise the 
temperature, the substance begins to solidify and melts again at about 
219—220°, the melting point of the cs-anhydride. Dehydrated 
crystals show a different behaviour, and melt at about 167°, also 
effervescing and losing water, the anhydride being formed ; the fused 
mass quickly solidifies again, and then melts at 219—220° as before. 
All these data referring to the melting of the hydrated or anhydrous 
crystals of the acid are only approximate, as they depend entirely on 
the rate at which the temperature is raised; when, for example, the 
hydrated crystals are very slowly heated, they do not liquefy until 
the melting point of the anhydride is reached. 

The anhydrous, like the hydrated, acid is extremely soluble in cold 
water, ether, and alcohol, but almost insoluble in boiling benzene and 
chloroform ; like the y-lactone of hydroxycamphotricarboxylic acid, 
it is precipitated from its cold saturated aqueons solutions on the 
addition of concentrated hydrochloric acid. 

The silver salt was prepared by precipitation, using a faintly 
ammoniacal solution of the acid; after washing well -with water the 
salt was dried at 100° and analysed. 


0°2935 gave 0°1690 Ag. Ag = 57°6. 
C\H,0.Ag; requires Ag = 58:7 per cent. 


Silver cis-camphotricarborylate is a colourless, granular compound, 
only sparingly soluble in boiling water, from which it separates again 
on cooling, without darkening; it remains white when heated at 100° 
in the dark, and changes colour very slowly on exposure to diffused 
daylight. When heated moderately strongly, it decomposes rather 
suddenly, giving a considerable quantity of a crystalline product. 

In a faintly ammoniacal solution of the ammonium salt, lead 
‘acetate produces a bulky, white, apparently amorphous precipitate, 
insoluble, or nearly so, in boiling water, but readily soluble in 
acetic acid ; on expelling the acetic acid, the salt is deposited as a 
crystalline powder. Copper sulphate, under the same conditions, 
gives a pale blue, amorphous precipitate, which is also practically 
insoluble in hot water, but calcium chloride, barium chloride, and 
magnesium sulphate do not produce a precipitate. A sparingly 
soluble calcium hydrogen salt is not formed under conditions similar 
to those employed in preparing the acid salt of trans-camphotri- 
carboxylic acid. 

Attempts to oxidise cis-camphotricarboxylic acid were just as unsuc- 
cessful as in the case of the isomeride; when it is boiled with nitric 
acid of sp. gr. 1°42 it undergoes no change, and its solution in 
sodium carbonate does not decolorise potassium permanganate except 
on prolonged heating. 
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In addition to the method given above, cis-camphotricarboxylic acid 
may be obtained by fusing the trans-isomeride with potash ata fairly 
high temperature ; the product, isolated by extracting with ether, 
may be directly recrystallised from hydrochloric acid, and appears to 
be quite free from the trans-tricarboxylic acid. 

Crystals deposited from warm aqueous and hydrochloric acid sole 
tions were submitted to Mr. Pope, who gives the following account of 
their properties. 

“ cis-Camphotricarboxylic acid crystallises in small, white, ortho- 
rhombic prisms (Fig. 6), of about half a millimetre in thickness, which 
have a laminated appearance, probably owing to 
rapid separation from the solution; the crystals 
are extremely fragile, and fall to pieces if not 
handled very gently. The crystals obtained by 
spontaneous evaporation of the solvent are large, 
colourless, transparent pyramids, crystallograph- 
ically identical with the smaller ones mentioned 
above; they are, however, very unsuitable for 
goniometrical investigation, owing to the highly 
conchoidal nature of the faces. 

“On the small crystals, the prism form p{110} 
is the dominant one, and gives better results 
on measurement than any of the other forms. 
with the exception of the dome r{101}; the faces of the latter form 
are fairly large, and give fairly good reflections. The pinacoid 
a{100} is usually small, but varies in size considerably and give poor 
reflections. The basal pinacoid c{001} is but rarely observed, and 
reflects light very badly ; the form q{011} is always small, and gives 
poor reflections. As will be gathered from the appended table of 
measurements, the crystals are not very suitable for crystallographical 
examination, and the results are not very accurate; it was, however, 
thought well to investigate the crystals as far as possible, in order 
to compare their form with that assumed by the isomeric trans- 
camphotricarboxylic acid. 

“The optic axial plane is the pinacoid 6(010), and the a-axis is 
the first mean line; the optic axial angle is fairly large and the 
double refraction is positive in sign. 

‘There are perfect cleavages parallel to a{ 100} and to p{110}. 


Fia. 6. 


“ Crystalline system. Orthorhombic. 
a:b:¢ = 1202: 1: 1185. 
“‘ Forms present : 


a{100}, c{001}, p{110}, r{101}, @{011}. 


“ The following angular measurements were obtained : 
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Number of 
observations. Limits, q Calculated. 
: 110 + 49° 21’—51° — 
: 110 : 79° 30’ 
: 101 
: 101 
: 101 
: 101 
: 101 
: O11 
: 110 


cis-Camphotricarboxylic Anhydride, COOH:0,H,< tes O. 


cis-Camphotricarboxylic anhydride is formed,-as already stated, 
when the ¢rans-acid is heated at 150—160° with concentrated sulph. 
uric acid, and it is deposited from the benzene extract of that portion 
of the product which is sparingly soluble in water. It may also be 
obtained by heating the cis-acid alone at about 180°, or by warming 
the acid with acetyl chloride for a short time. A sample which had 
been purified by crystallisation from ethereal benzene and then heated 
for a few minutes at 175°, to ensure the absence of any of the acid, 
was analysed. 


01424 gave 0°2945 CO, and 0:0716 H,O. C = 56:40; H = 5°58. 
CH,.0; requires C = 56°60; H = 5°66 per cent. 


cis-Camphotricarboxylic anhydride crystallises from ether in 
beautiful, trausparent, six-sided plates, which slowly become opaaue 
on exposure to the air, and rapidly effloresce at 50—60°, owing to the 
escape of ether of crystallisation ; these crystals melt at 220—221° 
without decomposing. From benzene, the anhydride is deposited in 
long, transparent: prisms, which also become opaque at ordinary 
temperatures, owing, doubtless, to the escape of benzene of crystal- 
lisation; their melting point is also 220—221°. The substance is 
very readily soluble in hot ether, acetone, and chloroform, bat almost 
insoluble in boiling light petroleum ; it is comparatively sparingly 
soluble in cold benzene, but dissolves readily on boiling. - It dissolves 
slowly in cold water, but rapidly'on warming; the solution has an 
acid reaction, and, on evaporation, gives a syrupy residue of the acid ; 
the powdered substance is immediately dissolved by a cold dilute 
solution of sodium carbonate, carbon dioxide being evolved. 

The anhydride is so readily reconverted into the acid that even 
when it is crystallised two or three times from ether, which has been 
dried over calcium chloride, the solutions give, on spontaneous 
evaporation, a considerable quantity of an oily deposit of the acid; 


— 
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such residues, when simply heated at about 180° for a few minutes, 
are reconverted into the anhydride without charring. 

When the cis-anbydride is heated at about 160° with concentrated 
sulphuric acid, it is gradually decomposed and carbonised, sulpbur 
dioxide being evolved. When heated alone, in small quantities at a 
time, it distils apparently unchanged, and without charring to any 
appreciable extent. 


Chemical Department, 
Central Technical College, 
City and Guilds of London Institute. 


LXI.— Substances exhibiting Circular Polarisation both 


in the Amorphous and Crystalline States. 
By Wittiam Jacgkson Pops, 


As two of the compounds described by Dr. Kipping in the preceding 
paper are of unusual crystallographic interest, they merit descrip- 
tion apart, in order that the attention of chemists may be drawn 
to the importance of fully studying the morphology and physical 
properties of new products. 

Substances which possess the power of converting plane polarised 
light into circularly polarised light may be conveniently classified 
under three heads. (1) Those which exhibit circular polarisation only 
in the amorphous state (that is, when dissolved, melted, or converted 
into gas), (2) those showing circular polarisation only in the crystal- 
line state, and (3) those which rotate the plane of polarisation, both 
when amorphous and when crystalline. 

To Class 1 belong the numerous substances containing asymmetric 
carbon atoms; these owe their rotatury power solely to the asym- 
metry of the chemical molecule, but lose it when the chemical 
molecules become arranged in a homogeneous symmetrical manner 
by crystallisation, the assymmetry of the chemical molecule being 
frequently traceable in the hemihedral or tetratohedral structure of 
the crystals. 

Class 2 consists at present of some score or so of substances only ; 
its members may be conveniently subdivided into (a) those which 
owe their circular polarisation merely to their assumption of that 
more or less complex twinned crystalline structure termed pseudo- 
symmetrical, and (b) those of which the circular polarisation is an 
inhereut property of the crystalline structure which they possess. __ 

The known members of Class 3 are but very few in number, and 
are again of two kinds, namely, (a) those which owe their circular 
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polarisation in the solid state to pseudo-symmetry, and (b) those of 
which circular polarisation in the solid state is a specific property of 
the crystalline individuals, and is not due to complex lamellar struc. 
ture. Of several instances of Class 3a the best known example is 
strychnine sulphate; a new case, namely, that of trans-7-camphotricarb- 
oxylic acid, is described below. Only two or three members cof Class 
3b are known with any certainty ; matico-camphor (H. Traube, Zeit. 
f. Kryst., 1894, 22, 47) and the rubidium salts of the dextro- and 
levo-tartaric acids (Wyrouboff, Journ. de Physique, 1895, [3], 3, 451) 
are optically active both in the amorphous and crystalline conditions, 
and the circular polarisation of the crystals seems not to be due to 
pseudo-symmetry ; another example of this little known, though very 
important, class is now described, namely, that of cis-7-camphanic acid. 
Matico-camphor and cis-7-camphanic acid are levorotatory both in 
the amorphous and crystalline states, their specific rotations being 
thus of the same sense in the two physically different conditions; 
rubidium dextro-tartrate, however, is levorotatory when crystalline, 
but dextrorotatory when amorphous or structureless, so that with 
this substance the sense of the rotation is different in the two 
states. 

The question of the correspondence in sense between the specific 
rotations of the crystalline and amorphous materials is one of great 
importance in connection with the much vexed question of the disap- 
pearance of circular polarisation which attends the crystallisation of 
an optically active substance belonging to Class 1, and also in relation 
to the possibility that in substances belonging to Class 3b the circular 
polarisation, both in the amorphous and crystalline states, may be 
due to the same cause. If the latter possibility be actually realised, 
it obviously becomes necessary to explain away the opposite sense oi 
the rotatory powers of rubidium tartrate in the two states. The 
explanation of this apparent anomaly lately given by Liebisch 
(Physikal. Kryst., 1896, 428), namely, that the disagreement in sign 
is due to the dissociation occurring in aqueous solution would seem 
to have some claim to recognition did we not possess an accurate 
knowledge of the electrical conductivities of aqueous solutions of 
rubidium tartrate between wide limits of concentration. Eberhard 
Rimbach (Zeit. physikal. Chem., 1895, 16, 671) has shown, from the 
polarimetric and electrical conductivity determinations made with 
such solutions, that non-dissociated rubidium tartrate has the specific 
rotation [@]p = + 25°63°, whilst the rotatory power of the wholly 
dissociated salt is [a]p = + 19°51°. Were the apparent anomaly 
capable of explanation on the basis of the electrolytic dissociation 
hypothesis, it is obvious that crystalline rubidium dextro-tartrate 
should have an even greater positive specific rotation than its aqueous 
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solution, instead of which the rubidium tartrate crystals have the 
negative specific rotation of [a]p = — 10°7° (G. Wyrouboff, loc. cit. ; 
compare also H. Traube, Sitz. Berl. Akad., 1895, 10, 195). 

Nearly all the known examples of Classes 26 and 3b have been ex- 
haustively examined by Wyrouboff, whose careful investigations have 
led to the relegation of many of the supposed members of these 
divisions to Classes 2a and 3a. It is, however, difficult to accept 
the whole of Wyrouboff’s conclusions; he seems to consider that 
Classes 2b and 3b do not exist, and that all circular polarisation 
in the crystalline state originates in complicated lamination. It 
will be shown below that an exhaustive examination of the crystals 
of cis-7-camphanic acid failed to reveal any evidence of twin structure, 
so that this substance must be considered, for the present at least, as 
a legitimate representative of Class 3b. 

cis-r-Camphanic acid has been recently prepared by Dr. Kipping 
(this vol., p. 943), who, recognising its crystallographic interest, 
was so good as to take considerable pains to obtain it in large 
and well-developed crystals, which he then handed to me for 
examination. Thecrystals, deposited by the spontaneous evaporation 
of the solution in a mixture of alcohol and chloroform, consist of 
hexagonal prisms showing the basal plane c{0001}, the pyramid 
{1011}, and a second pyramid form, m{hokl}; they can be obtained 
of 3—d mm. in length and 2 mm. in thickness (Fig. 1). The forms 
c{0001} and m{hokl} are usually predominant; the basal plane gives 
only moderately good reflections, but the 
images obtained from m{hokl} are usually Boe.t. 
very good. The faces of the pyramid of 1011} 
are generally small but brilliant (Fig. 1). 

The crystals are hemimorphic, the forms 
o{1011} and m{hokl} being only present at one 
end. On heating the crystals, passing them 
rapidly through the flame of a spirit lamp to 
de-electrify the surface, and then dusting them 
during cooling with the electrified mixture of 
powdered red lead and sulphur projected from 
the Kundt bellows, the end showing the form 
o{1011} attracts the positively electrified red | |....---+---+-..--. 
lead, whilst the negatively electrified sulphur a 
becomes attached to the other end; the former is, therefure, the nega- 
tively electrified end, whilst the latter is the positively electrified one. 
The optic axial direction is consequently a pyroelectrical axis, and the 
antilogous pole emerges through the end showing the pyramid 
0{1011}, the analogous pole emerging at the truncated end of the 
crystal, The fact that the optic axial direction is a pyroelectrical 
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axis having been thus determined, numerous experiments were made 
to ascertain whether the horizontal axes of hexagonal symmetry ar 
alsu pyroelectrical axes, as ia the case of quartz; but no selective attrac. 
tion of the constituents of the powder to particular parts of the basal 
plane c{0001} or to m{hokl} was observed. It must be noted, how. 
ever, that the evidence thus obtained is of a purely negative character, 
for, the horizontal and vertical axes of symmetry being crystallo. 
graphically different, it might well happen that, although the pyro. 
electrical properties of the vertical axis are sufficiently well marked 
to allow of ready determination, any polarity in the horizontal axes 
of symmetry might find so slight an expression in the pyroelectrical 
behaviour as to escape detection by the applicable methods. 

On examining the crystals orthoscopically in the direction of the 
principal axis, they are observed not to extinguish, but to remain 
bright, on rotation between crossed nicols. The conoscopic examina- 
tion of crystals less than a millimetre or so in length shows the optie 
axis, the double refraction being weak and positive in sign; on ex- 
amining crystals of several millimetres in length under a }-in. 
objective, they are found to be circularly polarising, the black. cross 
disappearing almost entirely in the centre of the field when the beam 
traverses a considerable length of crystal. By rotating the analyzer 
alone it cau just be ascertained that the substance is. levorotatory. 
The same conclusion is arrived at with certainty by employing a 
device which apparently has not been previously described ; this 
consists in using several pairs of right- and left-handed circularly 
polarising plates of quartz of different thicknesses cat perpendicularly 
to their optic axes, and examining the. crystal plate conoscopically 
under the lowest power that will. show the interference figure dis- 
tinctly, using one or other quartz plate in place of a microscope slide. 
Proceeding in this way, one pair of the quartz plates of the same 
thickness can be ultimately selected, such, that when the crystal 
under investigation is placed on one of the quartz plates, a confused 
interference figure alone. is observed, whilst, on placing the crystal 
on the quartz plate of opposite rotation, the characteristic Airy’s 
spirals can be plainly seen. The latter quartz plate must be of oppo- 
site rotation to the crystal under examination. ‘Chis method consti- 
tutes a far surer one for determining the sign of the circular 
polarisation of a thin crystal plate than the ordinary method of 
rotating one nicol against the other; the author hopes soon to be 
able to apply the same principle to the approximate measurement of 
the specific rotation of uniaxial erystalline substances which is, at 
present, a. practical impossibility with small crystals. 

All hexagonal or trigonal crystals which exhibit circular polavisa- 
tion belong to one of the four crystalline sub-systems named below, 
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{he numbers being those adopted in Groth’s classification (Phystkal. 
Kryst., 1895, 330). 


16. Pyramidal trigonal class. 

18. Trapezohedral trigonal class. 
23. Pyramidal hexagonal class. 

24. Trapezohedral hexagonal class. 


The principal or vertical axes of crystals belonging to Classes 16 
and 23 only are pyroelectrical axes, consequently cis-r-camphanic 
acid must crystallise in one of these two systems. Further, in the 
pyramidal trigonal class the horizontal symmetry axes are also pyro- 
electrical axes. No polarity in these axes could be detected by the 
pyroelectrical test, and, further, since the six faces of the half-forms 
of{1011} and of m{hokl} are perfectly similar in crystallographic 
character, it must be concluded that the crystals belong to the 
pyramidal hexagonal class. 

This conclusion was confirmed by an examination of the corrosion 
figures produced on the crystal faces on washing them with alcohol 
or acetic acid. Regular hexagonal figures were produced on the 
half-forms {0001} and {0001}, and corrosion lines perpendicular to 
the principal axis were eaten into the faces of m{kokl}, thus confirm- 
ing the lack of sense previously ascribed to the secondary axes and 
the similarity between the faces of the two pyramid forms indicated 
by their symmetrical development. The determination of the crys- 
talline sub-system is thus quite satisfactory. 

A glance at the appended table of measured angles will show that 
the angle 0001 : m varies only between 90° 10’ and 90° 22', and has 
the value 90° 16’ as-the mean of 15 readings; it can, therefore, be 
depended on as accurate within a very few minutes. If the form 
m{hokl} had the indices {1010}, the angle 0001 : m would be defined 
as 90° by the symmetry; it is evident, therefore, that the form m is 
a very’ steep pyramid form, which, like of 1011}, is only developed 
around the analogous pole of the crystal, in accordance withthe‘ 
hemimorphism. The indices-calculated for m from the angle cm are 
{440: 0: 440: 1}, but it is naturally impossible to assign accurate 
values to the indices of such a form. 


Crystalline system. Pyramidal Hexagonal. 
| @a:c=1: 1°7691. 


Forms observed : 
+ c{0001}, — c{0001}, + of 1011}, and + m{440:0:440: 1}. 


The following augular measurements were obtained : 
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Number of 
Angle. measurements. Limits. Mean. Calculated. 
= 0001: 10I1 16 63° 41’— 64° 15’ 63 55 — 

1011 : 1010 26° 5’ 
1011 : hokl ” spies Riaeelie S125 49 
1011 : 1011 127 41—128 55 127 50 
1011 : 0111 53 9— 53 16 53 22 
1011 : 0110 638 1— 63 16 19 
O000T : 1010 


63 

“™ = Loool : okt ee - 1b0 16 

The minute crystals deposited on rapidly cooling a hot aqueous 
solution of the acid, consist of extremely thin, broad, hexagonal plates, 
which show perfect single refraction in the direction of the principal 
axis; in these very thin plates, the circular polarisation naturally 
cannot be detected. In none of the crystals, whether thick or thin, 
can any trace of twin structure be detected, the extinction being 
never patchy, but always in accordance with the hexagonal nature of 
the crystals. The possibility that the circular polarisation might be 
due to lamellar structure, as in the case of Reusch’s mica piles, or of 
strychnine sulphate, is thus practically excluded. 

On precipitating the acid from its sodium carbonate solution by 
hydrochloric acid, it is deposited in microscopic, pentagonal-shaped 
plates, having the outline shown in the figure (Fig. 2) ; the extiuction 
is parallel to the two long parallel sides, and bisects 
the acute angle, which is one of about 60—65°. These 

0/ \O crystals are evidently crystallographically identical 

with those measured above; the large, flat face is 
one of the form m{hokl} or {1010}, and the crystals 
are developed hemimorphically in the ordinary way. 
After melting the substance on a microscope slide 
under a cover slip, it solidifies readily to a very irre- 
gular, confused mass, showing aggregate polarisation. 

The sense of the circular polarisation of a large number of crystals 
of cis-7-camphanic acid was determined by the method described 
above, and found to be always the same, the crystals being lwvo- 
rotatory ; this substance, therefore, always crystallises in one of the 
two enantiomorphous forms possible in the pyramidal hexagonal 
system, this being the lwvorotatory one, the dextrorotatory form 
being never observed. This case, then, is essentially different from 
that of a substance like sodium chlorate, which is optically inactive 
in solution, but, on crystallisation, may be obtained in either the 
dextrorotatory or Jevorotatory crystalline form at will. The first 
cause of the levorotation always observed with cis-7-camphanic acid 
is consequently the asymmetric structure of the chemical molecule. 
Wyrouboff, who has done much admirable work on the crystallo- 
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graphy of optically active substances, concludes, however, “que 
Vhémiédrie de la forme cristalline et le pouvoir rotatoire (of the 
solution) sont deux phénoménes d’ordres différents, et n’ont entre eux 
aucun rapport constant et nécessaire”’ (Ann. Chim. Phys., 1894, [7], 
1, 16); this conclusion is based on the observation that either right- 
or left-handed crystalline forms may be obtained by varying the con- 
ditions with certain optically active substances. That this argument 
is fallacious may be best shown by an instance. The sphenoidally 
hemihedral orthorhombic camphorsulphonic bromide, described by 
Kipping and Pope (Trans., 1895, 6'7, 366), may be obtained in large 
crystals, showing both the forms «{111} and «{111}; the latter form 
is ordinarily very small as compared with the former, but, by vary- 
ing the conditions of crystallisation, both forms may readily be 
obtained of the same size, and the form «{111} may sometimes even 
be observed to be smaller than the form «{111}, so that the crystals 
appear to have the enantiomorphous form to those of dextrocamphor- 
sulphonic bromide. The behaviour of this substance is;thus quite 
similar to that of the cases cited by Wyrouboff; it cannot, however, 
be supposed that the slight variations possible in the conditions of 
crystallisation cause a change in the hemihedral crystalline structure, 
of which the external form is merely the outward expression. The 
crystalline structure and the hemihedrism of the crystalline form 
retain the asymmetry imparted by the asymmetry of the chemical 
molecule, but the external form, which is conditioned by the crystal- 
line structure and the conditions attending crystallisation concur- 
rently, may be altered by varying the latter. On crystallising two 
optical antipodes under identical conditions, so that the only differ- 
entiating factor is the crystalline structure, the two crops of crystals 
obtained are identical in habit, but, provided the crystalline system 
be one capable of enantiomorphism, they will consist respectively of 
right- and left-handed individuals, as in the case of sobrerol (Arm- 
strong and Pope, Trans., 1891, 59, 315). 

Obviously, disturbing factors, such as a change of the conditions 
attending crystallisation, can be eliminated if, in any particular case, 
it be possible to select for characterising the hemihedral forms or 
structures some polar physical property, such as circular polarisation 
in the solid state, which is governed by nothing but the hemihedral 
crystalline structure. The case of cis-7-camphanic acid is one of the 
few in which the circular polarisation can be so employed, and it is 
seen that the crystals are invariably levorotatory, this being a 
constant expression of the constant hemihedral crystalline structure 
which cannot be masked by variations in conditions. In this case, 
then, it is shown that there is a specific relation between the hemi- 
hedrism of the erystals, the existence of which is proved by the 
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circular polarisation, pyroelectrical properties, and geometrical de. 
velopment of the latter, on the one hand, and the circular polarisation 
of the solution, on the other; in this example, one of the very few in 
which an absolute criterion is possible, Wyrouboff’s conclusion does 
not hold. 

The same would be true if the crystals owed their circular polarisa. 
tion to pseudosymmetry, for then, unless the crystalline structure were 
a hemihedral one, no reason could be assigned for the constant sense of 
winding of the laminew, which alone can give constancy to the circular 
polarisation. 

Dr. Kipping has been successful in obtaining very beautiful 
hydrated crystals of trans-camphotricarboxylic acid (this vol., 951), 
which he handed to me for crystallographic examination. They 
consist of colourless, transparent plates of hexagonal outline (Fig. 3), 
and may readily be ob- 
tained of a centimetre 
in diameter and halfa 
centimetre in thick- 
ness; they have a bril- 
liant lustre and weak 
double refraction. The 
form c{001} is fairly 
bright and gives fairly 
good reflections on the 
goniometer, whilst the 
smaller dome form qg{011} is usually not so well developed and gives 
poor results on measurement; the form c{001} is lightly striated 
parallel to its six sides. There is a perfect cleavage parallel to 
c{001}. 

The crystals have all the geometrical characteristics of the holo- 
hedral hexagonal system, and so far as the goniometrical results lead, 
would be regarded as hexagonal. On examining them orthoscopically 
between crossed nicols through the basal face (001), however, it is 
found that they do not extinguish regularly during the rotation of 
the nicols, except just in the centre of the plate. The crystal may, 
in fact, be divided into six triangular-shaped sectors, as shown in 
Fig. 4, each of which extinguishes at 60° to its neighbour ; there are 
hence three extinctions at 60° to each other, parallel to the sides of 
the hexagon. The conoscopic examination shows that each sector is 
biaxial, the optic axial plane being parallel to the side of the hexagon 
bounding the sector. The optic axial angle is very small and-the double 
refraction is positive in sign. These interference figures can only 
be distinguished near the edges of the crystal, and if the centre part 
of the plate be examined, a certain area is nearly always found which 
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remains quite bright during rotation between crossed nicols, and is 
uniaxial with negative double refraction. The black cross which 
divides the uniaxial interference 
picture is seen to almost disappear 
in the centre of the figure, so that 
the substance is circularly pola- 
rising. 

The only possible explanation of 
this anomalous behaviour is that 
the crystals are really mimetic 
twins on the form {110} of ortho- 
rhombic crystals consisting of the 
forms c{OUl} and g{0ll}; the 
twins simulate hexagonal symme- 
try. The c-axis is the first mean 
line, the optic axial plane is (010) and the optic axial angle is very 
small. Near the edges of the crystal plates this biaxial interference 
figure can always be seen, but in the centre of the field where the 
six sectors meet there is a certain amount of overlapping of the six 
pieces, the optic axial planes of which are arranged at 60° to each 
other; in this part of the naturally occurring plate circular polarisa- 


tion is observed. 
As is well known, circular polarisation was artificially realised by 


Reusch by the piling together of biaxial cleavage laminew of mica, 
each piece being rotated through 60° to the two lamin in contact 
with it; the conditions artificially established in this case are 
precisely similar to those which arise naturally during the crystal- 
lisation of trans-camphotricarboxylic acid, with the only exception 
that it cannot be positively certified that the piling is performed in 
a constant sense as in the artificial packets of mica cleavage plates. 
This new case affords a very beautiful imitation of the circularly 
polarising mica piles. 

Since the crystals are orthorhombic, and no form occurs which 
makes a finite intercept 
on the a-axis, it might 
seem impossible to as- 
sign a value to the axial 
ratio a/b. The twin- 
ning on the form {110}, 
however, causes the 
(010) faces of two adja- 
cent wings of the twin 
to make a normal angle 
of 60° with each other 


Fig. 5. 


x 
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so that the lengths of the axes a and b stand in the ratio of th 
intercepts OX and OY on those axes in Fig. 5. 
Therefore 
a/b = tan 30° = 1/73. 

Thus, although the twin junctures are not straight lines, but rm 
more or less irregularly across the plate as shown in Fig. 4, the 
ratio a/b can be determined at least approximately. 

The crystals of trans-camphotricarboxylic acid, obtained by rapidly 
cooling a hot, saturated aqueous solution, consist of very minute 
six-sided plates which extinguish parallel to one side and show posi. 
tive donble refraction ; they are too small and thin however to show 
interference pictures, but do not appear to be twinned. The examina. 
tion of these crystals thus confirms the orthorhombic character of 
those described above, and could they be obtained of greater dimen. 
sions they would doubtless afford still further confirmation of the 
above analysis. 


Crystalline system. Orthorhombic. 
a:b:ce=1//3:1: 3302. 
Forms present : 
c{001}, g{01]}. 
The following angular measurements were obtained : 


Number of 
Angle. observations. Limits. Mean. Calculated. 
eq = 001: 011 16 73° 6—73° 15’ = -73°-9 aG 
qq = O11: O11 9 33 39—33 59 33 47 33? 42’ 


Chemical Department, 
Central Technical College, 
City and Guilds of London Institute. 


LXII.—The Diphenylbenzenes, I. Metadiphenylbenzene. 
By Freperick D. Cuarraway, M.A., and R. C. T. Evans. 


AccorpinG to theory, three isomeric diphenylbenzenes, C.H,(C,H,)., 
are possible, in which the phenyl groups occupy the ortho-, meta-, 
and para-positions respectively, but of these, up to the present, only 
two are known, namely, paradiphenylbenzene and the so-called iso- 
diphenylbenzene. The constitution of the former is established as it 
has been obtained from paradibromobenzene and yields, on oxida- 
tion, paradiphenylearboxylic acid and terephthalic acid ; the consti- 
tution of the latter is still doubtful. The authors have undertaken 
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he synthesis of the ortho- and meta-diphenylbenzenes, and the 
present paper, containing an account of the synthesis of metadi- 
phenylbenzene, which proves to be identical with “ isodiphenyl- 
benzene,” is the first part of this investigation. 

When benzene is passed through a red-hot tube, besides diphenyl, 
2 complicated mixture of other hydrocarbons is obtained. From this 

ixture Berthelot (Compt. rend., 1866, 63, 788), who first examined 
it, thought that he had isolated three substances which he named 
hrysene, benzerythrene, and bitumen. Berthelot’s three products 
are undoubtedly mixtures, although the first two have been assumed 
o be identical with the hydrocarbons chrysene and picene which 
have been shown (Bamberger and Chattaway, Annalen, 1895, 284, 
52) to belong to the phenanthrene series. On distilling the product 
obtained on passing benzene vapour through a red-hot iron tube, 
unchanged benzene and diphenyl] first come over, then the thermo- 
meter rises rapidly above 360°, and the yellow substance which 
Berthelot termed “ chrysene” distils. From this, Schultz (Aunalen, 
1874, 174, 201) isolated two hydrocarbons, one an easily soluble, well- 
crystallised substance melting at 85° and boiling at about 360°, the 
other a less soluble compound melting at 205°. The hydrocarbon of 
high melting point was shown by him to be the paradiphenyl- 
henzene previously obtained by Riese (Annalen, 1872, 164, 161) and 
to yield paradiphenylcearboxylic and terephthalic acids on oxidation. 
The compound melting at 85° was found to have a composition and 
molecular weight agreeing with the formula C,,Hy, and was termed 
isodiphenylbenzene. 

A diphenylbenzene identical with this has also been obtained, 
together with paradiphenylbenzene and chlorobenzene, by Mohlau 
and Berger (Ber., 1893, 26, 1999), by acting on diphenyl with diazo. 
benzene chloride in presence of aluminium chloride. 

The determination of the constitution of this isodiphenylbenzene, 
however, is not a simple process. By oxidising a large quantity of 
the hydrocarbon, dissolved in glacial acetic acid, with chromic acid, 
Schmidt and Schultz (Annalen, 1880, 203, 131) obtained as chief 
product benzoic acid, considerable quantities of paradiphenylcarb- 
oxylic acid and terephthalic acid, however, were formed, and also a 
very small quantity of another acid; the latter was converted into a 
barium salt, and the barium in it determined. From the results thus 
obtained, they regarded the acid as a diphenylearboxylic acid. 

Olgiati has more recently (Ber., 1894, 27, 3385) investigated 
the oxidation of the monobromo-derivative of this hydrocarbon. He 
considered that Schmidt and Schultz’s results were due to admixed 
paradiphenylbenzene, but this is impossible as their product melts 
at exactly the same temperature as the product Oigiati obtained by 
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reducing the monobromo-derivative with sodium amalgam, and ever 
if some slight impurity were present it would scarcely explain th 
occurrence of terephthalic acid as one of the chief products of oxida. 
tion. The probable explanation is that such oxidation processe 
resulting in the formation of carboxylic acids are not always to kk 
relied on as methods for determining the constitution of hydro. 
carbons ; the first result of such oxidation being the linking together 
of molecules into more complicated systems by the removal of 
hydrogen and the subsequent breaking down of these added rings, 
carboxyl groups remaining attached. Many well-known facts support 
such an explanation, for example, the formation of az-dinaphthy] by 
the oxidation of naphthalene (Lossen, Annalen, 1867, 144, 77) and the 
formation of benzoic acid and phthalic acid in the oxidation of 
benzene (Carius, Annalen, 1668, 148, 50). The fact that metadi. 
phenylcearboxylic acid is produced by the reduction of the monobromo. 
diphenylcarboxylic acid obtained by the oxidation of monobromisodi- 
phenylbenzene, however, renders it probable that in isodiphenyl. 
benzene the phenyl groups occupy the meta-positions. 

The authors considered that the constitution of isodiphenyl. 
benzene could best be settled by the synthesis of both ortho- and 
meta-diphenylbenzene from substances of known constitution, and 
this synthesis they have undertaken. 

The most direct methods for these syntheses are the action of 
sodium on a mixture of the particular dichlorobenzene and chloro- 
benzene, and the action of the chlorobenzenes on benzene in presence 
of aluminium chloride. 

Ortho- and meta-dichlorobenzene, however, have hitherto only 
been obtained in quantity with great difficulty, and this is probably 
the reason why previous investigators have neglected this method of 
testing their conclusions. The authors, having succceded in obtain- 
ing metadichlorobenzene easily in any amount (this vol., p. 848), 
have been able to carry out the synthesis of metadiphenylbenzene, 
which proves to be identical with Schultz’s product. Only the first 
method has proved practicable, metadichlorobenzene scarcely reacting 
with benzene in presence of aluminium chloride. 

When melted sodium is allowed to act on a mixture of metadi- 
chlorobenzene and chlorobenzene dissolved in boiling xylene, metadi- 
phenylbenzene is produced in addition to dipheny), a liquid substance 
probably metachlorodipheny], and resinous prodacts of high boiling 
point. The metadiphenylbenzene can be separated easily in a pure cou- 
dition by fractionating the product. On distillation, after the xylene and 
unchanged halogen derivatives of benzene have passed over, dipheny! 
distils, then metachlorodiphenyl, and next metadiphenylbenzene ; the 
appearance of the metachlorodiphenyl, which does not solidify on 
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long standing, marking the point of complete separation between the 
diphenyl and the metadiphenylbenzene. One crystallisation from 
alcohol of the solid substances distilling below and above this liquid 
gives pure dipheny! and pure metadiphenylbenzene respectively. 


Synthesis of Metadiphenylbenzene, CsH,(CeHs). [1 : 3]. 


Perfectly dry xylene, boiling at about 145°, was placed in a capa- 
cious flask and heated to gentle ebullition in an oil bath, and to 
this was added somewhat more than the amount of sodium required, 
cut into thin slices, keeping it well covered by the boiling xylene. 
A mixture of 1 part of metadichlorobenzene, 2 parts of chloro- 
benzene, and 1/20th part of ethylic acetate was then run in in quan- 
tities of about 5 c.c. at a time, allowing, each time, the action to 
cease before more. was added. It is best to keep an excess of sodium 
present, and a few grams may be added with advantage from time 
to time. The action is very violent at the high temperature, and so 
much heat is developed that, unless the mixture be added very 
cautiously, it becomes uncontrollable, and the whole contents may 
boil out of the flask. It is dangerous to use water in the condenser 
if a glass inner tube be used. We have found it convenient to 
keep the condenser about one-quarter filled with alcohol which 
quietly boils in the outer tube, and is sufficient to condense the 
xylene. If the action becomes so vigorous that xylene escapes from 
the condenser, this can ke prevented by blowing a rapid stream of air 
through the alcohol from the lower tube of the condenser. As the 
action progresses the flask becomes filled with a pasty, brown mass 
which is partly sodium chloride, but chiefly a very insoluble, organic 
compound similar to that formed at high temperatures by the action 
of sodium on nearly all aromatic halogen derivatives. When the 
mixture had aJl been added, another half part of chlorobenzene was 
run in in small quantities. After boiling for a few hours the pro- 
duct was mixed with a large excess of hot benzene, the brown liquid 
filtered off, and the residue finally extracted several times with hot 
benzene. The benzene and xylene were then distilled from the filtrate 
and the product fractionated. 

At first, between about 150° and 230°, a smal] quantity of meta- 
dichlorobenzene, which had not been acted on, came over, then, 
between about 230° and 305°, dipheny] distilled, the last portions being 
mixed with a liquid, probably metachlorodipheny] ; this liquid product 
was then obtained apparently nearly pure between 320° and 340°. 
Between 340° and 450° a thick oil distilled which on long standing 
solidified to a pasty, crystalline mass of metadiphenylbenzene. Above 
450°, small quantities of metadiphenylbenzene still came over, mixed, 
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however, with an increasing quantity of a thick, light brown, 
resinous substance, easily soluble in benzene. The hydrocarbon is 
most easily obtained pure by stirring up the portion of the distillate 
coming over between 340° and 460° with a very little light petroleum, 
and leaving the mixture for some days, when metadiphenylbenzene 
crystallises out. This, when separated by means of a filter-pump and 
dried on a porous tile, is nearly pure, and, after one crystallisation from 
alcohol, melts constantly at 84—85°. Further quantities of metadi- 
phenylbenzene may be obtained by re-fractionating the mother liquors 
and high boiling portions of the original distillate. The yield of 
metadiphenylbenzene was about 12 per cent. of the theoretical calcu- 
lated on the metadichlorobenzene used, which is quite as large as 
could ke expected, considering the complexity of the action and the 
number of atoms and molecules that must meet in an ordered manner 
for the action to take place at all. The amount of diphenyl obtained 
is about twice the weight of the metadiphenylbenzene. 

Metadiphenylbenzene is a colourless, well crystallised substance, 
separating from an alcoholic solution in star-shaped groups of fine 
needles which, when collected by filtration, appear to be small, 
elongated, rhombic plates, aggregated into pearly masses. The 
hydrocarbon has, at first, like most hydrocarbons prepared in this 
manner, a faint yellow colour, which is very difficult to get rid of by 
crystallisation, although this trace of impurity does not in the 
slightest degree affect the melting point. It is easily soluble in ether, 
alcohol, benzene and its homologues, and in glacial acetic acid. 
When dissolved in glacial acetic acid, it is readily oxidised by chromic 
acid, but its synthesis is too tedious to allow of enough being pre- 
pared thus to investigate its oxidation products ; the preparation of 
even a few grams entails several weeks’ work. It melts at 84° 
(uncorr.) and boils at 369° under a pressure of 766 mm. with about 
half the mercury column immersed in the vapour. This boiling 
point can only be taken as approximate, for, unfortunately, we had 
not at our disposal a thermometer reading sufficiently high with a 
column of mercury short enough to be immersed completely in the 
vapour. The number given was taken with a mercury thermometer 
filled with nitrogen, and reading to 460°. 

A combustion of the hydrocarbon was made with the following 
result, 


0°2066 gave 0°7113 CO, and 0:1133 H,O. C = 93:90; H = 611. 
C.H,(C.Hs)2 requires C = 93°91; H = 6°08 per cent. 


The molecular weight was also taken by Raoult’s method, using 
benzene as a solvent. 


1:2994 gram of hydrocarbon dissolved in 40°8 grams of benzene 
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lowered the freezing point by 0°67°. This gives 233 as the molecular 
weight, whilst 230 is required by the formula C.H,(C,Hs):. 


Action of Metadichlorobenzene on Benzene in presence of Aluminium 
Chloride. 


Metadichlorobenzene was dissolved in about four times its weight of 
dry benzene and an excess of aluminium chloride added. Very little 
action took place. After a few days, small quantities of hydrogen 
chloride were evolved, but even at the expiration of four weeks the 
total amount disengaged was small. As so little action took place 
at the ordinary temperature, the mixture was heated for several days 
on a water bath; a slight evolution of hydrogen chloride ensued, 
but soon ceased, and the total action appeared inconsiderable. The 
product was finally poured into an excess of water and the brown 
benzene solution separated, dried, and fractionated. Almost the 
whole of the benzene and the metadichlorobenzene used were re- 
covered unchanged, only a very small quantity of a reddish-brown 
product of high boiling point having been formed. This probably 
contained a little metadiphenylbenzene, but, as the amount produced 
was too small to admit of fractionation, it was very difficult to isolate 
the hydrocarbon crystallising from such distillation products until 
nearly pure. However, by extracting the residue with alcohol, dis- 
tilling off the solvent, and re-extracting the residue, a product was 
finally obtained which, on long standing, deposited crystals of meta- 
diphenylbenzene in the characteristic, star-shaped aggregates. 


Chemical Laboratory, 
St. Bartholomew's Hospital. 


LXITI.—Dimethoxydiphenylmethane and some of tts 
Homologues. 
By Joun Epwin Mackenziz, Ph.D., B.Sc. 


Twenty-Four years ago, Kekulé and Franchimont published a paper 
‘On Benzophenone Chloride and the Formation of Anthraquinone iv 
the Preparation of Benzophenone,” in which they state that “we 
have, among other things, tried the action of sodium ethoxide, silver 
acetate, and silver benzoate on benzophenone chloride, but have not 
yet arrived at any definite results” (Ber, 1872, 5, 909). On 


repeating this experiment, the following reaction was found to take 
place. 


(C,H;).CCl, + 2Na0C.H, = (C,H;).C (OC.H;). + 2NaCl, 
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and by replacing the sodium ethoxide by the sodiam compounds of 
other alcohols, the corresponding derivatives were obtained. 

Of similar compounds having two alkyloxy-groups attached to one 
carbon atom, there seem to be at present known only acetal and its 
homologues, a benzaldehyde derivative, diethoxyphenylmethane, ani 
acetone derivatives, such as diethoxydimethylmethane. The latter 
substances have recently been obtained by Claisen by the action 
of ethylic orthoformate on the corresponding aldehyde or ketone, 
thus: 


C,H;;CHO + (C,H;0),CH-OC,H; = C.H;-CH(OC.H;). + 
H-COOC.H;. 


(CH;).CO 4e (C,H;0).CH-OC,H, => Si ate 


OC.H;. 


The latter reaction, however, does not seem to succeed in the 
case of all ketones, notably in that of benzophenone (Ber., 1896, 29, 
1008). 

I was led to the above reaction by the negative results ob- 
tained in the course of an investigation, the object of which was 
the synthesis of ethylic 8-phenyl-a-carboxycinnamate. In my first 
experiment, benzophenone and ethylic malonate, in molecular propor- 
tion, were brought together in presence of a dehydrating agent, in 
the hope that they might react according to the equation 


(C.Hs),CO + CH,(COOC,Hs)2 = (CeH;),C:C(COOC,H), + H0. 


But in no case did they do so, at least, to any appreciable extent. 
When glacial acetic acid or acetic anhydride was used as the 
dehydrating agent, only a very slight change was apparent, and 
almost all the benzophenone and ethylic malonate was recovered. On 
zinc chloride or aluminium chloride being added along with either of 
the above, a certain amount of a dark brown, sticky substance was 
formed, which could not, however, be made to erystallise, as it always 
separated from solvents in a gummy form. Here, also, most of the 
benzophenone and ethylic malonate were unchanged, although the 
experiments were made under different conditions and at various 
temperatures. j 

As these methods did not afford the wished-for result, it occurred 
to me that it might be attained in accordance with the following 
equation. 


(C.H;)2CCl, + CNa,(COOC,H;). = (C.H;)2C:C(COOC,H;). + 2NaCl. 
Accordingly benzophenone chloride was added to a mixture of 
ethylic disodiomalonate and ethylic alcohol, and in this way 4 


beautiful crystalline compound was obtained, which proved to be, 
however, not ethylic S-phenyl-a-carboxycinnamate, but diethoxydi- 


AND SOME OF ITS HOMOLOGUES, 987 


phenylmethane. The ethylic disodiomalonate had apparently given 
up its sodium to the alcohol, and the sodium ethoxide reacted on the 
benzophenone chloride according to the first equation (p. 985). 

As yet my experiments have been mainly confined to the deriva- 
tives of benzophenone, but I hope, shortly, to be able to say some- 
thing as to the derivatives obtainable from other ketones and 
aldehydes. 


Dimethoxydiphenylmethane, (C.Hs).C(OCHs)s. 


The benzophenone chloride required for the synthesis of this sub- 
stance was prepared according to the directions of Kekulé and 
Franchimont, molecular proportions of benzophenone and phosphorus 
pentachloride being heated to a temperature of 140—150° for two 
hours, and the product distilled under reduced pressure. In this 
way, 35 grams of a colourless oil, distilling at 204°—206° under 
50 mm. pressure, were obtained from 27 grams of benzophenone. 
On redistilling this oil, the temperature remained steadily at 201— 
202° under 35 mm. pressure. The fraction 201—202° weighed 33 
grams, a yield corresponding to more than 90 per cent. of the 
theoretical. Benzophenone chloride thus prepared is a colourless 
oil, showing a bluish fluorescence and having only a very faint odour. 

For the preparation of dimethoxydiphenylmethane, 4°6 grams of 
sodium were dissolved in 44 grams of absolute methylic alcohol, and 
23°7 grams of benzophenone chloride were then added to the cold 
solution, the mixture being shaken well. After remaining in the 
cold for two hours, a vigorous action took place, which had to be 
moderated by cooling ; a white powder separated from the solution, 
and when cold the whole became nearly solid. After adding 50 grams 
of methylic alcohol, and boiling for three hours, the solution showed 
a neutral reaction. On cooling, beautiful prismatic crystals, appa- 
rently rhombic, separated from the solution, some exceeding an inch 
in length. To separate the new substance from the sodium chloride, 
ihe mixture was again heated and filtered through a hot filter, the 
solid residue being repeatedly extracted with methylic alcohol until 
no more dissolved. After concentration, the alcoholic solution 
afforded an abundant crop of crystals, and by concentrating the 
mother liquor more crystals were obtained, a repetition of the process 
yielding almost all the substance in the form of colourless crystals. 
After drying between filter paper, the crystals melted at 106—107°. 
In this way, 18°5 grams were obtained, corresponding to 81 per cent. 
of the calculated quantity. The analysis of the substance gave the 
following results. 
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Found. 


Theory for -7 FF 
I II 


78°58 78°45 per cent. 
7-08 701 SC, 


The number 214°5 was obtained by the cryoscopic method, using 
benzene as the solvent, the calculated molecular weight being 228. 

Under ordinary pressure, the substance distilled without decom- 
position at 288—290°, the distillate crystallising at once and melting 
sharply at 106°5—107°. From an ethereal solution, brilliant crystals 
were obtained, for the crystallographic examination of which, I am 
indebted to Dr. Hugh Marshall, of Edinburgh University. 


Dimethoxydiphenylmethane. 
Crysiallised from methylic alcohol. 
System and Class :—Rhombic bipyramidal. 
a:b6:¢ = 0°4662 : 1: 2°6210. 
Forms observed :—c{001}, g{011}, of111}. 


On some large crystals from ether, faces of a fourth form, o’{113}, 
truncating the edge c : o, were also observed. 


Fie. 1. 


Table of Angles. 
Angle. ’ Measured. Mean. Calculated. 
111 : O11 63° 27’—63° 31’ 63° 29’ — 
001 : O11 69 2—69 12 69 7* = 
111 : 001 80 50—80 55 80 53 80° 50}’ 
111: 111 49 17—49 20 49 18} 49 18} 
111: 011 70 32—70 37 70 34 70 33 
001 : 113 1 —_ 64 5 64 11} 
The faces are bright and give good reflections, but become dull on 
exposure to air. The habit is generally tabular on the basal pinacoid, 
or somewhat prismatic along the a-axis. 
The crystals are brittle, and show no well-marked cleavage. 
The optical axes lie in the plane (100). On examining through c 
in sodium light, the axes themselves cannot be observed owing to the 
large axial angle. A determination of the latter in bromonaphthalene 
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gave 87° 15’, so that c is probably the obtuse bisectrix. Double 
refraction is strong. 


The crystals from the ethereal solution were comparatively stable 
in air, but in an exsiccator over sulphuric acid they steadily lost 
weight until benzophenone was formed. In a comparative experi- 
ment, A was in an exsiccator with sulphuric acid, while B was in an 
exsiccator not containing sulphuric acid or any dehydrating agent. 


A. B. 
Weight of powdered crystals.... 4401 gram, 0°2763 gram. 
Decrease in weight after 6 days... 0°0212 0:0007 __,, 
is 12 ,, .. 0:0503 00016 __,, 
fi 18 ,,.. 00713 0:0025,, 
= 25 ,, .. 00920 00043 _,, 


In A, a slight vacuum formed each day, and after six days the 
powder had deliquesced all over. In B, no change was observable. 
After 25 days, the daily loss of weight in A scarcely exceeded half a 
milligram, and in three days after, the weight became constant. 
Thus, A was found to suffer a decrease of 0'0920 gram, or 20°90 per 
cent., whilst B only lost 0°0043 gram, or 15 per cent. in weight. 
The decrease in the case of A corresponded closely with that calcu- 
lated for the change from (C,H;),C(OCH;), to (C,H;),CO, namely, 


20°18 per cent. On the addition of a minute particle of benzophenone 
crystal to A, the oil at once crystallised in a fan-like form. The 
crystals melted at 48—48°5°, and on analysis gave the following 


Theory for C,3;H,,.0. Found. 
85°46 per cent. 
5:56, 


Evidently, the substance in presence of sulphuric acid lost methylic 
ether, and became benzophenone. To find out whether this separa- 
tion occurs in the absence of absorbing agents, a small quantity of 
the substance was placed in a thick walled tube of about 35 e.c. 
capacity, one end of which was drawn out and exhausted to a pressure 
of 40 mm., and then sealed up; after standing a couple of days, the 
substance showed no apparent change. The tube was then connected 
by rubber tubing to a glass tube filled with mercury ; on the point of 
the drawn-out tube being broken within the rubber tube, the mercury 
rushed up and nearly filled it. That the volume of gas left was air, 
und not ether vapour, was shown by subjecting it to pressure and 
cold, when it behaved as a permanent gas. 

The crystals of dimethoxydiphenylmethane were quite insoluble in 
water, but very easily soluble in ether, hot methylic and ethylic 
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aleohols, much less so in cold. They were not affected by boiling 
water and were volatile with steam. In one experiment, 2 grams of 
the substance were distilled with steam, and from the distillate 1:9 
gram was recovered, corresponding to 95 per cent. of the original 
quantity. A trace of gummy substance remained in the distilling 
flask. The substance was not affected by aqueous or alcoholic 
solutions of caustic alkalis; acids, on the other hand, completely 
decomposed it. In some molecular weight determinations by the 
cryoscopic method, acetic acid was used as the solvent, and results 
were obtained which pointed to dissociation. In the case of dieth- 
oxydiphenylmethane (see below), this was confirmed by the recovery 
of benzophenone from the acetic acid solution, 


Diethoxydiphenylmethane, (CsH;)2.C(OCHs)2. 


As previously stated, this was first prepared by the action of 
benzophenone chloride on ethylic disodiomalonate mixed with ethylic 
alcohol, the quantities taken being those required by the equation 
already given (p. 985). After the action was finished, the alcohol was 
distilled off and the residue poured into water. The oil, which sepa- 
rated from the water, was dried and then fractionally distilled under 
reduced pressure. When placed in a freezing mixture, the fractions 


which came over between 180° and 220° under a pressure of 40 mm. 
crystallised, and, by recrystallisation from hot ethylic alcohol, brilliant 
crystals were obtained, which agreed in all their properties with those 
prepared in the manner described below, and, on analysis, afforded the 
following figures. 


Theory for Cyz7Ho902. Found. 
79°16 per cent. 
Se 


In preparing diethoxydiphenylmethane from benzophenone chloride 
and sodium ethoxide, the process used was exactly similar to that 
described under dimethoxydiphenylmethane, the quantities taken 
being 46 grams of sodium, 72 grams of ethylic alcohol, and 23°9 
grams of benzophenone chloride. After two hours’ heating in a 
water bath, the solution, which was neutral, was filtered through a 
hot filter and the residue extracted several times with hot ethylic 
alcohol. On adding hot water to the hot alcoholic solution, from 
which the excess of alcohol had been distilled, until the turbidity at 
first produced just disappeared, almost all the substance separated on 
cooling in long prismatic crystals. In this way, 22°5 grams were 
obtained, or 88 per cent. of the theoretical yield. On analysis, the 
following results were obtained. 
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Theory for C,;H2903. Found. 
79°40 per cent. 
7°87 a 


The molecular weight, as determined by the cryoscopic method, 
using benzene as the solvent, was found to be 236-2 instead of 256. 

The crystals melted at 51°5—52°, forming a colourless oil, which 
distilled unaltered at 294—295°. The colourless distiliate crystallised 
on the introduction of a fragment of crystal, the crystals again melting 
at 52°. They were comparatively stable in air, but in an exsiccator 
over sulphuric acid they behaved like the dimethoxy-compound. 
02555 gram lost 0°0732 gram in weight after 16 days in an exsic- 
cator over sulphuric acid, thereafter remaining constant. This 
corresponds to a decrease of 29°65 per cent., the calculated decrease 
for (CsH;),C(OC,H;)2 when it loses (C,H;),0 being 29°81 per cent. 
The analysis of the residue gave numbers which agree well with those 
required for benzophenone. 

Theory for C,;H,)0. Found. 


85°35 per cent. 
5°62 é 


Diethoxydiphenylmethane is quite insoluble in water, but is very 
easily soluble in ether, light petroleum, hot methylic and ethylic 


alcohols, less so in cold. It is volatile with steam. It is not affected 
by boiling aqueous or alcoholic solutions of caustic alkalis, but it is 
decomposed by acids. Thus, by the action of acetic acid, benzo- 
phenone was formed, the melting point (48—49°) and the numbers 
obtained on anaiysis agreeing well with those required by that com- 
pound. Acetic anhydride also split it up, the same product being 
produced. 

On recrystallisation from hot absolute ethylic alcohol, very perfect 
crystals were obtained. I have also to express my thanks to Dr. 
Hugh Marshall, of Edinburgh University, for the following crys- 
tallographic examination. 


Diethorydiphenylmethane. 
Crystallised from ethylic alcohol. 


System and Class :—Monoclinic prismatic. 
a:b:c = 15016: 1: 12740. 
B = 106° 262’. 
Forms observed :—a{100}, c{001}, *{10I}, p{110}, w{11I}. A few 


crystals also showed minute faces of the form o{111} (determined by 
zones). 
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Fia., 2. 


Table of Angles. 

Measured. Mean. Calculated. 
55° =7’— 585° 25’ 55° 133’* 
73 24— 73 36 334* 
36 24— 36 39* 
46 86— 47 49 46° 57}’ 
80 26— 80 40 80 423 
109 50--110 56 110 O 
65 33— 65 36 65 40 
47 32-— 47 45 42 47 40 

_— 73 10 


The crystals are often tabular on the basal pinacoid, or prismatic 
along the axis of symmetry. The best reflections are given by the 
faces of the forms p and w. The faces soon become dull if left 
exposed to air. 

There is no well-marked cleavage. 

When examined through the basal pinacoid in convergent polarised 
sodinm light, one bisectrix is seen to be almost normal to that form. 
The axes themselves lie in the plane (010), but are not observable. 


Attempts to prepare diisopropoxydiphenylmethane, 
(C.H;),.CLOCH(CHs), ]2, 
have not yet been successful. When benzophenone chloride was 
treated with sodium propoxide under conditions similar to those em- 
ployed in the previous cases, benzophenone was the chief product, 
85 per cent. of the benzophenone chloride being converted into it. 
Further experiments to obtain this compound are in progress. 


Dibenzoxydiphenylmethane, (CsHs),C(OC;H;)2. 


The method of preparing this substance differed slightly from the 
above-mentioned. 2°3 grams of sodium were dissolved in 53 grams 
of benzylic alcohol, and to the cold solution, which resembled glycerin 
in consistency, 12°8 grams of benzophenone chloride were added. 
After being heated for nine hours in a water bath, the mixture had 
become a solid jelly, but still gave a strongly alkaline reaction with 
litmus; to complete the change, the mixture was heated in an oil 


bath al 
reactio 
jelly-h 
solutic 
with | 
remail 
needle 
filtrat 
paper 
alevh 
were 


THE CONDITION OF DISSOLVED SUBSTANCE, ETC. 9 


bath at 205—210° for five hours, but even at the end of that time the 
reaction was still faintly alkaline. On adding ether to the white, 
jelly-like product, a white, powdery solid separated. The ethereal 
solution, which was neutral, was filtered off, ard the residue extracted 
with ether several times; on distilling off the ether, a yellow oil 
remained, which, on standing, yielded a crop of fine, prismatic, 
needle-like crystals. The oil was separated from the crystals by 
filtration with a filter pump, and the crystals dried between filter 
paper. On fractional distillation, the oil was found to be benzylic 
alcvhol, distilling under a pressure of 60 mm. at 142°. The crystals 
were recrystallised from methylic alcohol, in which they are only 
sparingly soluble when cold, but more readily when hot. They 
melted between 194° and 105°. In this manner, a yield correspond- 
ing to more than 60 per cent. of the theoretical was obtained, although 
it may probably be increased by modifying the conditions of the 
experiment. 
An analysis gave the fullowing results. 


Calculated for C.;H.,0. Found. 
Ciciseicic: OR 84°83 per cent. 
) ee 6°32 6°36 js 


This substance was casily soluble in hot ethylic alcohol ard light 
petroleum, but much less so in cold. On exposure to the air, the 
crystals lost their brilliancy and deliquesced. When distilled under 
the ordinary pressure, decomposition appeared to take place, the 
temperature rising steadily from 260° to above 360°, and the distillate 
forming a colourless, fragrant smelling liquid, which crystallised only 
very partially, even after the introduction of a crystal of the original 
substance. Under a pressure of 40 mm., it distilled without decom- 
pesition at about 305°, the distillate being colourless and solidifying 
at once to crystals, melting at 103—105°. 


Heriot-Watt College, 
Edinburgh. 


LXIV.—On certain Views concerning the Condition of 
the Dissolved Substance in Solutions of Sodium 
Sulphate. 


By Rap Francis D’Arcy, M.A. 


For a long time it has been well known that if the decahydrate of 

sodium sulphate is dissolved in water, the solubility increases witb 

rise of temperature up to about 33—34°, but after that the solubility 
VOL. LXIX, 3x 
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decreases. Lowel’s (Ann. Chim., [3], 33, 334, and 49, 32) results 
show that, starting with Na,SO,,10H,0, the strongest solution ob- 
tainab’e is that which is saturated at about 34°, and contains about 
55 parts of Na,SO, to 100 of water, the solubility-decreasing as the 
temperature rises until 120° is reached (Tilden and Shenstone, Phil. 
Trans., 1884). 

Other facts which have a bearing on this subject are that when 
a strong solution is cooled either Na,SO,, Na,SO,,10H,O, or 
Na,SO,,7H,O may separate, and that supersaturation, with reference 
to the hydrates, is easily manifested in the case of this salt. 

As an explanation of these facts, it has been thought on the one 
hand that these point to the existence of hydrates in solution—the 
decahydrate, for instance, decomposing at about 33°, both in solution 
as well as in the solid state. Others were led to adopt the view that 
the condition of the dissolved substance is the same in all cases,* 
this being the view held by Ostwald (Lehrbuch, Bd. I, 1060. 2ud 
edit.) and others. 

One reason for the adoption of the latter view is, doubtless, to 
reconcile the explanation of these phenomena with the developed 
van’t Hoff theory of solution, the continuous manner in which all the 
known properties of a solution of svdium sulphate vary in passing 
through the temperature 33° being adduced as showing that no 
fundamental change takes place in the dissolved substance. Such a 
change might, perhaps, be difficult to detect in the case of dilute 
solations, where the mass of the dissolved substance is small in com- 
parison with that of the solvent. Of the various properties which 
might be examined especially for his purpose, viscosity seemed to 
be one which might throw further light on the subject ; it is, more- 
over, a property which has not in all cases yielded results easily 
intelligible according to the van’t Hoff theory, but has, on the other 
band, in certain cases been thought to show the existence of hydrates 
and other molecular aggregates in solution, notably the results first 
observed by Graham of the existence of a solution of sulphuric acid 
of maximum viscosity corresponding in composition to H,SO,,H,0, 
and like results for other substances. 

Again, the change in a solution of a chromium salt, which is pro- 
duced by raising the temperature of such a solution to about 80°, is 
oue which alters (Sprung, Ann. Phys. Chem., 159, 34; Phil. Mag., 
Oct., 1889) the viscosity of the solution, the change in the condition of 
the dissolved substance being accompanied by an alteration in the 
viscosity of the solution. 

Hence it seemed of interest to determine the viscosity of strong 


* See, for instance, Nicol (Phil. Mag., 1885), and Tilden (Brit. Assoc. Report, 
1886. 
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solutions of sodium sulphate when made from the anhydrous salt and 
from its hydrates—to determine the variation of the viscosity as the 
temperature is changed—especially for temperatures near 33°, and to 
ascertain whether any change is produced in the viscosity by heating 
solutions made in the cold, and recooling them. Various observers 
have determined the viscosities of solutions of this salt, especially of 
dilute solutions.* 


Experimental Method. 


The time of flow through a tube being the basis of the method now 
universally used in experiments on the viscosity of liquids, an appara- 
tus based on this method was devised to be especially suitable for the 
solutions to be used, the dimensions being arranged so (1) that the 
magnitudes of the quantities to be observed should be capable of 
being determined conveniently to about the same degree of accuracy, 
(2) that the flow through the tube should be linear and not turbu- 
lent, (3) that the correction for the kinetic energy of the liquid 
issuing from the fine tube should be small and capable of approxi- 
mate calculation, (4) that the correction for the finite length of the 
fine tube should also be capable of approximate calculation. 

The principal constant of the apparatus was found from experi- 
ments with water at 20°, the value of the viscosity of this having 
been accurately determined by various observers. The value used 
was 0°010051, being the mean of the results of Poiseuille, Sprung, 
Slotte, and Thorpe and Rodger, and taken from the table given in 
the work of the last-named observers (Phil. Trans., A, 1893). 

In this way it was unnecessary to know the mean radius of the fine 
tube accurately, or to trouble about small inequalities of cross-section. 
The figure shows the form adopted, which, it is thought, has some 
advantages over forms which have been used in some researches. on 
this subject. The bulbs. A and B have approximately the same 
volume (this was secured by determining the volumes of a large 
number by weighing the water they contained—two experiments 
gave 4°61 and 4°60 for A, and 4°60 and 4°59 for B—this was before the 
marks a and b were etched), the fine tube ced is bent six times at right 
angles, its length is 50°5 cm. approximately, and its radius 0°030. 
The tube g, whose diameter is about 1°5 mm., was fused on to the 
tebe on which B is blown ; it was cut off of such a length that when 


* Sprung (Pogg. Ann., 1876) determined the viscosities of solutions of sodium 
sulphate, and remarked the absence of any irregularity in passing through 33°. 
He did not employ, however, solutions as strong as some of those used in the 
experiments to be described, and was not primarily coucerned with the question 
under discussion. The point seemed to be one worth investigating in the light of 
more recent work. 


8x23 
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the apparatus was inverted and the bulb B and its tube filled to f, by 
using the pump, the volume of the liquid so introduced into the 
apparatus was that required to fill A from a to just below b when the 
apparatus was in the upright position as shown in the figure. The 


* To pump = i 1— To gauge and inverted 


oe 


Mariotte’s bottle. 


2 2 es Se 


volume between the marks a and b is 4°70 c.c.; the vertical distance 
between a and b is about 2cm. Henc: it is secured that variations 
in the densities of the liquids used do not affect the effective 
pressure. 

In the experiments described below, this apparatus was immersed 
in a large beaker containing about 24 litres of water, kept constantly 
stirred. The temperatures were observed by means of a ther- 
mometer graduated to 1/1)th of a degree. The liquid in A was 
forced through the fixe tube by the pressure produced by a column 
of water of constant height ; this was secured by using a Mariotte’s 
bottle connected with another bottle, which may be called an inverted 
Mariotte’s bottle, as in the experiments of Pfibram and Handl 
(Wien Sitzungsber., 1873 and 1879; Ostwald, Lehrbuch, Bd. I, 554). 

The pressure was measured by a water manometer, the scale 
of which could easily be read to + mm. The pressure used was 
about 40 cm. of water. The numbers tabulated are in each case the 
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mean of several observations of a very approximately constant pres- 
sure, and are corrected for variations of temperature. 

Times of transpiration were measured by means of a stop-watch to 
nominal tenths of a second, which was rated and the necessary cor- 
rections applied. 

In making an experiment, the water in the beaker was brought to 
a suitable temperature, the liquid filling the bulb B, then, by con- 
necting with the pump, the liquid was transferred to A through the 
fine tube; thus very efficient mixing was secured, the top of the 
liquid being drawn up about 3 cm. above the mark a; the connection 
with the inverted Mariotte’s bottle was then made, and the stop- 
watch started as the meniscus passed the mark a and stopped as it 
passed 6. During the whole of this process the temperature rarely 
varied as much as 1/10th of a degree, being kept constant by means 
of a very small flame. It is coasidered that the average temperature 
of an experiment can be relied on to 1/20th of a degree. 

With the dimensions chosen, the flow through the tube is linear 
and not turbulent, for the grsatest value of the velocity of efflux 
should not exceed (Osborne R:.v.aolds, Phil. Trans., 1883 and 1886) 
2000 »/2rp = 377 cm. per sec. Where 7 denotes the coefficient of 
viscosity = 0°011335 according to Thorpe and Rodger for water at 
15°. 

r = radius of tube = 0°030 for tube used. 

p = density of liquid. 
Whereas the value for water at 20° was 4°2 cm. per sec., and for the 
solution numbers of the same order of magnitude for the solutions 
used; therefore, the motion was linear. 

The correction for kinetic energy is very small in every case, 
seldom being as much as 0°2 per cent. It was calculated from Conette’s 
formula. 

pV 
Sax(l + Lt 
p = tho density of the liquid; V = the volume going through the 
fine tube in a time, ¢; / = the length of the tube; L = the cor- 
rection for finite length taken as 2°8 x 006; V=47ec.;l= 
50°5 cm. 

Only a very rough value of this was required for the experiments 
here described. The value of » for the various solutions was found 
as follows, the complete expression for giving », the coefficient of 
Viscosity in absolute units being 

_ _ wRhpgt . pV 
7=8V( +L) 8x + Lt 


R = radius of fine tube; h = height of manometer; p’ = density 
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of liquid in manometer; ¢ = time of flow; V = volume of 
liquid going through fine tube; L = correction for finite length 
as above; p = density of liquid experimented on. 


Whic’ for agiven apparatus may be written as 
7= ahp't a: e. 

aand b being constants, neglecting the expansion of the glass 
which is certainly admissible in the experiments described, the value 
of a was found from experiments on water as mentioned previously 
by putting 

re 47 x 7 
8 x 22 x 2Zlo4 x (505 + 2) 
0:010051 = a x 38-91 x 212-4 — 1X 000369 
212°4 
the average time of flow of water at 20° through the fine tube when 
the pressure was 38°91 cm. of water at 16°, being 212°4 seconds. 
Hence a = 0:000001218. 

Six solutions were used; the second and third were made by dis- 
‘solving the pure decahydrate (caleulated to Na,SO,), the others 
from the anhydrous salt (see Tables, pp. 999—1001). 

Solutions II, III, and 1V were made of very nearly the same strength, 


i was more dilute, V and VI were stronger, as shown in the follow- 
ing table. 


Solution I contained 11°65 grams Na,SQ, to 100 grams water. 
II 13°30 100 ‘ 
III 13°27 100 
IV 13°28 100 
a V 15°97 100 
“ VI a 18°50 100 
A solution saturated 
at 20° as regards 
Na,80,,10H,0 con. 7194 -” 
tains 


= 0°00359 approx. 


In making these, the solid taken was dissolved in the requisite 
quantity of water—added by means of a calibrated burette—the 
tempcrature not being raised above 20° (except in the case of V1). 
The solutions were filtered, and appeared to be free from any 
particles in suspension. The variations in the viscosities of these 
solutions for temperatures near 33° were determined. 

The results are given in the tables and plotted in the curves. 
Nothing points to any abrupt change taking place in the solution at 
any temperature near 33°, the results obtained verifying Sprung’s 
earlier observations. 
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The viscosities of solutions II, III, and V were determined both 
before and after heating to 90°, for if hydrates existed in these solu- 
tions, it is perhaps conceivable that the viscosity of a solution might 
depend on its previous thermal history, as is the case in a chrome 
alum solution, especially if supersaturation was in any way dependent 
on the formation or non-formation of hydrates. No such effect was, 
however, noticeable. 

The results obtained are, therefore, in complete accordance with 
the view indicated by other properties, and seem to show that there 
is no abrupt change in the condition of the dissolved substance in 
passing through the temperature 33°, and that a solution made from 
the anhydrous salt is identical with one made from the decahydrate 
in spite of the differences of solubility of these substances. 

Experiments were also made with solutions of the heptahydrate, 
and, as far as they went, seemed to confirm the results obtained with 
the decahydrate ; as, however, there was a difficulty in getting satis- 
factory specimens of this hydrate, the results are not considered 
sufficiently trustworthy to be given. 

The experiments described give the dependence of viscosity on 
concentration for these strong solutions ; the viscosity of the stronger 
solutions is seen to diminish with increasing temperature more 
rapidly than is the case with the more dilute solutions. 

I have much pleasure in thanking my friend, Dr. Ruhemann, for 
giving me the requisite facilities for doing this work in his 
laboratory. 


TaBLE I.—Solution I, containing 11°65 Grams of Na,SO, to 100 Grams 
of Water. 


Pressure 
Mean i | 
em. of water — 


temperature. at 16°. seconds. 


Kinetic 
energy 
correction. 


38 92 277°7 0°013165 "Or 0°01315 
299 ‘2 0 °01419 0 014175 
286 °0 0 01356 0 01354 
244 °6 0 ‘011605 0°01159 
233 *1 0 01105 0 01103 
222 °9 0 010565 0 °010545 
216 °4 0 01026 0°01024 
195°0 0 009242 0009219 
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TaBLE II.—Solution IT, containing 13°30 Grams of Na,SO, to 100 Grams 
of Water. 


> 


Mean 
temperature. 


Pressure 
em. of water 
at 16°. 


Time 
seconds. 


Kinetic 
energy 
correction. 


19 -73° 
21°27 
23 °31 
24°78 
24 °76* 
22 ‘51 
20°74 
21°31 
30°2 
34°38 
39°70 


38 ‘92 


320°8 
3(9°2 
294 °5 
285 °0 
284°8 
299°8 
313 °8 
309°5 
252 °9 
231 °6 
209 °3 


0°01521 
0 °01465 
0 -01396 
0 ‘01351 
0 01350 
0°01421 
0 °01487 
0 -01467 
001188 
0°01088 
0 009832 


i 


0 000014 
14 
15 
16 
16 
15 
14 
14 
18 
19 
21 


0 ‘01520 
0 01464 
0 01394 
0 °01349 
0 01348 
0-01419 
0 01486 
0 ‘01466 
0°01186 
0 °01086 
0-00981 


Tasce IlI.—Solution ITI, containing 13°27 Grams of 
100 Grams of Water. 


Na,SO, to 


Mean 
temperature. 


Pressure | 
| em. of water | 
| at 16°. 


Time 
seconds. 


aht. 


Kinetic 
energy 
correction. 


19 ‘02° 
20°24 
22°00 
23 °37 
23 *39* 
21°57 
20 °38 


326 2 
315°8 
303 *6 
293 ‘6 
293 °8 
306 °3 
316 0 


0 °01545 
0 °01495 
0°01438 
0°01391 
0 °01390 
0 °01449 
0 01495 


0 000014 
14 
15 
15 
15 
14 
14 


0 '01544 
0°01494 
0 °01436 
0 °01389 
0 °01388 
0 *01448 
001494 


TaBLe 1V — Solution IV, containing 13°28 


100 Grams of Water. 


Grams of Na,SQ, to 


Mean 
temperature. 


| Pressure 
em. of water 
at 16°, 


Time 
seconds. 


aht. 


Kinetic 
energy 


ce rrection. 


23 *29° 
24°77 
19°75 
21°58 
34°48 
40 -96 
32°75 
30 *49 


| 
| 


293 °9 
284 °4 
321 “+b 
307 *4 
230°8 
203 °0 
238 °3 
219°6 


0 °01393 
0°01348 
0°01524 

0 °01457 
0°01094 . 
0 -009622 
0°01130 

0 °01183 


0°C00016 
16 
14 
1t 
19 
22 
19 
18 


0 °01391 
0°01346 
0°01523 
0 01456 
0-01992 
0 09600 
0 °01128 
O-U11S1 


* Solution heated to 90° and re-cooled. 
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TasLe V.—Solution V, containing 15°97 Grams of Na,SO, to 100 Grams 
of Water. 


Kinetic 
energy 
correction. 


Pressure 5 
Time 
Mean em. of water 


temperature. at 16°. seconds. 


0 01655 0 01654 
‘01598 0 01597 
01513 0-°O1511 
01411 0 01409 
‘01509 0 °01508 
01562 | 0°0156L 
"01592 | : 0°01591 
013055 0 ‘01305 
61252 0 °01250 
*01225 0 °01223 
‘01203 0 ‘01201 
01149 | 0 °01147 
01054 0 °01052 
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Taste VI.—Solution VI, containing 18°50 Grams of Na,SO, to 
100 Grams of Water. 


Pressure ‘ 
Mean : Time 
em. of water 


temperature. 7 seconds. : 
} . at 16°. - | correction. 


| 
| 


22°27° 38 °92 358 ° 0°01701 0 °000012 
25°35 333 ° 0 °015783 14 
31°29 290° 0 ‘013773 16 
32°33 284 °2 0 01347 16 
35°54 265 * 0 °01258 18 
40°16 242° 0 011485 19 


Gonville and Caius College, 
Cambridge. 


* Solution heated to 90° and cooled again. 


LXV.—TIodoso- and Iodoxy*-benzaldehydes, 


By Tuomas Stewart Parrerson. 


Tue first’ representative of the class of iodoso-compounds prepared 
was orthoiodosobenzoic acid (Ber., 1892, 25, 2632), which was ob. 
tained in an attempt to nitrate orthoiodobenzoic acid. A method of 
general preparation was soon after discovered, and many other sub. 
stances of this class investigated, one result of which was to show 
that, as a rule, ortho-substituted iodoso-compounds may be mor 
easily prepared than the corresponding meta- or para-derivatives, 
This is the case, for instance, with the iodosobenzoic acids, nitro. 
iodosobenzenes, and the iodosobenzenesulphonic acids. It was there. 
fore to be expected that the iddosobenzaldehydes would exhibit a 
similar tendency, but, as is shown in the following paper, which 
gives an account of some work done recently in the laboratory of 
Heidelberg University, at the suggestion of Professor Victor Meyer, 
just the reverse is the case; meta- and para-iodoso- and iodoxy- 
benzaldehydes may be obtained with ease, whilst the preparation of 
orthoiodosobenzaldehyde is attended with considerable difficulty. 
Meta-iodobenzaldehyde.—This was prepared by a method analogous 
to that used by Erdmann and Schwechter (Annalen, 1890, 260, 59) 
for the preparation of metachlorobenzaldehyde. Ten grams of meta. 
nitrobenzaldehyde are reduced by gradually adding it to a solution of 
45 grams of stannous chloride in 60 grams of concentrated hydro- 
chloric acid ; the action is accompanied by a considerable evolution 
of heat, and it is advisable to keep the temperature of the mixture 
below 60°. The mass is then allowed to cool, and the metamido- 
benzaldehyde present is diazotised by the gradual addition of a 
solution of sodium nitrite, until a drop of the diazo-solution colours a 
piece of starch-iodide paper blue, the temperature of the liquid being 
meauwhile kept at 0°. After a time, the diazo-solution is transferred 
to a large flask, a solution of 15 grams of potassium iodide in about 


* The choice of this designation for the group IO, is unfortunate. The word 
“‘iodoso” was introduced by the discoverer of these compounds in order to indi- 
cate the analogy between the nitroso-group, -NO, and the new one, -I0; and the 
resemblance between nitrogen and iodine was further shown by the discovery of 
substances containing the group -IO,, corresponding exactly with the nitro-com- 
pounds, and ought therefore to be called in English, as in German, iodo-com- 
pounds. It would have been much better to have adopted the names chlorbenzene, 
brombenzene, and iodbenzene for the substances C,H,Cl, C,H;Br, C,H;I, as the 
simplest possible, so that any termination rendered necessary by future work might 
be added if required, and thus to avoid the necessity of employing the term “ iodoxy” 
for the group —I0,.--T. 8S. P. 
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50 grams of water is added, and, in a short time, the mixture is 
gently heated on the water bath until the evolution of nitrogen 
ceases. A solution of sulphurous acid is then added in order to 
reduce the separated iodine, and the meta-iodobenzaldehyde, which 
appears as a heavy oil, is distilled in a current of steam. The 
aldehyde which solidifies in the receiver and in the condenser, is 
collected, washed with water, and purified by treatment with a dilute 
solution of sodium hydroxide at about 60°. The aldehyde crystal- 
lises from dilute alcohol in short prisms, and melts at 57°. In a 
Carius estimation of the iodine 
0'2257 gave 0°2285 Agl. I = 54°71. 
C,H,I-CHO requires 54°74 per cent. 


Meta-iodobenzaldehyde Dichloride.—To prepare this, 1 gram of meta- 
iodobenzaldehyde was dissolved in 10 c.c. of chloroform, and chlorine 
passed through the solution. In a short time, small, yellow crystals 
separated ; these were collected, washed with chloroform, and dried 
on unglazed porcelain in the air; 0°91 of a gram of chloride was 
obtained. The substauce decomposes slowly on exposure to air. 
The chlorine was estimated by treating it with dilute acetic acid and 
potassium iodide, the liberated iodine being titrated with sodium 
thiosulphate. 


0-1908 required 12°7 c.c. of N/10 thiosulphate solution. Cl = 23°57. 
C,H,I-CHO,Cl, requires 23°43 per cent. 


The white substance left in the bottle after the titration was meta- 
iodobenzaldehyde. 

Meta-todosobenzaldehyde.—We first attempted to prepare this com- 
pound by triturating the dichloride in a mortar with a 10 per cent. 
solution of sodium hydroxide; this decolorised the dichloride in a 
few minutes, leaving meta-iodobenzaldehyde, which, after recrystal- 
lisation from dilute alcohol, melted at 56—57°. Other experiments 
were made with sodium hydroxide solutions of different concentration 
and with calculated quantities of the same, but without much success. 
Either the dichloride was completely reduced to meta-iodobenzaldehyde 
or the product contained chlorine. 

On acidifying the filtrate in these experiments, a white precipitate 
of meta-iodobenzoic acid was obtained, melting (unpurified) at 150°, 


su that part of the aldehyde had been oxidised to the corresponding 
acid, 


If, however, instead of sodium hydroxide, a solution of sodium 
carbonate be used, which may be quite concentrated, meta-iod»so- 
benzaldehyde can easily be obtained. The dichloride is triturated in - 
® mortar with excess of sodium carbonate solution until the bright 
yellow colour of the former is no longer visible, and, after a time, the 
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meta-iodosobenzaldehyde is collected, and washed first with water anj 
then with alcohol and ether in order to remove any meta-iodoben, 
aldehyde which may have been formed. The substance thus prepare 
has a slight yellowish tinge, is amorphous, and insoluble in alcoho, 
ether, and benzene, but easily soluble in glacial acetic acid; it decom. 
poses at about 190° and liberates iodine from an aqueous solution ¢ 
potassium iodide at once, although to effect complete decomposition 
the addition of acid is necessary. 

The active (iodoso) oxygen in this compound was estimated by 
titration just as the chlorine was in the chloride. 


0°1879 required 14°73 c.c. N/10 thiosulphate solution = 6°27 pa 

cent. active oxygen. 
C.H,(10):CHO requires active oxygen = 6°45 per cent. 

The white substance left in the bottle after titration melted a‘ 56° 
and was meta-iodobenzaldehyde. 

A Carius estimation of the iodine in the compound gave the follow. 
ing result. 

0°2094 gave 0'1972 AgI. I = 50°89. 

Theory, I = 51°21 per cent. 

Meta-iodosobenzaldehyde acetate may be prepared by dissolving meta- 
iudosobenzaldehyde in a small quantity of glacial acetic acid, and 
gradually adding hot water until a slight turbidity is observed, 
then filtering into a flat dish, and allowing it to stand in an ex- 
hausted desiccator for about 24 hours. The acetate separates in 
small, colourless prisms, the melting point of which is not very 
sharp, but lies at about 157°. It liberates iodine from potassium 
iodide at once. A titration of this substance was made in the same 
manner as for meta-iodosobenzaldehyde, 


0°2180 required 12°47 c.c. N/10 thiosulphate solution, the quantity 
calculated from the formula C,H,I(OAc).°CHO being 12°46 c.c. 


The residue after titration was meta-iodobenzaldehyde. 

Meta-iodoxybenzaldehyde.—This is obtained by boiling meta-iodoso- 
benzaldehyde with water until all, or nearly all, the solid has passed 
into solution. In this reaction one half of the iodoso-aldehyde is 
oxidised at the expense of the other, thus 


2.H<pe? CHO 


= CH<y? + CHK PEO. 

The meta-iodobenzaldehyde formed passes off almost entirely with the 
steam, but if any remains, steam may be passed through the solution 
to effect its removal, the meta-iodoxybenzaldehyde remaining in the 
sointion in the flask. The hot solution after filtration is concentrated 
until small white crystals begin to form, allowed to cool, ani 
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he small flakes of iodoxy-aldehyde which are deposited are collecte1 
nd washed with ether and alcohol, in neither of which it is soluble. 
his substance merely tinges an aqueous solution of potassium iodide 
rellow, but liberates the iodine quantitatively in presence of acid ; 
he active oxygen was, therefore estimated in the same manner as 
n the case of the iodoso-aldehyde. 


0:0556 required 8:41 c.c. N/i0 thiosulphate solution = 12°10 per 
ent. active oxygen. 


C.H,(10.)*CHO requires 12°12 per cent. active oxygen. 


The residue left after titration was meta-iodobenzaldehyde. 
Para-iodobenzaldehyde was made by a method exactly analogous to 
hat used for the preparation of the meta-compound. Recrystullised 

from dilute alcohol it forms colourless needles, and melts at 77—78°, 
somewhat higher than stated by Jackson and White, namely, 73° 
(Beilstein). 

Para-iodobenzaldehyde dichloride may be obtained by dissolving the 
aldehyde in dry chloroform, and passing chlorine through the solu- 
tion; it is precipitated in small yellow crystals, which are washed 
with chloroform and dried in the air. A titration of this sub- 
stance, according to the method previously used gave the following 
result. 


04830 required 31°72 c.c. N/L0 thiosulphate solution. Cl = 23°31. 
C.H,(ICI,)-CHO requires Cl = 23°43 per cent. 


The residue from the titration was para-iodobenzaldehyde. 

Para-iodosobenza!dehyde was prepared by triturating the dichloride 
in a mortar with a concentrated solution of sodium carbonate. The 
mixture was allowed to stand for some time (about half an hour) 
after the yellow colour of the chloride had disappeared, when the iodoso- 
aldehyde was collected, washed with water, shaken up with alcohol 
and ether, collected again, and dried. It is a pale yellow substance, 
which reacts strongly with potassium iodide, and decomposes at 
about 115° when heated in a melting-point tube. In a titrimetric 
analysis 

01276 required 10:21 c.c. N/10 thiosuiphat2 solution = 6°49 per 


cent. active oxygen. 
C.H,(10)-CHO requires 6°45 per cent. active oxygen. 


It is very soluble in glacial acetic acid, but we were unable to obtain 
a well-crystallised acetate from it. 

Para-iodoxybenzaldehyde may be prepared from para-iodosobenz- 
aldehyde, in the same way that meta-io loxybenzaldehyde is obtainel 
from meta-iodosobenzaldehyde. It crystallises from hot water in 
white flakes, and decomposes at 216°. 
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0:1389 required 20°92 c.c. N/10 thiosulphate solution = 12°12 per 
cent. active oxygen. 
Theory requires 12°12 per cent. active oxygen. 


Ortho-iodobenzaldehyde.—For the preparation of this compound, 
ortho-amidobenzaldehyde, was first made according to Friedlinder’s 
method (Ber., 1884, 17, 456). 50 grams of crystallised ferrous 
sulphate are dissolved in 120 c.c. of cold water, and to this solution 
are added 3 grams of orthonitrobenzaldehyde, and 27 grams of 
ammonia solution (sp. gr. 0°910). The dirty-green, thick mass is 
heated for about half an hour on the water bath, and then the amido- 
aldehyde is distilled over in a current of steam. The first 150 c.c. or 
so of the distillate comes over milky, the succeeding portion is clear, 
but has a green colour. About 700 c.c. of the distillate are collected, 
acidified with hydrochloric acid, cooled with ice to 0°, and diazotised 
with sodium nitrite solution until a drop of the diazo-solution colours 
a piece of starch iodide paper blue. 

The diazo-solution is then transferred to a large flask, and a solu- 
tion of 10 grams of potassium iodide, in about 50 c.c. of water, 
added ; an evolution of nitrogen takes place, and iodine separates. 
After a time, the mixture is heated gently on the water bath until 
the evolution of nitrogen ceases, and then sulphurous acid is added 
until the iodine is all reduced, The aldehyde is distilled over with 
steam, and solidifies in the receiver; it is purified by shaking with 
warm, dilute caustic soda solution. On solidifying again it is 
collected and washed with water. Thus prepared it has a melting 
point of 36°. 

Ortho-iodobenzaldehyde dichloride may be prepared in the usual 
manner by passing chlorine through the chloroform solution of the 


aldehyde. 


0°3925 required 25°89 c.c. N/10 thiosulphate solution. Cl = 23-41. 
Theory requires Cl = 23°43. 

The residue from the titration was ortho-iodobenzaldehyde melting 
at 36°. On treating some of this dichloride with a concentrated solu- 
tion of sodium carbonate only a very small quantity of a white 
substance remained undissolved, and this, as its melting point (36°) 
showed, was ortho-iodobenzaldehy de. 

An attempt was made to prepare the iodoso-aldehyde by treating 
the chloride with a 2 per cent. sodium carbonate solution. One 
gram of the dichloride was allowed to stand in a mortar with a 
little more than the theoretical quantity of this solution for about 
two hours, being stirred occasionally; the yellow colour had then 
completely disappeared, and the white substance which remained 
was collected, washed with water, alcohol, and ether, and dried in 
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a desiccator. Only a very small quantity was obtained, about 
0:1 gram. It turned brown on heating to 205°, and decomposed with. 
intumescence and separation of iodine at 210°. A titration executed 
in the usual manner gave the following result. 


0:0797 required 6°5 c.c. N/10 thiosulphate solution = 6°52 per cent. 
of active oxygen. 
Theory requires 6°45 per cent. of active oxygen. 


The residue from this titration was ouly precipitated after 24 hours’ 
standing ; it was ortho-iodobenzoic acid melting at 148°. 

A very small portion of the supposed iodosoaldehyde was shaken 
up with sulpburous acid in order to reduce the iodosoaldehyde to 
iodoaldehyde and the residue collected, washed with water, and 
dried. Its melting point was then found to be 36°, and the substance 
was, therefore, ortho-iodobenzaldehyde. 

A small quantity of substance, prepared as above described, was 
boiled with water in order to prepare ortho-iodoxybenzaldehyde, but 
instead of this ortho-iodobenzoic acid was formed. 

On acidifying the alkaline filtrate from the iodosoaldehyde with 
sulphuric acid, a pale yellow precipitate was obtained, which was 
collected, washed with water, and recrystallised from hot water. It 
was strongly active towards potassium iodide, decomposed on heating 
at 228°, and was easily soluble in alkalis. After being decomposed 
with potassium iodide and acid, a residue of ortho-iodobenzoic acid 
was left melting at 155°, so that the precipitate from the sodium 
carbonate solution was ortho-iodosobenzoic acid. 

Itis, therefore, probable from these experiments that ortho-iodoso- 
benzaldehyde is capable of existence although the yield obtained was. 
too small to enable as to definitely decide the point, but at any rate 
itis much more difficult to prepare than the meta- and para-iodoso- 
benzaldehydes, by far the larger part of the chloride used being con- 
verted into ortho-iodosobenzoic acid. 

This fact is interesting when we remember that with the acids, 
the reverse is the case, ortho-iodosobenzoic acid may be easily 
obtained whilst the preparation of meta- and para-iodosobenzo’c 
acids offers considerable difficulty. 

As the oximes and phenylhydrazones of ortho-, meta-, and para- 
iodobenzaldehydes have not been described we have also prepared 
them. 

The three oximes were prepared by the following method. 

Two parts of the aldehyde are dissolved in alcohol, and to this 
solution is added one prepared by mixing a solution of 1 part of 
hydroxylamine hydrochleride in water, and 1 part of potassium 
carbonate in water. This mixture is allowed to stand for some time, 
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when the oxime is precipitated by adding water and recrystallised 
from dilute alcohol. 

Ortho-iodobenzaldoxime forms small, colourless needles, and melts 
at 107—108°. 

In an estimation of the nitrogen by the magnesite method 


(3893 gave 16:2 c.c. moist nitrogen at 12° and 757 mm. N = 5 55. 
C.H,I-CH:NOH requires N = 5°67 per cent. 


Metu-iodobenzaldoxime also forms colourless needles melting at 
62—63°. 
0°3067 gave 15°3 c.c. moist nitrogen at 16° and 761 mm. N = 5°82. 
Theory requires N = 5°67 per cent. 


A small quantity of this‘oxime was dissolved in chloroform and 
chlorine passed through the solution, whereupon a peculiar reaction 
was observed. The solution was at once coloured a deep bluish- 
green and, if concentrated, it at first completely absorbed the chlorine. 
By the continued action of chlorine, the colour passed through various 
tints, and finally disappeared, but before it was quite gone a white 
precipitate separated, which became yellow by further treatment 
with chlorine. This yellow substance was collected and dried, and a 
weighed portion decomposed with potassium iodide and acid. The 
separated iodine was then titrated with sodium thiosulphate. 


0°3146 required 18-4 c.c. N/10 thiosulphate solution. Cl = 20°76. 
C,H,(1Cl,)CH:NOH requires C] = 22°32 per cent. 


In order to see if this reaction extended also to other oximes some 
benzaldoxime was prepared, a portion of it dissolved in chloroform 
and chlorine passed through the solution. The same colour phe- 
nomena were observed, but no precipitate was obtained in this case. 
We hope soon to have further investigated this reaction. 

Para-iodobenzaldoxime. Colourless needles melting at 111°. 


0°3902 gave 20°2 c.c. moist nitrogen at 19° and 742°5 mm. N = 5°84. 
Theory requires N = 5°67 per cent. 


The phenylhydrazones were prepared by dissolving 2 parts alde- 
liyde in alcohol and adding to it an alcoholic solution of 1 part of 
phenylhydrazine. The mixture was allowed to stand for some time, 
and ihe hydrazone then precipitated with water, and recrystallised 
from dilute alcohol. 

The percentage of nitrogen for the formula C,H,I-CH:N-NH-C,U; 
is §°70. 

Ortho-iodobenzaldehydephenylhydrazone crystallises in small, yellow 
columns, and melts at 79°. 

(0'2233 gave 18°3 c.c. moist nitrogen at 12°and 757 mm. N = 8°57 p.c. 
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Meta-cvdobenzaldehydephenylhydrazone also forms yellow columns 
which gradually become red in air. Melting point 155°. 
0:2694 gave 20°8 c.c. moist nitrogen at 16° and 761 mm. N = 9°01 p.c. 
Para-iodobenzaldehydephenylhydrazone. Small yellow columns 
turning red in air. Melting point 121°. 


03239 gave 242 c.c. moist nitrogen at 16° and 754 mm. N = 8°61 p.c. 


LXVI.—The Action of Bromine on Pinene with reference 
to the question of its Constitution. 
By W. A. Titpen, D.Sc., F.R.S. 


Ix the Transactions of the Chemical Society for 1888, p. 879, I stated 
that pinene unites with four atoms of bromine. The method then 
employed for the estimation may be open to some objections, never- 
theless the different process used by Stschukareff four years later 
(J. pr. Chem., 1892, 47, 191) led to the same conclusion. Wallach, 
however, holds a different opinion, his experiments leading him to 
believe that pinene can unite with only two atoms of bromine, and be 
has succeeded in isolating a crystallised dibromide, C,H,.Br,. 

The question as to the capacity of saturation of this hydrocarbon is 
one of fundamental importance in the discussion of hypotheses as to 
its constitution ; I have therefore thought it worth while to under- 
take fresh experiments in order to explain, if possible, the discre- 
pancy in our results. 

First Series of Experiments.—F reshly distilled pinene boiling within 
arange of 1° was weighed out in a bottle and diluted with pure carbon 
tetrachloride to such an extent that the solution contained C,Hi,. + 
100 or 1:36 gram in 50 ¢.c. A solution of bromine in carbon tetra- 
chloride was prepared containing Br, + 100 or 1°60 gram in 50 c.c. 
The ratio CyHi. : Br, is therefore represented by 1 vol. of pinene 
solution to 1 vol. of bromine solution. The pinene solution was 
added to the bromine, both previously cooled to 0°, and kept during 
the whole course of the experiment in a room from which daylight 
was excluded. The bottle in which the solutions were mixed was 
connected by a stopper and tube with a cylinder containing water to 
arrest any hydrogen bromide which might be evolved. After the 
colour of the bromine had completely disappeared, the carbon tetra- 
chloride solution was well shaken with successive portions of water till 
the washings had no effect on litmus paper, and the acidity of the solu- 
tion was then determined by means of a standardised solution of soda. 

The following results were obtained. 
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Second Series of Experiments.—Much larger quantities of materials 
were now used with the object of further studying the products. 
The process, however, was in all essential particulars the same as 
before. The pinene solution was in all cases run into the bromine 
solution as quickly as possible through a tap funnel. The solutions 
were cooled to 0° or below. At —15° the action was much retarded. 
There was a rise of temperature after mixing amounting to about 10°. 
In these and all subsequent experiments dextropinene was used, and 
the proportiou of bromine corresponded to Br, for CyHj.. 
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In all these experiments, hydrogen bromide is evolved, even when 
the temperature is not allowed to rise, but this is the case not only 
when the proportion of bromine employed is equivalent to 4 atoms 
per molecule of pinene, but even when only 2 atoms of bromine are 
used, though, according to Wallach’s view, this should result only in 
the production of the dibromide. 

My experimental results are therefore in accord with those of Stschu- 
kareff, and, in my opinion, are sufficient to establish the fact that the 
fixation of bromine by pinene is in the proportion of Br, to C,H. 
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Third Series of EHaperiments.—A comparison was next made of the 
rates of combination of bromine with pinene and with limonene 
respectively. The latter hydrocarbon yields the well-known crystal- 
lised tetrabromide (m. p. 104—105°) discovered by Wallach. 

The process was carried out in the following manner. A solution 
of bromine in pure carbon tetrachloride was prepared containing 
about 20 grams of bromine per litre, the exact proportion of free 
bromine being determined in the usual manner by potassium iodide 
and thiosalphate. 

The hydrocarbon, freshly distilled after long contact with sodium, 
was also dissolved in carbon tetrachloride. 

The hydrocarbon solution, cooled to the desired temperature, was 
poured into the bromine solution, also cooled, and contained in a 
bottle from which daylight was excluded. The solutions being very 
dilute, the rise of temperature was very slight. Small, equal 
portions of the mixture were taken out by means of a pipette at 
intervals noted by the watch, and immediately shaken with potas- 
sium iodide, and thus the excess of bromine remaining at the moment 
was determined. 

The details of one experiment will suffice. 1°993 gram of pinene 
was dissolved in carbon tetrachloride, and the volume of the solution 
at 17° was 250°0c.c. Of this 155°25c.c. (cooled to —13° it measured 
149°3 c.c.) contained 1235 gram of pinene. This was mixed with an 
equal volume of bromine solution containing 3°439 grams of bromine. 
The ratio of pinene to bromine was therefore 0°00908 gram-molecule 
of pinene to 00430 gram-atom of bromine. ‘The results are shown 
in the following diagram, from which it is obvious that the hydro- 
carbon at once seizes nearly four atoms of bromine, and that the 
action of the excess of bromine is very slow. So that if substitution 
is taking place it is evidently proceediug very gradually. 
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A second experiment at —15° gave a closely similar result. 
3¥ 2 
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Pinene at —15°. 
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And lastly, a pair of experiments with pinene and limonene at 0° 
shows that these two hydrocarbons absorb bromine at practically the 
same rate. 
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In Wallach’s experiments (Annalen, 1891, 264, 4), the pinene 
solution was cooled by a freezing mixture, and bromine was added to 
it very gradually. In my experiments the solution of pinene was 
allowed to run in a stream into the bromine solution, so that the 
hydrocarbon was from first to last in the presence of excess of 
bromine. Stschukareff has already (loc. cit.) drawn attention to the 
effect of this difference of procedure, and has inferred, I believe 
rightly, that dextropinene, in the first phase of its interaction with 
bromine may combine with only two atoms of the element. The 
resulting dibromide is saturated, and its formation is analogous to 
that of the saturated monohydrochloride. Conditions being altered 
pinene is able to assimilate not Br, but 2Br., not HCl but 2HCl, 
though if Br, in the one case or HCl in the other be once added to 
the molecule, no further addition is possible. 
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» The formula which I am about to propose for pinene explains these 
facts. 

If we assume a ring of six carbon atoms with a para-linkage, not 
single, as used in some of Wallach’s formule, but double, we have a 
formula which, by disruption of this ethylenic bond, will account for 
the union with two or with four atoms of bromine, and for the 
frequent production of benzene derivatives. Thus, 

; CH, C-CH-CH; 
pinene, O,H,-CH-C-CH, 
by combination with Br, gives 
CHyCBr-CH-CH; 
C;H,CH:+CBr:CH, 
an expression which would represent a probably very stable com- 
pound, and which may stand for Wallach’s dibromide (m. p. 169— 
170°). When 4 atoms of bromine are added, an unstable tetrabromide 
results. 


’ 


CHyCBr,CH-CH, 
C;H,;CH:CBr,CH, 

In Wallach’s experiment, Br, was added to C,H, but the yield of 
crystallised dibromide amounted to no more than 7 per cent. of the 
pinene used, and this dibromide heated with aniline yielded only one- 
tenth of its weight of cymene. Now, the crude product of adding 
this proportion of bromine to pinene actually yields 30 per cent. and 
upwards of cymene. Consequently, this cymene cannot be the 
product of the decomposition of Wallach’s dibromide. I believe that 
the course of the change is somewhat as follows. On adding bromine 
to pinene, the chief product is not a dibromide but the tetrabromide. 
If the amount of bromine used corresponds to only Br, for CyHis, the 
formation of the tetrabromide leaves half the hydrocarbon unchanged, 
except so far as the incipient decomposition of the tetrabromide 
supplies to the hydrocarbon a little hydrogen bromide, forming the 
monohydrobrcmide. Leaving this out of consideration for the 
moment, the tetrabromide once formed may part with 2 atoms of 
bromine, which will convert a portion of the pinene into Wallach’s 
dibromide, while the framework of the tetrabromide is changed into 
a benzenoid ring in consequence of the rupture of the ethylenic bond ; 
thus: 


Tctrabromide. Intermediate phase. Cymene. 
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Conversion of pinene into camphene results from the prior forma- 
tion of monohydro-chloride or -bromide, 
H,CH:CH-CH; 
C,HCH-CCLCH, 
or position of H and Cl reversed. 
From these formule, one of the following expressions results for 
camphene. 


CH, CHC H-CH; at CHyCH-CH:-CH; 
C,H,;,C—_C—CH, C,;H,;CH:-C—CH 
CHyC—O-CHs “i CHC —CH-CHs 
C;H;CH:CH-CH, C;H;CH:-CH:-CH, 
Camphor and borneol will be derived from one of these four 
formule, and hence also camphoric acid. 
This formula for pinene will also serve as the groundwork for other 
compounds derived immediately from it; for example— 
CHyC(OH)-CH-CH, 
(,H;CH-G(OH)-CH, 
CHr CSO GC H-CH: 
i Oj . 
cH, H-62 6H, 
CH, CH—CH-C H; 
C;H,CH:CO COOH ~ 
The formation of dipentene, that is, limonene, from pinene by the 
action of aqueous acid is doubtless connected with the temporary 
production of the dihydrochloride, or corresponding hydroxy-com- 
pound, and its subsequent decomposition. 


Dihydrochloride ? 


H Cl 
» a Dipentene? 
CHyC-CH-CHs CHyCH-0-CH; 
C,H, CH:C-CH, C,H,;,CH:CH:CH 
J 
H Cl 
T have much pleasure in expressing my thanks to Mr. A. Nicholls 
and Mr. W. Longshaw, students in this College, for their assistance 
in part of this work. 


Sobrerol 
Sobrerone or pinol.... 


Pinonic acid 


Royal College of Science, London. 
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LXVII.—Liberation of Chlorine during the Heating of 
a Mixture of Potassic Chlorate and Manganic 


Peroxide. (Second Note.) 
By Hersert McLeop, F.R.S. 


Ir may be well to recall the circumstances which led to the pub- 
lication of the previous note and those which necessitate the present 
communication. 

In 1889 (Trans., 55, 184), I suggested an explanation of the 
so-called catalytic action which takes place in the preparation of 
oxygen by heating a mixture of potassic chlorate and manganic per- 
oxide, and showed that potassic permanganate is probably first formed 
with evolution of oxygen and chlorine, 2MnO, + 2KC1O, = K,Mn,O, 
+ Cl, + O,, that the permanganate is decomposed by heat, forming 
manganate, manganic peroxide, and oxygen, K,Mn,0, = K,MnQ, + 
MnO, + O,, and that finally the manganate is acted on by chlorine, 
with the production of potassic chloride, manganic peroxide, and 
oxygen, K,MnQ, + Cl, = 2KCl + MnO, + O,. The manganic per- 
oxide is continuously reproduced, and only a very small quantity of 
chlorine nltimately escapes absorption by the manganate. 

In 1893, O. Brunck published a paper on the formation of ozone 
at high temperatures (Ber., 26, 1790), in which he stated that the 
active gas evolved is not chlorine but ozone. I modified my experi- 
ments, passing the gas through an ammoniacal solution of argentic 
nitrate, instead of through a solution of potassic iodide ; on acidifying 
the liquid with nitric acid, argentic chloride was precipitated. The 
residue left, after heating the mixture of potassic chlorate and man- 
ganic peroxide, was found to be slightly alkaline when it was 
extracted with water and mixed with a solution of litmus, and the 
alkalinity was measured by means of a standard solution of oxalic 
acid. These results were published in 1894, in the previous note 
(Trans., 65, 202). 

Dr. Brunck has since replied to these experiments in the Zeitschrift 
fir organische Chemie (1895, 10, 222), that the presence of chlorine 
in the solution was due to potassic chloride mechanically carried over 
and not separated from the gas by its passage through a plug of 
asbestos and a (J-tube filled with dry glass beads, and he gives some 
experiments, showing that it is very difficult to remove this finely 
divided substance from the oxygen. Dr. Armstrong was kind enough 
to suggest a means of separating the solid by collecting the gas in a 
vessel, allowing the solid to settle, and then testing the gas for 
chlorine. In order to carry out this experiment, an apparatus was 
made, of which the following is a description. ’ 
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To the side tube of a distilling flask of about 610 c.c. capacity a 
glass stopcock was sealed. In the neck of the flask a piece of glass 
tube was ground; this tube terminated in a narrower tube passing to 
the bottom of the flask, and above the ground stopper another stop- 
cock was sealed. The ground joint was made air-tight by fusing a 
little paraffin between the surfaces, The flask was then carefully 
exhausted by a good air pump. The mixture of potassic chlorate 
and granular pyrolusite was placed in a test-tube, the quantity of 
chlorate used being less than sufficient to fill the flask with oxygen. 
The test-tube was connected to a (J-tube filled with glass beads, and 
between the test-tube and the (J-tube a manometer about 56 cm. 
long, and containing mercury, was joined. The second limb of the 
U-tube was connected by means of a cork and bent tube to the stop- 
cock ground into the neck of the flask, the joint between the tubes 
being made air-tight by melted paraffin. The mixture in the test- 
tube was heated in the vapour of boiling mercury, and, by carefully 
opening the stopcock, the gas was admitted into the globe as fast as 
it was produced, the pressure within the test-tube being kept as 
nearly as possible the same as the atmospheric pressure, as shown by 
the manometer. When no more gas was evolved, the test-tube was 
allowed to cool, and the stopcock opened for a moment, so as to 
reduce the pressure in the test-tube below that of the atmosphere; 
the cork of the test-tube was then opened, so as to allow air to enter 
and to sweep the gas into the flask. The cork was replaced and the 
stopcock momentarily opened again; the cork was again loosened, 
and this was repeated until the gas in the flask was at the atmo- 
spheric pressure. A beam of converging rays from the sun, or a 
lime-light, was then passed through the flask, and it was seen that 
the gas contained finely divided suspended matter. Dr. Brunck is 
therefore quite right in saying that the (J-tube filled with beads is 
inadequate to remove the suspended potassic chloride from the oxygen. 
After 24 hours, the gas in the flask showed no scattered light when 
the convergent beam was passed through it. After standing for a 
week, the stopcock on the side tube of the distilling flask was con- 
nected by a cork to a (J-tube containing an ammoniacal solution of 
argentic nitrate, and the other limb of the J-tube being connected 
with the air pump, the oxygen from the flask was slowly drawn 
through the solution. As the gas was taken from the top of the 
flask, whereas the flask was filled from the bottom, there was little 
likelizoud of the deposited solid being disturbed. When the flask 
was exhausted, air was admitted into the (J-tube, the apparatus was 
dismounted, and the liquid was poured out. On acidifying with 
nitric acid, a precipitate of argentic chloride was produced. 

In this experiment, 15365 gram of potassic chlorate and 0°1492 
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gram of manganic peroxide (or the chlorate was mixed with 9°71 per 
cent. of the peroxide) were placed in the test-tube, and the quantity 
of argentic chloride was 0°0022 gram, equivalent to 0°000544 gram of 
chlorine, or 0°035 per cent. of the quantity of chlorate used. 

An attempt was made to determine the alkalinity of the residue, 
but this was vitiated by the fact that the original chlorate was very 
slightly alkaline. To endeavour to obtain some neutral potassic 
chlorate, the salt was recrystallised five times in glass, three times in 
porcelain, and twice in platinum, but even then it showed a slight 
alkalinity. In these experiments, as soon as the flask was filled with 
oxygen it was placed in the dark, in order to avoid any action between 
the chlorine and any moisture which might have been present, 
resulting in the formation of hydrochloric acid, some or all of which 
would be absorbed by the water. 

In the second experiment, 1'5373 gram of potassic chlorate and 0°4110 
gram of manganic peroxide (26°73 per cent. of the chlorate) were 
used. The gas was evolved rather rapidly, and there was much sus- 
pended matter in the flask. The loss after heating was 40°78 per 
cent. of the weight of chlorate, or about 1} per cent. more than the 
quantity of oxygen it contained. The alkalinity of the residue was 
determined by extracting with water, filtering, and mixing the liquid 
with 5 c.c. of a solution of litmus. 1°5372 gram of the original chlorate 
was dissolved in water, and the volume of the solution made equal 
to that from the residue and 5 c.c. of the litmus solution added. 
Lastly, 5 c.c. of the litmus solution were diluted to an equal volume, 
and centinormal oxalic acid was added to the first two solutions until 
their colour was the same as that of the dilute litmus. The potassic 
chlorate required 0°69 c.c. of the oxalic acid and the extract from the 
residue 1°91 ¢.c., so the alkalinity of the residue was equivalent to 
1:22 c.c. of centinormal oxalic acid, or to 0°000433 gram of chlorine 
liberated equal to 0°028 per cent. of the chlorate used. After three 
Cays the flask was connected to a series of four |)-tubes, the first 
containing a solution of sodic carbonate, and the interior of the 
second was moistened with some of the same solution, the third (J- 
tube contained a solution of potassic iodide, and the fourth was 
moistened with the same liquid. The pairs of tubes are used to 
prevent loss of the solution during the passage of the gas through 
them ; when the pressure is very low, the large gas bubbles are very 
apt to carry some of the liquids out of the tubes; in case this should 
happen, the liquids are caught by the second tube. On acidifying 
the sodic carbonate with nitric acid and adding argentic nitrate, a 
precipitate of argentic chloride was formed. A blank experiment 
was made with similar quantities of sodic carbonate and nitric acid 
which contained only a mere trace of chloride; after correcting for 
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the impurity, the quantity of argentic chloride was 0°004 gram, equal 
to 0:00099 of chlorine, or 0°0644 per cent. of the chlorate used. The 
solution of potassic iodide was not coloured, and no coloration was 
produced after acidification with hydrochloric acid, and standing for 
an hour in an atmosphere of carbonic anhydride. 

This experiment shows that no ozone was present in the oxygen, 
which was hardly to be expected after the lapse of three days, and it 
also proves that the solution of sodic carbonate entirely absorbed the 
chlorine. 

The third experiment was carried out in the same manner, the 
potassic chlorate being mixed with 10°03 per cent. of its weight of 
manganic peroxide. The flask was allowed to stand two days before 
the gas was pumped out. The chlorine calculated from the alka- 
linity of the residue was 0°0286 per cent. on the chlorate, and that 
obtained from the quantity of the argentic chloride was 0-063 per 
cent. 

In the fourth experiment, the gas was pumped out immediately 
after it had been introduced into the flask. No coloration of the 
solution of potassic iodide was perceptible, showing the absence of 
ozone. The chlorine calculated from the quantity of the argentic 
chloride was 0°0568 per cent. ou the chlorate, so that, although the 
gas still contained suspended particles, either they were deposited in 
the narrow connecting tube, or they did not increase the amount of 
chlorine absorbed by the sodic carbonate.* 

After this experiment the absorption tubes were recharged, and 
some ozonised oxygen was slowly passed through them, the potassic 
iodide was rapidly coloured, proving that even at the ordinary pres- 
sure ozone is not stopped by the solution of sodic carbonate, which 
is still less likely to happen at the reduced pressure under which the 
gas passed through the liquid when it was pumped out from the 
flask. 


* An objection has been raised to this method of testing for ozone in the presence 
of chlorine, it having been suggested that the hypochlorite formed by the action of 
the chlorine on the sodic carbonate might act on the ozone and perhaps destroy it. 
To put this to a trial, a current of oxygen from an ozoniser was passed through a 
U-tube containing solution of sodic hypochlorite, and then through a second tube 
containing po‘assic iodide. The latter solution showed no coloration until the coil 
exciting the ozoniser was started, when the potassic iodide was rapidly coloured. 
After the experiment, the liquid in the first tube was tested, and found still to 
contain hypochlorite. In another experiment, the oxygen passed first through 
chlorine water, then through solution of sodic carbonate, and lastly through potassic 
iodide. The potassic iodide remained colourless, showing that the chlorine was 
entirely fixed by the sodic carbonate; the coil was set in action for a second or two 
at intervals of from 5 to 10 seconds, so as to keep the chlorine in excess, the potassic 
iodide soon showed evidence of the presence of ozone in the gas. 
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In the fifth experiment the gas was pumped out of the flask three 
days after it was prepared. It was passed through the set of U- 
tubes, of which the first contained a solution of potassic iodide, and 
the third a solution of sodic carbonate; a yellow colour was immedi- 
ately produced in the first tube, and practically no coloration was 
seen in the few drops of potassic iodide solution in the second tube. 
On titrating the liberated iodine with a standard solution of sodic 
thiosulphate, 2°94 c.c. were required; 1 c.c. of this solution was 
equivalent to 0°000325 gram of chlorine; the quantity of chlorine 
was, therefore, 0°0009555 gram, which is 00628 per cent. on the 
chlorate used. The sodic carbonate was acidified, and a solution of 
argentic nitrate was added; a very faint turbidity was perceptible, 
doubtless due to the minute quantity of chlorine in the reagents. 

The table on p. 1020 will show at a glance the results of the 
experiments above described. 

It will be seen from the table that there is great irregularity in 
the alkalinity of the residue. This is due to the delicacy of the 
volumetric process, for it is not easy to judge of the identity of the 
colour of the liquids, and the determinations are not of much value. 
They, however, show that the residue is always alkaline, and also 
that the chlorine calculated from the alkalinity is far below that 
determined directly. 

The chlorine obtained from the gas by absorption with sodic 
carbonate and with potassic iodide is remarkably constant, and much 
more regular than in any of the experiments previously published ; 
this is probably due to the fact that the passage of the gas through 
the absorbents was more under control, for when the gas passed 
directly from the test-tube in which it was prepared, it sometimes 
came off so rapidly that in all probability the absorbents were incap- 
able of fixing the whole of it. In the first of the above experiments 
in which ammoniacal argentic nitrate was used as the absorbent, the 
quantity of chlorine is much lower, and it is difficult to account for 
this, unless it was that some of the ammonic chloride was carried 
away with the gas; fumes were seen in both limbs of the (J-tube, 
and some may have been lost. 

Independently of these experiments there is another strong proof 
of the evolution of chlorine in the ordinary preparation of oxygen. 
We are in the habit in this laboratory of making large quantities of 
oxygen by heating potassic chlorate mixed with one-tenth of its 
weight of manganic pcroxide; before passing to the gasholder the 
gas is washed by a solution of sodic bydrate; some finely divided 
peroxide is carried forward into the wash bottle, and after the liquid 
has been used for some time it contains permanganate. Permanga- 
nates are formed when chlorine is passed through solutions of alkali 
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hydrates in the presence of oxides of manganese. I have not suc- 
ceeded in obtaining a coloured liquid by leaving a solution of sodic 
hydrate containing manganic peroxide in contact with ozonised 
oxygen even for days. 

The above experiments seem to leave little doubt that chlorine is 
evolved during the ordinary preparation of oxygen, and, as far as 
they have been carried, there is no evidence of the simultaneous 
formation of ozone. I have no wish to throw any doubt on the 
accuracy of Dr. Brunck’s experiments on the formation of ozone at 
high temperatures, for I am concerned only with the action of heat 
on the mixture of potassic chlorate and manganic peroxide. The 
particular reaction which results in the liberation of chlorine is not 
yet definitely found ; it may be a secondary action between potassic 
chloride and manganic peroxide, for, although these substances when 
mixed do not evolve chlorine when heated to the boiling. point of 
mercury, yet the temperature is probably much higher in the mix- 
ture when the decomposition is going on vigorously. The substance 
remaining in the residue, which gives the alkaline reaction to the 
extract, cannot be said to have been identified. Possibly some 
potassic oxide remains behind as a manganite, which would account 
for the alkalinity representing a smaller quantity of chlorine than 
that actually liberated. 

In the previous note (p. 205) it is pointed out that when the resi- 
due is mixed with water, small bubbles of gas are seen to rise, which 
might be due to oxygen entangled in the porous mass, or to the 
decomposition of potassic peroxide. A Florence flask, in which 100 
grams of commercial potassic chlorate and 10 of manganic peroxide 
had been heated for the preparation of oxygen, was connected with a 
Sprengel pump and exhausted. Recently boiled, and still hot, water 
was then run into the flask; an evolution of gas took place which 
could scarcely have been due to gas entangled in the porous residue. 
This gas was pumped out, and was measured; there were about 
15 c.c.—the gas was almost wholly absorbed by alkaline pyrogallol. I 
hope to be able to trace some relation between the quantity of oxygen 
thus liberated, and the alkalinity of the residue, which may throw 
some light on the cause of the evolution of the gas. 

I must express my thanks to Mr. G. W. Mitchell, one of our 
second year students, who has helped me in some of the above 
experiments. 


Royal Indian Engineering College, 
Oooper’s Hill. 


LXVIII.—The Rotation of Aspartic acid. 
By B. Mervyn C. Marsnatt, A.R.C.S. 


Lanpott (Ber., 1880, 13, 2334) and Becker (Ber., 1881, 14, 1035) 
ascribe to the aspartic acid, obtained from ordinary levo-asparagine, 
a levorotation in aqueous solution. Piutti (Ber., 1886, 19, 1691), 
however, comparing the derivatives of ordinary asparagine and 
dextro-asparagine, found that the ordinary asparagine yielded, on 
boiling with hydrochloric acid, a dextro-aspartic acid, which in its 
turn, when treated with nitrous acid, gave ordinary levo-malic acid ; 
whilst, on the other hand, the dextro-asparagine gave a levo-aspartic 
acid convertible into a dextro-malic acid. 

In the course of an investigation into the conditions of formation 
of the two active chlorosnuecinic acids, I have been led to examine 
aspartic acid, concerning which the foregoing contradictory state- 
ments are on record. My results lead me to support the observations 
of Piutti. Two samples of aspartic acid, prepared from ordinary 
asparagine, and a third commercial sample, presumably from the same 
source, were all dextrorotatory. This dextro-acid also gave the 
ordinary levo-malic acid when treated with nitrous acid. Moreover, 
the solubility of the dextro-acid in water was much less than that 
indicated by Becker’s numbers. In his determinations of the rotation, 
the values of p, the number of grams of acid in 100 grams of solu- 
tion, increase from 1°20] to 2°802, while [a]p increases from —3°87° 
to —471°. This is stated to be at the ordinary temperature. The 
solubility of aspartic acid given by Pasteur is, however, only 1 part 
in 364 parts of water at 11°; and by Guareschi (Jahresber, 1876, 
777) as ° 

1 part in 256-4 parts of water at 10°, 
1 , 2222 , » 20, 


whilst the solubility in my own determination was found to be 1 
part in 236 at 17°, corresponding with a maximum value for p of 
only 0°42 at this temperature. The solubility at 17°, calculated 
from Engel’s formula (Compt. rend., 1888, 106, 1736), is 0°585 gram 
in 100 grams of water. 

In dilute acid and alkaline solutions this dextro-acid gave rota- 
tions similar to those observed by Becker, and also, earlier, by 
Pasteur and Landolt, being dextrorotatory in acid solution and 
leevorotatory in alkaline. 

1. The first sample of aspartic acid was prepared by boiling 
asparagine with dilute hydrochloric acid (Schiff’s method, Ber., 
1884, 17, 2929). The asparagine employed gave [a]p = —4°8U° at 
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18° for c = 2°00, 7 = 50 cm., and «2 = 0°48°. The aspartic acid 
obtained gave the following values for its specific rotation. 


[a |p. e. a. 1. Temp. 
+5°32° 0°3906 0°104° 50 cm. 21:0° 
+501 0°4078 0°102 50 ,, 21°5 
+467 0°4211 0°098 50 ,, 21-0 


The acid was then purified by converting it into the copper salt, 
which, after recrystallisation, was decomposed with sulphuretted 
hydrogen (Hofmeister, 1877, Annalen, 189, 21). The purified acid 
gave the value 

[a]p. c. a. & Temp. 

+6:08° 0°3902 0°119° 50 em. 21°5° 
so that there is a slight rise in the rotation, but its direction still 
remains the same. 

The acid when treated with nitrosyl chloride gave a chlorosuc- 
cinic acid melting at 173—175°, and having a specific rotation [a]p 
= —17°03° at 22°, whence = 4°19. It is the same acid, therefore, as 
is given directly by asparagine, when it is treated in the same way; 
this had a rotatory power [a]p = —19°67° at 19°2° when c = 9°2, 

The aspartic acid treated with nitrous fumes gave ordinary malic 
acid, of which the rotation in acetone was compared with that of a 
konght sample. The following values were obtained. 


[a]p. e. Temp. 
Acid obtained from aspartic acid... —4 76° 2°93 22-0° 
Bought sample of malic acid 2°93 19°5 


2. The second sample of acid was prepared by boiling asparagine 
with dilute caustic soda instead of acid. 

The asparagine employed gave the rotation [@]p = —4°56° at 17°; 
c= 194, 1= 50 cm. and « = 0°44°; whilst the aspartic acid 
obtained from it gave the value 

[a]p = +4°87°; c = 0°406; a = 0:099°; temp. 22°5°. 

3. The third sample bought from Kahlbaum gave 

[a]p = +474°; c = 0°408; a = 0-097; temp. 21°. 


Rotation in Acid Solution.—A solution of the second sample of 
aspartic acid was made in dilute hydrochloric acid, the following 
being the molecular proportions. 


Aspartic acid. Hydrochloric acid. Water. 
1 mol. 13°1 mols. 198°6 mols. 


For this solution, [2]p = +25°3° at 24°, Becker (Ber., 1881, 14, 
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1039) obtained the value [a]p = + 33°53 for a solution of the pro- 


portions 


Aspartic acid. Hydrochloric acid. Water. 
1 mol. 12°5 mols. 151°8 mols. 


Rotation in Alkaline Solution.—¥or this measurement, a portion of 
sample 1 was dissolved in dilute ammonia. The molecular propor- 
tions of the solution were 


Aspartic acid. NH;. - Water. 
1 mol. 2°18 mols. 315 mols. 


This gave [a]p = —10°39° at 195°; whilst Becker obtained the 


values 


Aspartic acid. NA. Water. [a]p at 20°. 
1 mol. 1 mol. 302 mols. —917° 
oo 3 mols. 302 ,, —9°39 


All measurements of rotation were made by means of a Laurent 
half-shade polarimeter, using a 50-cm. tube. 

My best thanks are due to Professor Tilden for advice and assist- 
ance. 


Royal College of Science, 
London. 
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Section I.—Intropvuction. 


THe original object of this communication was the study of the 
magnetic rotation of substances belonging to the aromatic series, and 
was intended as a sequence to that on the fatty compounds presented 
to the Society in 1884; the work, in fact, having been in progress 
ever since the completion of that paper, now more than 11 years. 
The results obtained in the examination of compounds of the 
aromatic series gradually accumulated, and it was in contemplation 
to bring them before the Society from time to time. On carefully 
comparing the rotation of these compounds, however, it was found 
that there were anomalies which made it undesirable to publish the 
work until more complete data had been collected by the measure- 
ment of a larger number of substances allied to one another. More- 
over, it was found that some of the peculiarities of aromatic com- 
pounds also occurred in the fatty series, although, as they were less 
marked they had not previously been fully recognised. It was ulti- 
mately decided, therefore, that it would be better to wait until the 
various points which presented themselves at different times had 
been, to some extent, studied, and then not to confine the paper to 
the discussion of the rotations of aromatic compounds only, but to 
include other information in reference to magnetic rotations which 
had been acquired since the communication published in 1884. 
Although the following account of the work done and the results 
obtained is still not so complete as could be wished, it is, at all 
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events, likely to be useful, and to indicate fresh starting points for 
future investigation. 


Apparatus. 


The apparatus used in the following determinations is of the same 
form as that described in 1884, the substance to be examined by 
polarised light being contained ina tube with parallel glass ends 
placed in the magnetic field between the two pierced pole pieces of a 
large electromagnet. 

The electromagnet is the same as that described in the paper just 
referred to, but the optical arrangements are all new, and represented 
in Figs. 1 and 2.* In the old apparatus, the polariser and analyser 


Fia. 1. 


were on two separate supports, and as this arrangement was imperfect 
on account of the danger there was of shifting taking place, it was 
thought best to have these two parts of the apparatus firmly con- 
nected. This is accomplished by placing them on two pillars which 
slide on an accurately planed triangular bar, or bed, 76 cm. 


* This apparatus was made by Hilger. 
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(2 ft. 9in.) long, A, Fig. 1, supported on strong feet, provided with 
levelling screws, B, B; they can thus be shifted backwards or forwards 
as may be required, and then securely clamped by the screws, C, C. 
The foot of the column supporting the polariser is connected with a 
strong horizontal piece of brass, D, which connect3 it with the clamp- 
ing arrangement, in case it might be found desirable to place the 
polariser at a greater distance from the analyser than the triangular 
bar would permit, as, for instance, if the apparatus had to be used in 
connection with a coil; by this means, the distance between the 
polariser and analyser can be extended to about 61 em., or 2 ft. 

The polariser can be raised or lowered, as it is fixed on a tube sliding 
within the column E; this also allows of its being moved on its centre. 
It is fixed in its place by means of the screw F. 

The analyser can also be raised or lowered, or turned on its centre 
in thesame manner as the polariser, but it is, moreover, provided with 
special screws G, G, so that these adjustments may be made very 
accurately, and then the position firmly fixed. The head of this 
sliding tube, which carries the divided circle as well as the analysing 
prism, is so constructed that it can be moved to some extent in any 
direction, and then fixed firmly by screws. These arrangements are 
seen at H. No iron was used in the construction of this apparatus, 
though probably this is not a very important point. 

The circle is 40°5 cm. (16 in.) in diameter, and is provided with an 
edge made of white metal (platinite) on which the divisions are 
marked. The divisions are the ]/12th of a degree ; this scale gives, 
with a vernier of a comb shape, which is placed in the eye-piece of the 
highly magnifying telescope I, Fig. 2, the 1/120th of a degree, or 
30 seconds of arc. The scale is reflected into the telescope by means 
of a right angled prism, and illuminated by means of a small gas jet 
in a brass lantern. As all the determinations I have hitherto made 
have been relative to the rotations of water, and only a small part 
of the circle has, therefore, been used, a double vernier has not been 
required. It has also been found experimentally that the relative 
rotations measured with the polarising prism and circle at the two 
positions 180° apart give practically the same results. J is a clamp 
to fix the circle when roughly adjusted by hand, and K is a double 
threaded screw for the fine adjustment. At first, a single threaded 
screw was employed, but it was found to give too slow a motion for 
the eye to readily discern the changes in the shadow. 

The position of the analysing prism is adjusted by the tangent 
screw M, Fig. 2. 

In my original apparatus, the arrangement for producing the half 
shadow was next to the polariser, but it was found that when work- 
ing with substances liable to form convection currents a great deal of 
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time was wasted in waiting until these disappeared and a good image 
was obtained, notwithstanding the temperature was practically con- 
stant ; it was, therefore, decided to have it placed next to the analyser, 


Fia. 2. 


so that any slight convection currents would not affect the image; 
this has been found a great advantage, especially when the substances 
under examination are heated nearly to the temperature of boiling 
water, as it is then less easy to maintain a perfectly constant tempera- 
ture for a considerable time than under ordinary circumstances, more- 
over, it is undesirable, in many cases, to keep substances heated for a 
long time before measurement, as they are liable to become coloured, 
or other changes may take place. Of course it is not advisable, if 
it can be avoided, to take readings when much convection is occur- 
ring; provision was also made so that the half shadow arrangement 
could be used next 'to the polariser if desired. 

Instead of using the ordinary half quartz plate, the arrangement 
described by Professor Poynting (Proc. Phys. Soc., 1881, 4,19) has 
been employed, consisting of a glass cell, part of which is occupied 
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with a piece of glass, and the rest with a strong solution of sugar, as 
it was thought to give a more uniform field. The cell used, which was 
circular, as it had to revolve with the analyser, was made of a 
piece of glass tubing 9 mm. long, having the ends covered with two 
discs of parallel glass. The glass which is introduced into this cell is 
only about 7 mm. thick,so that the sugar solution passes over its two 
side surfaces, and in this way a fine dividing line is obtained, provided 
the optical adjustments are good. A section of this cell is seen in 
Fig. 3, A. The piece of glass occupying the half of the cell should be 
perfectly homogeneous, otherwise strise will be seen with polarised 
light; plate glass, however, may be used, provided its ordinary sur- 
face be opposite the eye, and not the edge. This piece of glass has to 
be very carefully prepared, «3 the edges must be perfectly sharp and free 


Fig. 3. 


from any roughness; it is fixed in position in the cell with Canada 
balsam. The sugar solution used contained 50 per cent. of sugar; when 
filling the cell, care must be taken to remove any small air bubbles from 
the surface of the glass, as these often adhere to it, but a movable larger 
one is not of importance, and is sure to form after atime. Lippich, 
who produces the shadow by means of a polarising prism, has, of late, 
found it advantageous to use two prisms, so as to give two shadows, 
one on each side of the field; I have copied this by having two pieces 
of glass in the sugar cell instead of one, B, Fig. 3, and this appears 
to be an advantage. An analogous effect may be obtained by simply 
using a narrow piece of glass across the centre; in Fig. 3, A’, B, C 
represent the front views of the different arrangements used. The 
small circle in the centre of each shows the size of the field employed 
in relation to the size of the cell. The cross lines dividing the field into 
bands.are to assist the eye in making the measurements always on the 
same part of the cell, because, as in all other arrangements of a similar 
nature experimented with, the field is not perfectly uniform (see Trans., 
1884, 45, 435). Of these cells, the one marked C seems to be the most 
pleasant to work with, the only disadvantage being that when an air 
bubble forms it is liable to rise up between the two pieces of glass and 
remain wedged in the narrowest part; this, however, only occurs if 
the circle is reversed, and even then there is plenty of field free for 
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reading. By having the two sides of the field of a uniform character, 
as happens when employing the cell arranged as in B or OC, the 
eye is prevented from resting too much on one or other of its sides, 
as occurs in the half shadow form, especially if there is a slight 
difference in their colour. It seems likely that instead of using two 
polarising prisms, as in Lippich’s arrangement, a thin one placed 
across the centre of the field might be employed. This arrangement 
is being tried. 

The glass sugar cells are fitted into small holders at L and L’, 
Fig. 1. 

The monochromatic light employed has been produced by the method 
previously described, namely, burning a mixture of hydrogen and 
sodium vapour, and is then purified by passing it first through a solution 
of copper sulphate and afterwards through a dilute solution of eosin ; 
the latter is preferable to potassium dichromate solution, as it cuts off 
the green rays better. This light can be intensified very considerably 
by causing oxygen to impinge on the flame, and this is sometimes a 
useful artifice to adopt when the substance under examination is 
coloured slightly brown or orange; in fact, in all cases where it is 
difficult to get sufficient light to pass through the substance when 
using the ordinary monochromatic light. When using oxygen, it is 
necessary to make sure that the liquid is well screened from the more 
refrangible rays the light then contains, although if the substance to 
be examined is of an orange or brownish tint, there is no danger of 
this; in fact, if it is so deep coloured as to make it very difficult to 
take readings, it is an advantage to remove the eosin screen and rely 
on the colour of the liquid to act in its stead. 

If the rotation of the substances is large, this sodium light is 
found not to be so thoroughly monochromatic as could be wished, 
even when the amount of eosin and copper sulphate solution is 
largely increased; this is probably rendered more apparent than 
usual, owing to the low angle of the shadow arrangement I 
prefer to work with. No doubt it would be a great advantage to 
purify the light with a prism if sufficient intensity could be obtained. 
I have not used the light advocated by Messrs. Rodger and Watson 
with my apparatus as yet, but the drawback to it is that it is appa- 
rently a costly light, not only on account of the amount of hydrogen 
it consumes, but because the spray used can only be obtained while 
the pressure of the gas is very high; on this account only about half 
of the gas in the cylinder can be used for the production of this light. 
When the light is not perfectly monochromatic, more judgment has 
to be exercised in the observations than when it is pure, for it then 
becomes a matter of judging of the similarity of intensity of shades 
differing slightly in colour, although by repeating the measurements on 
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different occasions, any error due to this source is, no doubt, elimi- 
nated. 

In my previous paper it was mentioned that each of the pole pieces 
was made conical at one end because it was expected that by using 
them with these ends opposed to each other, a more concentrated 
field would be obtained, and measurements would be larger; on 
trying this experimentally, however, it was found that the readings 
were actually smaller than when the square ends were opposed to 
each other (Trans., 1884,45,430). As some doubt seemed to arise as 
to the cause of this, I had the curiosity to examine, by means of iron 
filings, the direction the lines of force took under both circumstances. 
To do this, pieces of cardboard, thoroughly saturated with paraffin, 
were fitted centrally between and partially around the pole pieces ; and 
after being dusted with iron filings the battery was connected with 
the electromagnet, and the cardboard warmed by a spirit lamp until 
the paraffin had melted; it was then allowed to cool, and when the 
filings had become firmly fixed the battery was disconnected. The 
diagrams thus obtained are represented in Fig. 4, taken from a photo- 

graph. It will be 
seen from these that 
the lines of force 
from the conical 
ends are nearly all 
curved, whilst those 
from the square ends 
are all straight, or 
nearly so, in the cen- 
tral part of the field, 
becoming a little 
curved near the out- 
side edges of the 
pole pieces. This 
clearly shows why 
the flat ends were 
found experiment- 
ally to form the best 
field. 

In the old appara- 
tus, the measuring 
tube containing the 

substance under examination was supported on a little wooden car- 
riage passing between the pole pieces, and no means existed for regu- 
lating the temperature other than that of the atmosphere of the room, 
which was more or less fluctuating. A thick cast copper cell, Fig. 5, 
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is now used, 204 mm. long, and thus just the size to pass between 
the pole pieces, usually placed 205 mm. apart. In the walls 
and bottom of this cell, which are about 15 mm. thick, holes 
about 7 mm. (4 of an inch 
full) were drilled, and so 
arranged that water can cir- 
culate through them, passing 
in at A, and flowing out at B. 
The two ends of the cell are 
also of copper about 4 mm. 
thick, and provided with cir- 
cular apertures a little larger 
than the diameter of the 
measuring tubes, so that the 
latter may easily be placed 
in the cell with their two 
ends slightly projecting 
through these holes. This 
cell is provided with level- 
ling screws, by means of 
which the position of the 
measuring tubes can be easily 
adjusted in relation to the 
perforations in the pole pieces. 

Trouble used to be experienced by the two iron cylinders of the 
electromagnet becoming heated by the current, and by conduction 
raising the temperature of the pole pieces, and these again influencing 
the temperature of the substance in the measuring tube; and although 
this inconvenience was obviated to some extent by placing on the 
pole pieces copper vessels through which water circulated, the result 
was not very satisfactory. Channels similar to those in the copper 
cell just described were, therefore, also drilled in the pole pieces, 
and water made to circulate through them; this, however, was not quite 
sufficient, and eventually channels were also drilled in the cylinders of 
the magnet itself, and thus by passing a current of water through 
the copper cell, the pole pieces, and then through the cylinders of 
the magnet, a uniform temperature could be maintained. This 
arrangement of channels or water-ways is shown in Fig. 6, which 
gives a section of the electromagnet showing these, and Fig. 7, which 
gives a perpendicular section of the pole pieces and cell, the latter 
with its three sides, A, B, C, laid out to more clearly show the course 
of the channels. 

Originally, when determining rotations a little above the atmo- 
spheric temperature, the atmosphere of the room used to be heated 
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by means of a gas stove; this, however, was not only a slow and 
troublesome method, but it did not allow of large variations of 
temperature being employed; moreover, when studying the aromatic 
compounds, it was found necessary, in many cases, to employ tem- 
peratures nearly up to the boiling point of water in order to get the 
desired comparisons, because certain sets of substances such as ortho-, 
meta-, and para-derivatives, could not otherwise all be obtained in the 
liquid state. This is especially the case with para-compounds, which are 
so frequently solid at the ordinary temperature, and therefore have to 
be fused in order to examine them; moreover, for the purposes of 
investigating these substances it was absolutely necessary to be able 
to make measurements at temperatures wide apart. With the 
system of channels above described, this could be accomplished 
by allowing water of different temperatures to circulate through 
them ; as the specific heat of water is so much greater than that of 
metals, the amount of water passing through the channels is sufficient 
to raise and maintain the cell and pole pieces nearly at 100° when 
boiling water is used, and, consequently, also to heat the iron 
cylinders sufficiently to prevent them from absorbing any large 
amount of heat from the pole pieces. A few additional degrees of 
heat may also be obtained by allowing the flame of a Bunsen burner 
to play on the side of the copper cell whilst the boiling water is 
circulating ; in this case a small copper shield, C, Fig. 5, is screwed 
on the front of the cell to prevent the flame from burning the vulcanised 
tubing with which the copper tubes conveying the hot water are 
covered to avoid loss of heat by radiation. It may here be mentioned 
that all the water tubes connecting the water channels were covered 
in this manner. 

To maintain the apparatus at a practically even temperature, 
it is obviously necessary that the temperature of the water cir- 
culating through the channels should also be kept constant, and 
a good supply provided; for this to be continuous it must be 
heated as it flows from the main or tank. For this purpose 
a regulating valve is required, such that when once regulated, the 
amount of water passing will not vary. In constructing it, all 
leather or elastic seatings must be avoided, and the valve surfaces be 
metal to metal, because, compressible substances do not regain their 
original condition at once, when the pressure is removed, and, there- 
fore, if used for a valve of this kind, would not give a regular 
delivery of water. A valve similar to that used on compressed gas 
cylinders, but rather larger, has been found to answer the purpose 
very well. The gas supply for heating the water must also pass 
through a regulator. The arrangement for the supply of water at 
different temperatures is represented in Fig. 8; A, is the water valve, 
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from which the water passes through one of Fletcher’s water heaters, 
consisting of a coil of small copper tubing, B, heated by a powerful 
air gas burner, C; from the heater, the water passes into the small 
three-necked copper vessel D, and thence into the large copper reser- 
voir E. When passing through the small three-necked vessel, the 


Fie. 8. 


temperature of the supply is indicated by the thermometer F, and 
that in the large one by the thermometer G; this large reservoir is well 
covered with flannel, and a small burner, H, is also placed ander it to 
keep it up to boiling when such a high temperature is required. 
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When preparing the apparatus for use at temperatures above the 
ordinary, say at about 50°, and assuming the reservoir to be partially 
filled with cold water, water near the boiling point is passed into it 
from the copper coil until the thermometer G indicates about 50°; 
the gas is then turned down until the thermometer F, in the three- 
necked vessel also indicates 50°, when the supply after a little more 
adjustment can be kept sufficiently regular for measurements to be 
made. When using high temperatures, the water is usually allowed 
to pass directly to the copper cell, &c., from the stopcocks I and J, but 
when temperatures about 30° or below are employed, the stopcock, J, 
is closed, and K and L opened; by doing this, the water circulates 
through a small water oven, M, before it passes on to the copper cell, &c. 
The object of this water oven is, that tubes filled with the substances 
to be examined, may be placed in it, so that when they are required, 
they may be of the same temperature as the copper cell into which 
they are to be transferred for examination; time is thus econo- 
mised, This apparatus for supplying water at different temperatures 
is also employed in connection with the arrangements used for 
refraction determinations, the water being supplied from the stop- 
cock N. 

The tubes in which the measurements are made are of the same 
kind as those previously described, a considerable number being em- 
ployed ; their ends are very carefully ground perfectly parallel to 
each other, and they are also made of exactly the same length. 
Instead of closing the ends with thin microscope glass, as formerly, 
discs made of plane parallel glass about 1°23 mm. in thickness are 
used. These were all cut out of one piece of glass, so that their 
thickness might be exactly the same, and their influence on the rota- 
tion measurements identical; by using these ends, a better optical 
field is obtained than when microscope glass is employed. These 
ends are fastened to the measuring tubes by means of a preparation 
of glue for oily liquids, and with amber or other oil varnish and 
red lead well ground together, for aqueous solutions ; tubes with ends 
cemented on with the latter mixture should be kept a week or longer 
before being used. Silicate of soda has been proposed as a cement; 
but as both the tubes and ends are valuable, and require to be often 
separated to be thoroughly cleaned and the ends rendered bright, it 
is not suitable for the kind of measuring tubes described above. 

When employing temperatures approaching that of boiling water, 
the glue cement is liable to become brittle, and that made with var- 
nish soft, especially if recently used, and the glasses therefore are 
liable to come off if at all roughly handled; this is, of course, 
serious when the tubes are filled with valuable materials. To protect 
the ends, and also to prevent them coming off under such circom- 
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stances, an arrangement shown in Fig. 9 is employed. It consists of 

two thin brass caps which fit over the ends of the measuring tube, 

and are perforated so as not 

#16. 9. to interfere with the light 

which has to pass through 

the tube; these are held to- 

gether by means of two small 

J screw rods, springs being 

\ ! 2) placed behind the heads of 

=m; r the screws so as to neutralise 

the effect of the expansion of 

the metal by heat; by using this arrangement, it has been found 
that the glass ends very rarely come off or leak. 

Before making measurements, the corrections for the glass ends of 
the tubes, aud for the effect of the magnetic radiation on the optical 
parts, have to be determined; these corrections are treated as one, 
and can be determined together. That for the glass ends is a + 
quantity, and that for the optical parts a — quantity, so that these 
neutralise each other to a great extent, and only change when any 
alteration is made in the position of the polarising prisms or other 
optical parts. In order to determine this double correction, al] that 
is necessary is to place an empty tube in the copper cell and ascer- 
tain the rotation when the current is used in opposite directions; in 
my experiments this has varied from about —2’ to —4’. Being a 
minus quantity, it has to be added to each rotation determination, 
but, of course, if changes in the arrangement be made so that it 
becomes a + quantity, it would have to be subtracted from each 
rotation. 

Hitherto, before commencing work, I have almost invariably de- 
termined the above correction, and also standardised the apparatus 
by measuring the rotation of water, lest any shifting of the pole 
pieces or other changes should have taken place since the apparatus 
was last used; this was useful, because any errors made on one 
occasion would be corrected on the next and not repeated. By 
using a battery power of 22 ainpéres, the double rotation of water 
amounts to about 5° 40’. For standardising purposes, water 
possesses several advantages, notwithstanding that its rotation is not 
large its expansion is very small, especially at ordinary tem- 
peratures ; it can always be obtained of the same purity; it does 
not show convection currents with slight changes of temperature ; 
and, lastly, it furnishes a very clear field in the polariscope. The 
advantage to be derived from the larger rotation of other substances 
which might be used as standards, is usually counterbalanced by some 
disadvantage. 
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Of late, fresh experiments have been made on the determination of 
rotations at temperatures above the ordinary by heating the copper- 
cell alone and keeping the pole pieces and magnet cold; this has 
been done by interposing a layer of non-conducting material between 
the pole pieces and copper cell, so as to stop the loss of heat due to 
conduction, The advantage of this is that time is saved, the cell 
being more quickly heated than the whole apparatus; on the other 
hand, owing to the thickness of the non-conducting material, the pole 
pieces are a little further apart, and this reduces the rotation slightly, 
although not seriously ; moreover, if the non-conducting material is 
inefficient, the temperature of the substance near the ends of the 
tube is liable to be slightly different from what it is in the middle; 
so far, however, as experiments have been made, these possible 
sources of error do not appear to have any practical effects on the 
results. 

The electric current has been derived, as in the earlier work, from 
Grove cells (Trans., 1884, 45, 423), 28 of them, with platinum 20 x 
10 cm., being used, arranged in two series coupled together. A constant 
curreut has also been employed, being maintained by the use of the 
arrangement with a varying resistance previously described (Trans., 
1884, 45, 441). This apparatus works very satisfactorily if the 
platinum wires and contacts are properly amalgamated with sodium 
amalgam each day before it is used. It has been found that the 
platinum wires do not become brittle by amalgamation, those now in 
use having been employed for about 11 years, and they are still in 
good condition. 

The galvanometer used is influenced by the entire battery current. 
It consists of very thick copper wire making three turns of a circle 
about 50 cm. in diameter. The small magnet and mirror are 
suspended by two cocoon threads spread out so as to control the 
amount of the deflection. This arrangement is shown in Fig. 10, the 
four screws A, A, B, B being used for the adjustment of the suspend- 
ing cocoon filaments ; the latter are first attached to the two back 
screws, B, B, on which they can be wound so as to raise the mirror and 
magnet to the desired height, and they also pass over grooves at the 
ends of the two front screws, A, A, so that by turning these the threads 
may be drawn apart, or made to approach each other; in this way 
the swing can be adjusted according to the current used. The mirror 
is flat and illuminated with light from a slit by means of a convex 
lens, the image of the latter being thrown on a screen; this screen is 
2 metres long, and the deflection produced by a variation of current 
producing an alteration of 1’ in the magnetic rotation of water is about 
15mm. The magnet is suspended from the mirror by a thin plati- 
num wire, and hangs in the little cylindrical vessel, C, which is filled 
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with bromonaphthalene; this acts as a paddle, and produces a 
very rapid dead heat. The vessel C is provided with a lid having a 


slit in it so that it may be easily placed in position after the magnet 
and mirror have been adjusted. The apparatus, protected from dust 
and draughts by means of a case provided with a glass front, is 
placed on a stand in the centre of the 50-cm. circle of copper 
wire. 

Before leaving this subject of the apparatus used for the measure- 
ment of magnetic rotations, it is worth while to consider whether 
the above is the most suitable arrangement or whether it is better to 
employ a long coil of wire in place of the electro-magnet; no doubt, 
for some special purposes, the coil has certain advantages; for ex- 
ample, the apparatus used by Messrs. Rodger and Watson is specially 
useful for the determination of absolute values, because the value of 
the magnetic field is known; it is also particularly suitable for the 
very accurate measurement of temperature differences of some classes 
of substances ; moreover, it gives large rotations with a comparatively 
small electric current. For general work, however, such as that con- 
nected with this paper, it has many drawbacks; first, the great length 
of the tube containing the substances to be measured, which in the 
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apparatus just referred to is 62 cm., not only necessitates the use of 
a considerable amount of substance, but the latter must be absolutely 
bright and colourless, or of only a very pale and pure yellow colour, 
otherwise sufficient light will not pass to allow of readings being 
taken. It is remarkable what a very slight amount of colour, even 
with the short tubes employed in my apparatus (102 mm.), renders 
readings almost impossible; in fact, a substance which appears only very 
slightly coloured when in a bottle; appears very deep coloured when 
seen in a tube of the length just mentioned. The aromatic amines 
are in many cases difficult to obtain free from colour, and if heated 
for some time in the measuring tubes, as they are in the determination 
of temperature differences, they soon become coloured. Some phenols, 
and many other substances, especially nitro-compounds, it would 
be impossible to measure in a long tube, and it would also be a 
matter of great difficulty to determine the rotation of fused sub- 
stances in the long tube necessitated by the coil arrangement, 
especially if the fusing point was at all high. This apparatus, 
moreover, appears to require a very intense light. For general 
work, therefore, the electro-magnet is more useful than the long coil, 
and the absolute measurements of water having been once accurately 
determined by means of the coil, it is easy to calculate that of all 
other substances which have been measured relatively to water. 

With respect to absolute measurements, no doubt they are of 
great value to physicists, but, from a chemical point of view, it does 
not at present appear that they will be of any special importance, 
the interest connected with the magnetic rotation of substances being 
chiefly in their relationships to each other. Magnetic rotations of 
the elements, so far as can be gathered from the present data, do not 
appear to be related to their atomic weights, and, moreover, if it were 
so, very few of those which could be used as standards of comparison 
are capable of measurement in the free state. Water, on the other 
hand, which has the smallest molecular weight and molecular rotation 
of any liquid substance known, and can easily be obtained pure, 
appears to be the most suitable unit of reference, at any rate, in the 
present state of our knowledge. 

It'is of interest to notice that the measurements made with the 
coil and electromagnet agree very closely, showing that both forms 
of apparatus give the same results. 


Boiling Points. 


When taking the boiling points of compounds referred to in this 
paper, especially of those of the aromatic series, which are usually 
high and often very high, the entire column of the mercury has been 
exposed to the vapour, as is now so frequently the practice. In these 
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determinations, the top of the column was kept a little below the 
delivery tube, so as to be thoroughly heated ; this necessitates the use 
of a distilling flask with a rather long neck. This method has, in all 
cases been adopted, because the usual correction for that part of the 
mercury column which is not heated, as in the ordinary way of con- 
ducting distillations, was not thought to be sufficiently accurate, 
especially when the temperature is high; for, if the centre of the 
cork is taken as the point from which the outside column is measured, 
it assumes that the portion of the column below the cork is at the 
temperature of the vapour of the liquid, a condition which only exists 
when the distillation is carried on very rapidly, and this is usually 
very undesirable. 

If the thermometer has a partial vacuum in it, the mercury in the 
column distils up into the capillary tube when it is heated above 
200°; to avoid this, it is advisable to keep the thermometer drawn up, 
so that the column is just within the cork, and then to lower it for a 
few moments, now and then; and as soon as it has become well heated 
by the vapour to take the readings. It is, however, far preferable to 
use thermometers filled with nitrogen, as, in these, distillation of the 
mercury does not take place. 

The liquid produced by the vapour which condenses on the cork 
becomes coloured at times, and, in the ordinary way of distilling, some 
of it passes into the delivery tube as it rans down, and stains the 
distillate. This is very undesirable in the case of liquids required for 
magnetic rotations, which must be as free from colour as possible. 
The delivery tubes of the distilling flasks now used are therefore 
arranged as in Fig. 11, so that none of the 
liquid which condenses in the neck can get 
into the delivery tube. 

After taking the boiling point of substances, 
it has been my practice in most cases to im- 
mediately take that of some other well-known 
substance, boiling at nearly the same tempe- 
rature, using the same thermometer under the 
same conditions. In this way the correction 
required for this standard substance, due to 
the barometric pressure and error of the ther- 
mometer employed, is found; this correction 
is then applied to the observed boiling point 
of the substance under examination. If the 
two substances vary much in boiling point, a 
farther correction is made for this difference. The substances gener- 
ally used for comparison were, water, 100°, aniline, 184°, naphthalene, 
218°, and benzophenone, 306°. 


Fria, 11. 


ESPECIALLY OF AROMATIC COMPOUNDS. 1043 


At high temperatures, it cannot be expected that the boiling points 
will be comparable in accuracy with those obtainable for substances 
boiling at comparatively low temperatures, and, in fact, there is 
little doubt that the majority of aromatic compounds of high boiling 
point undergo decomposition to a small extent if kept in a state of 
ebullition for any great length of time; it is evident, therefore, that, 
in taking boiling points of substances like these, under the ordinary 
pressure, it is undesirable to be long over the operation or to use too 
much substance. 

As all the boiling points given are comparable, it has been thought 
worth while to make a Jist of them, side by side with some of those 
given for the same substances in Beilstein’s Organische Chemie (2nd 
and 3rd editions). 

A considerable number of substances had their boiling points taken 
under reduced pressure, and in these cases also the whole mercury 
column was kept in the vapour. 


Determinations of Densities. 


For these determinations, the modified Sprengel tube, previously 
described, was used (Trans., 1884, 444), but slightly altered in shape, 
one arm of the (J-tube being made a little shorter than the other, as 
seen in Fig. 12. The advantage of this is that when adjusting the 
level of the liquid, with which 
it is filled when in use, to the 
marked position on the capil- 
lary tube by tilting it, there is 
no fear of the top of the (J -tube 
being brought above the sur- 
face of the water bath in which 
it is immersed. In making 
these tubes, it is desirable to 
use glass as thin as is consist- 
ent with rigidity, but it must 
not be so thin that any elasti- 
city is shown in the ()-tube 
under ordinary usage, because, 
if bent out of shape, its capa- 
city will slightly alter. 

The capacity of these tubes 
was usually determined with 
water at 4°, one advantage 
being that at this temperature 
the weight of water contained in a glass vessel varies very little on 
the plus side of this, even with a change of several degrees, being 
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practically the same at 7°5° as it is at 4°, so that the weight of a tube 
of 10 c.c. capacity filled to the mark with water would not differ 
at any point between these two temperatures by more than about 
0:00015 gram. 

The density tubes generally used contained from about 7 to 10 c.c. 
It has been found quite indispensable to have a bulb on one of the 
capillaries of these tubes, but it may be objected that, should this 
bulb become moistened with the substance under examination, and if 
no precautions be taken to remove it before the final adjustment is 
made, a small error might be introduced. Experiments were there- 
fore made in order to ascertain what the probable extent of this error 
would be ; for this purpose, two bulbs, similar to those on the density 
tubes, were employed, one of which contained 0°48 c.c., which would be 
rather large for a tube holding 10 c.c.; the capacity of the other was 
0°16 c.c. As the amount of liquid which would adhere to the walls 
of these bulbs would vary, of course, with its physical character, 
the effect of different kinds of liquids was tried. The liquids used 
were pseudocumene, ethylic phthalate, bromobenzene, and ethylic 
iodide; as is well known, ethylic phthalate is rather a thick fluid. 
The temperature was about 8°. 

The weighed bulbs were in some cases filled with the liquid, and in 
others only half filled (in practice the latter is rather more than 
would be likely to flow into the bulb); they were then allowed to 
drain for definite lengths of time and reweighed, the difference of 
the two weighings giving the amount of substance remaining in the 
bulbs. Without giving all the details, the following table will furnish 
the results obtained for the bulbs when half their surfaces were 
wetted, and the influence the amount of liquids retained would have 
on the densities, assuming the tubes to contain 10 c.c. 


1. Bulb containing 0°48 c.c. 


Density, Time of draining Effect on 
Substance. 15°/15°, in minutes. density. 


Pseudocumene 0:00006 
0:00004. 

Ethylic phthalate ., 1°1268 0°00034 
0:00015 

Bromobenzene..... 1°4991 0°00007 
0°00004, 
Ethylic iodide ..... 1°9492 0°00005 
0:09003 


2. Bulb containing 0°16 c.c. 


Ethylic phthalate... 1°1268 3 0°00011 
Lhour 0:00007 
.Bromobenzene,.... 1°4991 1 minute 0°00001 
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From these results, it is seen that the amount of liquid left on the 
walls of the bulbs which have been half filled and then allowed to 
drain for only one minute affects the density so little, except in the 
case of ethylic phthalate, that, for most purposes, the error may be 
ignored, whilst, even in the case of ethylic phthalate, it becomes very 
small if the draining is allowed to go on for three minutes. The 
small quantity on the walls of the bulbs can, however, be removed 
after the liquid in the density tube has been roughly adjusted, by 
heating it carefully; this causes most of it to ran down, and vola- 
tilises the rest; after this the final adjustment can be made. 
I have not, however, usually done this except in the case of viscous 
liquids, but have always made it a practice to approximately adjust 
the liquid in the tubes after they have been in the water bath a few 
minutes, and then allow plenty of time for the bulbs to drain well 
before making the final adjustment. The results are always calcu- 
lated to the fifth place, but are only given to the nearest number in 
the fourth, as this usually only affects the third place of the molecular 
rotations, which is not of much importance. 

When determining the densities of substances, those of mixtures 
and solutions excepted, they have been generally taken at three 
or more temperatures, usually at 4°, 15°, and 25°, often also at 20°. 
The results have then been plotted out, and a curve drawn to 
the points, so that the density at any temperature within the 
limits of the determinations could be easily picked out when 
required. This method of plotting out the results is very useful, 
as it draws attention to any important errors, if they exist, either 
in the determinations or the calculations, as the curve would then 
be of an abnormal shape. In many cases the determinations have 
been made at a large number of different temperatures, nearly up 
to the boiling point of water; these results have likewise been 
plotted out and formed into curves. In a few cases, these long series 
of densities have been determined with the intention of studying 
some point connected with the rotations, and. as, subsequently, this 
has not been deemed necessary, they were not required for this paper. 
All the densities were, however, made with much care, and with 
substances over which much time and trouble had been expended in 
order to get them as nearly pure as possible, and they have been 
given, as it was thought they might be useful to other experimenters. 
There is no doubt, however, that where very great accuracy is 
required in researches in which the densities take part in the calcu- 
lations, that it is desirable that they should be determined with the 
actual specimens of the substances to be used ; for very few products 
are really quite pure, and it often happens that the effect on the 
density of small amounts of impurity causes their influence on other 
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properties to be neutralised, or nearly so, the results obtained being 
much nearer the truth than if the densities obtained by the examina- 
tion of other specimens were employed. 

For the purposes of this investigation, the densities of liquids and 
of fused solids have had to be determined, and for the latter a special 
apparatus had to be devised. It is evident that a substance melting 
above the ordinary atmospheric temperature cannot have its density 
taken by simply placing the density tube containing it in a water bath of 
the required temperature, because the small quantities in those parts 
of the capillary tubes which are exposed to the air would solidify, 
and thus seal the density tube, and if the temperature were raised 
burst it. It was necessary, therefore, to provide an arrangement in 
which the atmosphere above the bath should be heated to at least a 
few degrees above the fusing point of the substance, or, still better, to 
the temperature at which the determinations were to be made, because 
the mercury column of the thermometer which would be heated by 
this hot air would not then require to be corrected for temperature ; 
moreover, the small quantities of substance in the capillaries would 
also be heated to the same temperature as that in the UJ-tube 
itself; these conditions would also be very suitable in the case of 
ordinary liquid substances when their densities at high temperatures 
were to be determined. Another important point to be attended to 
is that of regulating the temperature of the bath in which the density 
tubes are placed. As a great variety of temperatures somewhat 
quickly succeeding one another, had to be used in these determinations, 
no special arrangements, such as are often used to maintain a constant 
temperature for a long time, were of any value; it was necessary, 
however, that some means should be provided to keep the tempera- 
ture constant at any desired point sufficiently long for the substance 
in the density tube to attain that of the bath. The following appa- 
ratus, shown in Fig. 13, was devised, and has been found to fulfil 
these conditions, although, of course, the difficulty of keeping the 
temperature quite constant to one or two hundredths of a degree 
increases as it rises. 

The thermometers used were graduated to the one-fiftieth of a 
degree, and each had a range of 25°, so that four were required to 
indicate from zero to 100°. The Kew corrections were used, and 
were twice made at dates a few years apart. These were plotted out, 
and curves drawn to them, so that the correction required for any 
temperature could be easily picked out. 

In Fig. 13, the bath or inner vessel for the density tubes is marked 
by the dotted line, and lettered A, and is seen in section, looking at it 
sideways, in Fig. 14. It is 21 cm. deep, and 13 cm. wide, and is pro- 
vided with two stirrers, A, A, one on each side; these are prevented from 
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toming in contact with the density tubes by two wide strips of copper, 
B, B, perforated with some large holes, so as not to interfere with the 
thorough mixing of the water in the bath; the stirrers are moved per- 
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pendicularly almost the whole distance from the top to the bottom of 
the vessel, by means of the rods, C, C, which are worked from a long 
beam driven by a water motor. The top of this vessel is represented 
by Fig. 15, the rods of the stirrer working through the two holes, 


Fia. 15. 


D, D. The square opening; E, for the admission of the density tubes, 
is provided on one side.with four projecting pieces, F, F, F, F, and on 
the other with five notches, so that by this means five density tubes 
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may be used at one time, and kept separate from each other, the 
capillary tubes with the bulbs being placed in the spaces between the 
projecting pieces, and the others in the notches. This vessel is also 
provided with a flange, G, G. 

On referring again to Fig. 13, it is seen that the inner vessel just 
described passes through an aperture in the top of the outer one, B, 
and rests on the flange, by which it is fixed in its place by means of 
screws, the joint being made airtight with red lead putty. This 
outer vessel, B, is 27-cm. deep, and 31 ¢.c. in diameter, and is pro- 
vided with a tap, C, by which it can be emptied ; it has also two small 
apertures in the top, D, D, one for a thermometer, and the other for 
the introduction of water, and also at the back, near the top, there 
is another small opening for the escape of steam. This vessel stands 
on a tripod, E, provided with a ring gas burner, F, which can be raised 
or lowered at will. 

The upper part of the apparatus consists of a chamber, the front 
and back of which are made of glass, and the top and sides of wood. 
The top of the vessel B, forms mainly the floor, the rest being made 
of sheet copper. The end of this chamber, on the right hand side, is 
hung on hinges, and thus forms a door G, through which the density 
tubes may be placed inside, or removed, as required. A copper tube, 
H, H, H, about 2°2 cm. internal diameter, and bent twice at right 
angles in opposite directions, and also provided with a funnel-shaped 
end, is fitted to this chamber, so that it may be used as a flue for 
heating it, the source of heat being a Bunsen burner; this flue is kept 
from contact with the woodwork by means of asbestos cardboard. The 
chamber is provided with large, chamois leather sleeves, I, I, on each 
side, through which the arms can be passed ; these can be doubled in 
when the apparatus is being heated, so as to more perfectly stop up 
the openings, and thus avoid loss of heat. A rack J, on which ‘to 
hang the density tubes, is provided at the back part of the chamber, 
and also a small shelf K, on which the bottle containing the fused 
substance to be examined can be placed and kept hot. The ther- 
mometer L, for registering the temperature of the bath passes into it 
through the top of the chamber, as also do the rods of the stirrers, 
the former being fixed in its place by means of a cork. A ther- 
mometer L’, passing nearly horizontally through the left side of the 
chamber, is used to give approximately the average temperature of 
the air it contains, so that, if necessary, correction can be made for 
the mercury column of the thermometer used for the bath: Should 
the column of the latter project any distance above the top of the 
chamber, a second thermometer can be used outside for making the 
required correction. 

This apparatus has been used for all kinds of density determina- 
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tions from about 10° or 15°, according to the atmospheric temperature, 
up to nearly 100°. For temperatures of about 4°, a simpler arrange- 
ment has been used, which is described further on. 

When using this apparatus, water is first poured into the outer 
vessel, until within about half an inch of the bottom of the inner 
one, or bath, and this is then heated, if necessary, until the ther- 
mometer shows approximately the temperature at which the deter- 
mination is to be made. The bath itself is then filled with water of 
about the desired temperature, and the stirrers set in motion; if the 
temperature to be used differs much from that of the atmosphere, 
the Bunsen burner under the flue is lit so as to heat the air of the 
chamber to approximately the same temperature, a few degrees differ- 
ence between this and the bath having no practical influence on the 
determination. The density tube containing the product under 
examination is next placed in the bath, the temperature of which 
is then accurately adjusted by the introduction of small quantities 
of hot or cold water. The level of the liquid in the density tube 
is now brought approximately down to the mark, and, after resting 
a few minutes, finally adjusted. The tube is then removed, care- 
fully dried, and, when it has acquired the temperature of the balance 
room, weighed. 

In making determinations much above the ordinary temperature, 
the moist air in the oater vessel requires to be kept somewhat hotter 
than that of the bath, and increasingly so as the temperature rises. 
With the water well boiling in the outer vessel, and the air chamber 
heated to about 100°, the bath can be kept at about 99°. 

When working with fused substances, the density tubes have to be 
filled in the chamber, previously heated to above their fusing points. 
To do this, the bottle of fused product is placed on the shelf, and its 
stopper removed, the density tube is also hung on the rack until suffi- 
ciently heated, the door of the chamber being closed. After a short 
time, the arms are passed through the leather sleeves, one end of a 
piece of fine vulcanised tubing, 2 or 3 ft. long, being also drawn in; 
this is then attached to the capillary bulb of the density tube, the 
other end being held in the mouth. The bottle of melted substance is 
next removed from the shelf, the free end of the density tube inserted 
into it, and the substance sucked into the tube, which, when filled, is 
placed in the bath previously heated to the desired temperature, the 
vulcanised tube is removed, and the usual adjustments made. The door 
is then opened, and the Sprengel tube removed, dried, and weighed. 
Before commencing a second determination at a higher temperature 
with the tube filled with the substance, which has now become solid 
by cooling, care must be taken not to burst it, as the capillaries are 
generally sealed. Usually, if it is suspended in the rack in the 
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chamber, the capillary tubes being narrow, the substance in them 
fuses first, but it is safer first to heat them and the upper part of the 
U-tube very carefully with a lamp before putting it into the rack; it 
should then be left until all the substance is melted. If an attempt is 
made to facilitate the melting by means of a lamp, or by placing it in 
the hot water bath, a good deal of substance is often lost, owing to 
the air which fills the cavities of the solidified product being rapidly 
liberated and forming large bubbles, which occupy the entire diameter 
of the tube, and, as they rise, force some of the fused product out of 
the tube; if, on the other hand, it is left in the rack, the melting is 
gradual, and the air bubbles being small, usually escape without 
carrying the substance with them, at all events to any great extent. 

The determination of the densities of substances with high melting 
points, such as acenaphthene, for instance, which fases at 95°, is 
not very easy; the temperature of the chamber has to be about 
100°, and the bath approaching this temperature, so that the atmo- 
sphere in which the filling of the tube has to be conducted is rather 
trying to the hands—especially as it consists largely of steam; more- 
over, on the least lowering of temperature the capillary tubes become 
blocked ; this also used to occur, sometimes when the filled tubes 
were placed in the bath, owing to a little cold air getting in through 
the chamois leather sleeves, and, of course, if it happens, it endangers 
the density tube, as a little expansion would cause it to burst. To 
avoid this, when determining the densities of substances with high 
fusing points such as the above, two small screens, Fig. 13, 
M, M, were made of pieces of moderately thick sheet copper, 
about 17 c.m, long and 7:0 wide, turned up at right angles on one 
side, and the ends so bent that they would rest on the copper 
flue of the chamber ; they were made right and left handed, and 
placed across the chamber from front to back, and on either 
side of the bath. The turned-up edges thus act as screens to 
shield the capillary tubes from draughts, and at the same time these 
pieces of copper are heated somewhat above that of the chamber 
by conduction from the flue, so that the substance in the capillaries 
is kept fused by radiation. The turned up sides of these pieces of 
copper are covered on one face with asbestos cardboard, in order 
that the hands may not come in contact with the hot metal. If oil 
or glycerine were employed, no doabt manipulation at high tempera- 
tures would be easier than when water is used, as the heated air in 
the chamber would be dry ; but it is troublesome to change the liquid 
in the bath, and, moreover, the high specific heat of water is a great 
advantage. 

For determining densities at low temperatures, such as 4°, the 
apparatus used was precisely the same as the inner vessel or water 
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bath of the above, including the stirrers, &c.; this was fitted into the 
lid of a square box standing on legs, in the centre of which a cylinder, 
made of perforated zinc, was fixed, a little larger than the bath, so 
that when ice was packed around the zine cylinder it would not come 
in contact with the inner vessel. The box was also provided with a 
syphon-shaped tube fixed in the bottom to drain off the water pro- 
duced by the melting ice. With this arrangement, a temperature of 
4° or lower could be easily maintained for some time, a very little 
warm or ice-cold water being added if the temperature were inclined 
to fall or rise. 

As the density tubes, when removed from a bath of lower tem- 
perature than that of the atmosphere, cannot be dried, they were 
placed in water 2° or 3° above that of the balance-room for a short 
time previous to wiping them, and afterwards left to cool. With 
tubes which have been removed from a hot bath, much time may 
be saved by placing them in a bath of this kind before drying them. 


Magnetic Rotation of Mixtures. 
As will be found further on (pp. 1093—96, 1119), certain groups 


and elements having low rotations, when they enter into molecules 
with relatively high rotation, sometimes yield products having lower 
rotations than would be expected from such displacements; at first 
it was thought that the lower rotating product in some way reduced 
the influence of the higher one. The consideration of this made it 
appear of interest to examine mixtures of compounds, both those 
having greatly varying, ard also those with identical, or nearly 
identical, specific rotations, in order to ascertain whether mixtures of 
molecules of different and of similar rotatory power would simply 
give additive results or not, or whether, when there is a consider- 
able difference in their rotations, the result would be lower than that 
of the sum of the two. 

First of all it was thought advisable to examine in the magnetic 
field some of the substances to be used in these mixtures in such a 
manner that the light, after passing through one of small rotation, 
should then pass through the other, or vice versd, subsequently ex- 
amining the effect of the two when mixed. For this purpose a 
specially divided tube was made, as shown in Fig. 16, consisting of 
two halves, A and B, of exactly the same length, namely 50 cm., 
separated by a glass disc D, the ends also being closed with glass 
discs C, E. 

This divided tube, with its ends, measured 105 mm. in length; 
when using it, one-half was filled with one substance, and the other 
with the other, and the combined rotation determined ; equal volumes 
of the same substances were then mixed, the density of the mixtures 
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determined, then both halves of the tube were filled with it, and the 
rotation agaiu determined. 


Fre. 16. 


A 


As was to be expected, the result of the examination of the two 
substances, unmixed, was simply additive. The following are the 
examples. 


Mol. rot. Mol. rot. 
Substances. found. calculated. 


Carbon bisulphide, equal lengths at 15°. \ 13-015 13-012 
Ethylic nitrate, 


Ethylic benzoate, } 20°848 20°877 


Ethylic butyrate, 


Isoamylic iodide, \ 20°385 20°399 

Isoamylic oxide, : 

Most of the mixtures examined consisted of equal volumes of each 
of the constituents at 15°; this would correspond to equal lengths 
in the measuring tube. Of course it was necessary to make and 
examine the mixtures at one and the same temperature, for, as the 
substances expand differently when heated, their volames would not 
be equal at any other temperature. To prepare them as accurately as 
possible, the several products were carefully weighed, the weights 
of equal volumes at 15° being calculated from the densities at 15°. 

On mixing liquids, a change of density usually occurs, but in most 
of the mixtures examined this has been small, sometimes being due 
to contraction, at others to expansion. We know very little of the 
altered condition of the molecules when change of density occurs on 
mixing different liquids, but probably in the mixtures examined the 
relative volumes remained almost unchanged. These changes of 
density influence the relationship of the specific rotation, and must, of 
course, be taken into account before they can be compared, first by 
dividing the specific rotation of the unmixed products by the average 
of their densities, and then by doing the same with that of the mix- 
tures—their found densities being employed—the results will then 
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probably be comparable within experimental errors. This method 
of calculation was at first adopted, but afterwards it was thought 
better to calculate the molecular rotations, and thus treat substances, 
when unmixed, and when mixed, as a whole; for instance, equal 
volumes of carbon bisulphide and ethylic nitrate at 15° will have the 
composition of CS, + 0°733 of a mol. of EtNO;. Knowing the 
molecular rotation of these two substances, that of the mixture can 
easily be calculated; it is 13°002. To calculate the molecular rota- 
tion from the specific rotation of the unmixed products determined 
in the double tube, namely, 19605, the average of the densities of 
carbon bisulphide and ethylic nitrate is first ascertained; this is 1'1939 ; 
then the molecular weight for these products in the above propor- 
tions is calculated, and is found to be 142°67. From these data the 
molecular rotation can be determined in the usual manner, and comes 
out as 13°015—practically the same as the calculated. With the mixed 
products, the specific rotation is 1°7907, the density of the mixture 
1/1753, and the molecular weight the same as for the unmixed pro- 
ducts ; these numbers give 12°072 as the molecular rotation, showing 
that a considerable reduction takes place when the two substances 
are mixed. 

The results obtained in this inquiry are given in the following 
table. In the first seven, mixtures containing equal volumes were 
employed; in the eighth, two volumes to one, and in the last three 
they were in molecular proportion. 

From the results it is evident that in all cases where the specific 
rotations of the products, used for the mixtures, lie wide apart (as 
can be seen by their ratios, given in column 7 of the table), the 
molecular rotations are below the calculated, and, roughly, the 
amount of variation increases with the divergence of the molecular 
rotations, as seen by comparing the Ist, 6th, and 7th. Whether the 
others would come into closer accord by a more critical determina- 
tion is uncertain, because the mixtures, although consisting of com- 
pounds not likely to have chemical action on each other, nevertheless 
contain different kinds of groups, and these may not all behave in a 
similar manner. In the last two examples, substances have been 
used with specific rotations which are nearly identical, and the 
molecular rotations they give are practically the same as the 
calculated. 

These results, therefore, bring out the remarkable fact that these 
mixtures of substances of very different specific rotutions give lower 
results than the rotations calculated from their separate constituents ; 
and also, from the last two, that when they are very similar, they give 
simply additive results corresponding to the rotations of their separate 
constituents. It is evident, therefore, that there is an interference of 
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the molecules of the substance of lower rotation with those of the 
higher, as though the polarised light passed through a larger number 
of the former than of the latter, selecting the shorter path. This is 
very remarkable and interesting from a theoretical point of view, and 
is important practically as showing that in examining the rotation of 
solutions it is necessary to employ a solvent with a specific rotation as 
near that of the dissolved substance as possible. In this paper an 
endeavour has been made to do this as far as practicable; with sub- 
stances of this kind it is not, however, always possible to do so, and, 
therefore, it is necessary to remember that when the solvent has a 
considerably lower rotation than the substance dissolved, the rotation 
of the latter will appear somewhat lower than it actually should be. 


Aqueous and Alcoholic Solutions. 


Water and alcohols do not always behave like other solvents which 
are more neutral in their character, there being a greater tendency 
on their part to the formation of chemical compounds with other 
substances; it has been thought best, therefore, to consider them 
separately. 

In the fatty series, many aqueous solutions have been examined at 
different times; amongst those in which no chemical union appears 
to take place are alcohol, the monobasic acids of the fatty series 
(Trans., 1886, 49, 778, &c.), and some of their halogen derivatives 
(Trans., 1894, 65, 421, &c.), also the dibasic acids, such as malonic, 
glutaric, maleic, and citraconic acids (Trans., 1888, 53, 421, &c.). 
Now, in most of these compounds the specific rotations are not very 
different from that of water, and, therefore, very little change would 
be likely to result from their being dissolved in it. 

The specific rotations of the bromacetic acids, however, are a good 
deal larger than that of water, bromacetic acid being about 1-400, 
whilst dibromacetic acid is about 1°600, and tribromacetic acid about 
1:800, and yet the aqueous solutions gave for these acids the same 
rotations as were obtained from the pure compounds, just.as in the 
case of bromacetic acid, or in the solution of the acid in a solvent having 
a similar specific rotation, as tribromacetic acid, for instance, in ethylic 
butyrate (Trans., 1894, 65, 425 and 427). It must be borne in mind, 
however, that all these aqueous solutions were very concentrated, and, 
therefore contained but little water, about 20 per cent., and this 
-would reduce the influence of the divergence of the specific rotation 
very materially ; still it might have been expected to manifest itself to 
some extent if water behaves in the same manner as the other solvents 
used in the foregoing mixtures. 

In the aromatic series, examples exist of mixtures with water 
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where no other chemical union is probable; these are phenol, para- 
cresol, resorcinol, pyrocatechol, and pyrogallol, The proportion of 
water in the first two is but small, as in both cases the mixture of the 
phenols and water which was used could only contain them in single 
molecular proportions. The phenol solution contained 16-07 per cent., 
and the paracresol 14°28 per cent. The following are the results, 
Mol. rot. Mol. rot. 
C,H,O + OH; C-H,O + OH,. 
Calculated.........+..-. 13140 13°869 
Found ...e.0..ccccceeee 13°095 13°768 


Reduction.......seee02  0°045 0101 


If, for the sake of comparison, these results are calculated for 10 
per cent. of water, phenol gives 0°028 and paracresol 0°071 difference 
in rotation. 

The specific rotation of phenol is about 2°46, and that of paracresol 
2:22, which is considerably above that of water; it would seem, there- 
fore, that in these cases water does act to some extent like other 
solvents, reducing the rotation when the mixture contains a compound 
of higher specific rotation than itself. 

With respect to resorcinol, which is the only other compound from 
which data have been obtained, the rotation of the dry substance 
could not be determined; two solutions of different strengths were, 
therefore, examined, one containing 63°583 and the other 30°285 per 
cent. of resorcinol, and 36°417 and 69°715 per cent. of water respec- 
tively. These differed in rotation by 0°174 for the 33:298 per cent. 
of water by which they vary, or 0°052 for each 10 per cent. of water, 
a result nearly the average of that of the two phenols, which amounts 
to 0049. This is calculated on the assumption that the rotations 
differ equally for successive dilutions; this, however, may not be the 
case. The specific rotation of resorcinol should not be very different 
from that of phenol, but, of course, a great deal higher than that of. 
water. 

In the case of the two amines isobutylamine and piperidine, which 
have specific rotations very nearly the same as that of water and not 
very different from that of alcohol, it would be expected that the 
rotation of the product obtained when these substances were mixed 
with water or alcohol would be normal, but in each case there is a 
reduction (Trans., 1889, 55, 735, 736). It may be noted, also, in 
making these mixtures, that considerable heat is evolved, and that 
there is an increase of density, all pointing to chemical union. 

In the aromatic series, benzylamine, nmrixed with its own volume of 
water, was examined, and paratoluidine mixed with 2 mols. of alcohol. 
In the former case, much heat was given out on making the mixture 
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the density, also showing that a good deal of contraction occurred. 
The rotation likewise shows a considerable reduction, thus. 


Mol. rot. of C;H,,NH,. + 6°022 OH, cal. = 19°687 
Found eedenséone.. Saee 


Reduction ....ccccsccses 0°533 
In the case of paratoluidine— 


Mol. rot. of C;H,NH, + 2C.H,O cale... 21°748 
Found ..... (ih bebnimen 21°023 


Reduction...». ie 0°725 


These results correspond to those of the fatty bases with water and 
alcohol, but the differences are larger, as might be expected ; this 
may be due to two influences: namely, the chemical union of the base 
with water or alcohol, and then, also, to the influence of the low rota- 
tion of the rest of the solvent on the higher rotation of the product 
in solution. 


Effect of Variation of Temperature on Magnetic Rotations. 


In my early papers on magnetic rotations, I was led to consider 
that the molecular rotations of substances were the same at all tem- 
peratures, from the fact that no practical differences were noticed in 
the numbers obtained at the atmospheric temperature in winter and 
summer, the specific rotation apparently simply changing with the 
density. I was aware that De la Rive (Ann. Chim. Phys., 1871, 22, 31) 
believed that there was a difference, but thought that this was due to 
his methods of measurements being less perfect than those now in use ; 
moreover, the data on which he founded his opinion were evidently 
faulty, as will be seen further on. Some ten years ago, when com- 
mencing the examination of aromatic compounds, it was noticed that 
substances with large rotations, like iodobenzene, appeared to give 
fluctuations in their rotations with large changes of atmospheric tem- 
perature, and this induced me to make direct experiments at widely 
different temperatures in order to test this point. The first substances 
examined were water and iodobenzene, and it was found that 
although the rotation of water changed apparently only in proportion 
to its expansion with heat, or, in other words, with its density, 
iodobenzene changed to a greater extent ; and, on examining other sub- 
stances, it has since been found that in all cases the rotations change 
with alterations of temperature to a greater extent than the density, 
water excepted, the amount varying with different compounds. The 
first time this was referred to was in a paper on “Saturated and 
Unsaturated Bibasic Acids and their Derivatives,” in which it is 
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stated that “it is found that the molecular rotation of a substance 
is not quite constant for all temperatures, falling off a little with rise 
of temperature ” (Trans., 1888, 53, 598); since then attention has 
been frequently drawn to this subject, especially in a paper on 
the “ Refractive Power of certain Organic Compounds at different 
Temperatures ” (Trans., 1892, 61, 290 and 309). 

This alteration,* which is in excess of the change of density, is 
found by subtracting the molecular rotations determined at tempera- 
tures wide apart, and then calculating the product for 100° for the 
sake of making comparisons. This it is proposed to call the Tempera- 
ture Difference. Calculating the results for 100° may be objected to, and 
probably it is not strictly correct to do so, but, judging from the 
determinations which have been made, the coefficient of change does 
not appear to vary to any very great extent for different tempera- 
tures ; or, at any rate, not sufficiently to seriously affect the generalisa- 
tions based upon the numbers thus obtained, as the following results 
will indicate. 


Temperature Differences for Varying Ranges of Degrees, also calculated 
for 100° for comparison. 


Chlorobenzene.... 0°252 diff. on mol. rot. for 66°5° = 0°379 for 100° 
i. tone Cae ‘ 740 = 0376 
Bromobenzene.... 0°317 69°6 = 0°455 
“ ice CORE 776 = 0428 
Toluene ..ess00+. O223 40°6 = 0°543 
i tenes See 676 =0518 
Kthylic phthalate, 0°187 » 9060 = 0334 
- os oe 71-4 = 0°358 
Pseudocumene.... 0°212 , 36°6 = 0°598 
“ coos 0438 ’ 71:5 = 0°607 
Heptane ........ 0O°152 , 555 = 0°274 
~ oy ae ; 72:1 = 0°287 


It will be seen that some of the differences at the higher tempera- 
tures are slightly lower than those at the lower temperatures, whereas 
in others the reverse is the case; this may arise from experimental 
errors, and must be decided by future determinations. 


* Messrs. Rodger and Watson (Phil. Tirans., 1895, 186, 654), in their remarks 
in reference to the methods of calculating molecular rotations, and the use of water 
as a unit of reference, do not seem to have noticed that the fact of molecular rota- 
tions varying with changes of temperature has been recognised for a long time, as 
skown above, and that it was also not lost sight of when considering the subject of 
tautomeric change (see Trans., 1892, 61, 809, 813, 822, 824, 852). Moreover, the 
difference of moleculat rotation for changes of the latter kind which have up to 
the present been considered, are also usually much larger than those for ordinary 
temperature differences. 
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In further considering the results which have been obtained, it has 
been thought best to commence with those relating to water, which 
is always used as the unit of comparison in my determinations of 
magnetic rotations.* 

In previous papers, it has heen stated that the ‘inguin rotations 
of water at different temperatures simply follow the change of density. 
The results on which this was based are giveu below. In these deter- 
minations, the magnet and pole pieces were heated, as well as the 
water under examination, by the circulation of water of different tem- 
peratures through the channels provided for this purpose. The average 
of the lowest determinations is 16°, and this is taken as 0°999, the density 
of water at this heat, the rotation at 4° being considered as unity. 
The following are the results obtained, 


Comparison of the Magnetic Rotation of Water at various Temperatures, 
with its Density, the Magnet being heated, 


Rotation. Density. Rot./d. 


0-999 
0°993 
0 °990 
0 °986 
0 °983 
0 *982 
0 ‘976 
0°971 
0-970 
0 ‘966 
0 -966 
0 ‘966 


“0° 
i. 
4 
‘0 
6 ‘O 
5 
0 
7 
0 


‘001 
‘001 


ea ee ee 


From these numbers it appeared, as I have already stated, that the 
change in the rotation is as nearly as possible identical with the change 
of density, as seen from the last column, 

Since these determinations were made, Messrs. Rodger and Watson 
(Phil. Trans., 1895, 186, 648) have made some very careful experi- 
ments on the magnetic rotation of water, in relation to its absolute 
valnes, at temperatures up to its boiling point, and also of some other 
liquids, but using a large coil instead of an electromagnet, as I did. 

* The formula used for calculating the molecular rotation of a substance from the 
observed is—- 

Substance. Water. 
Mol. rot. = “* Mw + vx Mw’ + x Mw xd 
d d’ x Mw’ x d 
For further particulars, see Trans., 1884, 45, 579, 
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On comparing our numbers, it was found that they did not quite 
agree, their measurements showing that the alteration in the rotation 
of water did not strictly follow that of density, as the foregoing 
results seemed to show. The difference between our results for 
water at its boiling point was about 0°7 per cent., being but little 
more than 2’ on my readings. The only way of accounting for this 
discrepancy was that some slight change occurred in the magnetic 
field of my apparatus when the magnet was heated, although the 
battery current was kept constant and a magnetometer influenced by 
the general radiation from the magnet showed no practical variation, 
a very minute lowering being noticed on two occasions only. 

To investigate this matter, two methods were employed; one was 
to measure water at about 15°, first with the magnet cold, and then 
when it was heated; the other was the reverse of this, namely, to 
measure water at 15° and near its boiliug point, the magnet being 
kept cold. The results of the measurements made in these different 
ways showed that the electromagnet when heated has not exactly the 
same field as when cool, notwithstanding the electric current is kept 
so as always to give the same deflection of the galvanometer, and is 
not sufficiently powerful to fully saturate the iron. Determinations 
were therefore made, keeping the magnet cold and heating the water, 
avoiding the loss of heat from the conduction of the pole pieces by 
interposing a screen of bad conducting material ; numbers were then 
obtained analogous to those of Rodger and Watson. The following 
is a comparison of some of the results, water at 0° being taken as 


1000. 
Perkin. Roger and Watson. 


t. 
45°4° 0°9918 0°9923 
61°5 0°9858 09867 
81:0 0°9773 09776 
99°5 0°9657 0°9663 

Our results, therefore, agree closely, and as these numbers are 
slightly larger than the densities of water at the same temperatures, 
they show that the rotation of water does not fall exactly with its 
density, but lags behind by about 0°8 per cent. at 100°. 

The following table, calculated from Rodger and Watson’s results, 
shows the relation of the rotation of water to its density for every 
20° between 0° and 100°. 

t. Rot. Rot./d. 

0° 1:0000 1:0000 
20 0°9985 1:0000 

40 0°9939 10015 

60 0:9870 1:0038 

80 0:9779 1:0061 

100 0°9664 10084. 
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Further observations on these results will be found on p. 1071. 

De la Rive obtained numbers with water the reverse of the fore- 
going; moreover, in his examination of ethylic iodide he found that 
the rotation followed the density, and, as this also is not the case, 
the evidence on which he assumed that the rotation did not in all 
cases vary as the density was misleading. 

Most of the results in this paper obtained at temperatures above 
the atmospheric were made with the magnet in a heated condition ; 
the change in the value of the magnetic field above referred to does 
not, however, influence the measurements, because they are all rela- 
tive to water measured under the same conditions. 

The effect of a comparison between the rotation taken at high 
temperatures of substances which do fall more rapidly than their 
densities, and water, which behaves in the opposite manner, is simply 
to slightly reduce the result. 

After finding that the rotations were influenced by changes of tem- 
perature to a greater extent than could be accounted for by the altera- 
tion of density, a large number of substances were examined to see if 
the temperature differences, as 1 propose to call them, were connected 
with any general law. 

On studying the results, it was noticed that substances with large 
specific rotations gave larger temperature differences than those with 
small specific rotations; but, on arranging them in this order, it was 
not found that any regularity existed in this connection; the same 
want of agreement also obtained on arranging the differences in the 
order of their specific rotations divided by density. Comparisons 
were also made in respect of the temperature difference and the coeffi- 
cient of expansion by heat, but no relation between the two was 
observable. At last it became apparent that each class of compound 
had its own kind of temperature difference. The results obtained 
have therefore been tabulated on this principle, the following particu- 
lars being given, namely, the specific rotations alone, and also divided 
by density, the molecular rotations, the temperature differences, the 
percentage change on the molecular rotations and on the specific 
rotations divided by density, which is the same in both cases. 
Fifty-four compounds have been examined in reference to the changes 
which occur in their rotations with variations of temperature. 

On examining these tables, it is found, as might be expected, that 
the temperature differences are greater in the aromatic series than in 
the fatty series. It is also well to bear in mind that these differ- 
ences, especially when small, represent but minute variations in rota- 
tions, and therefore, as previously pointed out, are more influenced 
by experimental errors than ordinary maguetic rotations ; on studying 
the numbers, however, it is found that there is a closer analogy 
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between the temperature differences of the members of each group of 
substances than is at first apparent, one of the principal causes 
being the difference in composition of the homologous compounds. 
It will be seen, on comparing them, that there is apparently a tem- 
perature difference corresponding with each difference of CH:, and 
this consequently causes the compounds higher in the series to have 
larger differences than those lower in the series; for instance, in the 
fatty series, cenanthylic acid has a larger difference than propionic 
acid. 


Effect of Variations of Temperature on the Rotations of Compounds of the 
Fatty Series. 


| Change 
| Diff. in ‘per cent. 

“ mol. rot.! in mol. 
for 100°.! rot. for 


Substance. 


Sp. rot. | oP: oat. 


Heptane.... 


Acetic acid . 
Propionic acid . 
Cnanthylic acid . 
Ethylic cenanthate. . 


Chloracetic acid... .....eseeecees 
Dichloracetic acid..... 
Trichloracetic acid ...........6. 


co or ce O10 bo ~I 


Dipropyl ketone........seseeees 


Ethylic acetoacetate .........+4. "92 "9003 | 
Dimethylacetylacetone ..........' 0°9475 | 0°9907 | 
Hydracetylacetone.............. 1’ 0361 | 


asia ~I 


Ethylene chloride .............., 1° “9972 | 
Octylic chloride ...............| 

Propylic bromide ...... Sales wine : | 1-0068 | 
Octylic bromide..........-+. seve) Le | 171214 | 12° 


aQacn 


Ethylic iodide ..........seseeee| 2° | 1°1632 | 10 
GURNEE nibs an <0s0 delss once | 1°2136 | 16° 
Methylene diiodide .........00. *2522 | 18°6 
Pyrotartaric anhydride.......... | 0°9303 | 0°7516 | 4° 


Unsaturated Compounds. 


Ethylic citraconate ..........++| 1°0645 | 1°0158 | 10° 
Citraconic anhydride...........++ | 1°1139 | 0°9808 5° 


By taking all the available results obtained from homologous 
compounds of the fatty series, and then those of the aromatic 
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series, and comparing them, probable values for CH, in both will 
be obtained, from which the temperature differences for other homo- 
logues may be estimated. 


Effect of Variations of Temperature on the Rotation of Compounds of the 
Aromatic Series. 


Sp. rot. 
7 
15°. 


Substance. 


Sp. rot. 
15°. 


Nitrobenszene...c.0c.cccecec0cs-c0-ce "Or 1°3671 9 °361 


IED 4 d.aid.n 6 crsm we ve 646005 y 2°6089 | 11°284 
| ee RE er rer ely es 2°3785 | 12°157 
PROUITIODG S555 CS cece cecccecees| L* 2°0048 | 13-366 
PROMGOEGMOMS <. oc ce vcccsecere 2 0996 | 18 °998 
Diphenylmethane ........++++-+| 2° 2 5547 | 23845 
Naphthalene ........ccccseeces -— 25°125 


Ethylic hydrocinnamate ........| 1° 1°6350 | 16 °176 
Ethylic pathalate . 1°3709 | 16°909 
Ethylic benzoylacetate..... coocel kL 1 °5384 |-16 °411 
Phenylic acetate .......+e+0++++| 1°88 1°7143 | 12°953 
Phenylic enanthate ............| 1° 1°5660 | 17°923 


SNL no 02s bce's5s sivas de she ooe = 12°140 
Thymol ......secocccececessoe| 1° _ 1°9344 | 16°120 


Dimethylquinol .. weoveuee] ; o— 16°717 
Trimethylpyrogallol .. eeceee _ 17 °201 
a-Naphthy! ethyl oxide . . 3°3734 | 32 °237 


Benzaldehyde........+.++seeeeee| 2° 2°0145 | 11 °864 
Benzylic alcohol ........++ee00+| 2° 2 °0666 | 12 °400 


Acetophenone ......... bate: Compl 1°8895 | 12 °597 
Benzophenone .......+eeeeeees _ 23 °371 


Frere ake ° 2°0016 | 12°510 
DONO: 60.00. ccc cece sees " 1 °6631 | 14°506 
Todobenzene .«. paeel ee 1°6859 | 19 °108 
Parabromotoluene......eeeesees| — 15 °167 


Phenylic sulphide ...... so ceees | 8° 2°8710 | 29 ‘668 
Aniline ......... sosetshadel te : 31114 | 16°076 


Dimethylaniline. . svoesevd vet we 3 °4048 | 22°888 
a-Naphthylamine . $0 ce seegscesee _ 37 °478 


Unsaturated Compounds. 


Allyl phenyl oxide.......... 2 2672 | 2°3014 | 17°134 | 
Cinnamic alcohol ...........+++ — |17°940 
Ethylic cinnamate 2°1577 20459 | 20°005 
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The following table shows these differences. 


Substance. Temp. diff. for 100°. Diff. for CHy. 
(inanthylic acid 0-079 = 4 = 0:020 
Propionic acid , 

Octylic iodide ‘ 
0-080 ~ 6 = 0013 
Ethylic iodide 
Octylic bromide ' 
- 0078 +5 => 0°016 
Propylic bromide 


AVECTAZC 0. ccceeee 0:016 


Pseudocumene ‘ 0-070 + 2 = 0-035 
Toluene..... Cocccces : 


Toluene....... Keene ais ‘ 


0115 + 4 = 0029 


Average 


As usual, the difference for CH, is larger in the aromatic than: 
in the fatty series; these, however, being very small, and obtained 
from a small number of examples, are probably not quite accu- 
rate; nevertheless, they appear to show the existence of tempera- 
ture differences for the CH, group. It is quite likely that CH, 
and CH;, displacing hydrogen, have not precisely the same values, 
but any variation due to this would probably be very small. In the 
examples given in connection with the fatty series, only differences. 
for CH, occur. 

If the paraffins be taken as the starting point of the fatty com-. 
pounds, and benzene hydrocarbons of the aromatic compounds, their 
temperature differences for CH, will be useful in comparisons in 
relation to the differences of their derivatives. 

From the temperature differences for CH,, that of each of the- 
paraffins can be estimated from that found for heptane, and may 


be represented thas. 
Estimated temp. diff. 
* Substance. 
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By displacing hydrogen in these paraffins by CO-OH or CO-OEt, 
and thus producing the corresponding acids or ethereal salts, it is 
found that the temperature difference is greatly reduced, thus. 


Reduction of 
Substance. 


Propane (estimated) 
Propionic acid 
Heptane .... 
(Enanthylic acid 


Carbonyl when displacing hydrogen so as to form a ketone also 
reduces the temperature difference; thus, in the cases of dipropyl 
ketone and the diketone dimethylacetylacetone, the following differ- 
ences are found. 

Reduction of 
Substance. . diff. temp. diff. 


0-11 
Dipropyl] ketone 0 


Heptane .. . = 
Dimethylacetylacetone mh en ta oP 

In ethylic acetoacetate, where both CO and CO-OFt displace CH, 
groups, the reduction is also very great, as might be expected. 

Hydroxyl also appears to act in a similar manner to the above, 
because in hydracetylacetone, which contains both OH and CO, the 
temperature difference, if compared with that of pentane, shows a 
reduction of 0206, which is greater than that resulting from the 
influence of CO alone, although very nearly the same as that of 
COOH, as can be seen on comparing propane with propionic acid. 

The CO-O°CO group displacing two CH, groups in pentane, and 
thus giving pyrotartaric anhydride, also causes a considerable reduc- 
tion in the temperature difference, amounting to 0°165 less than 
that of the paraffin. 

In the aromatic series, analogous results are observed; thus, on 
comparing the temperature differences of toluene and benzaldehyde, 
a reduction of 0°157 is found; in the case of the ketone, acetophe- 
none, when it is compared with the estimated temperature difference 
of ethylbenzene, the lowering is still greater, amounting to 0°258. 

The temperature difference of benzophenone when compared with 
that of diphenylmethane is seen to be the higher of the two, and 
therefore appears to be an exception, but, owing to the very high 
molecular weights of these substances, it is possible that their tempera- 
ture differences may not have been determined with sufficient accuracy 
for this comparison, although their rotations were in both cases twice 
determined at high temperatures, It is also well to remember that 
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the rotation of benzophenone is not quite what might be expected 
(see p. 1093). 

The displacement of hydrogen in benzene and toluene by hydroxyl, 
forming phenol and benzylic alcohol, causes a reduction of the tem- 


perature difference, thus 
Reduction of 
Substance. Temp. diff. temp. diff. 


ND 66 kn 64.0-5640.5 6 ones 

Terr ee Eines bal ons 
PRERG!L...ccse 0 
WS ca cvees nate eek a <s “5é ' 
Benzylic alcohol 0°208 


the difference in the case of the phenol, as might be expected, being 
larger than that of the alcohol, where the hydroxy] is associated with 
the fatty group. The temperature difference of thymol is also much 
smaller than that of the corresponding hydrocarbon, which should 
be about 0-600, and if this be correct, the difference would amount 
to 0°252, or very nearly the same as that in the case of phenol. 

The temperature differences of ethylic hydrocinnamate, and ethylic 
phthalate are also low, so that, as in the fatty series, the groups 
CO-OH, and CO-OEt evidently influence the temperature differences 
in an analogous manner. 

The temperature differences due to the displacement of hydrogen 
in hydrocerbons by NH, and N(CH;), groups have not been deter- 
mined in the fatty series, but iu the aromatic the results are in the 
opposite direction to those considered above, inasmuch as they cause 
the temperature difference of the amines formed to be greater than 
that of the hydrocarbons themselves ; thus, aniline has a tempera- 
ture difference of 0°750, whilst that of benzene is only 0°477, or an 
increase of 0°273. That of dimethylaniline is much larger, namely, 
0°936, and a-naphthylamine gives no less than 1°56], or rather more 
than twice that of aniline, 

The unsaturated compounds of both the fatty and aromatic series 
give temperature differences larger than those of the saturated 
series; thus, that of citraconic anhydride is larger than that of pyro- 
tartaric anhydride. Ethylic citraconate evidently has a high tem- 
perature difference, as it is greater than that of ethylic cenanthate, 
and this is no doubt higher than that of ethylic pyrotartrate, the 
substance with which it must be compared. In the aromatic series, 
it is found that ethylic cinnamate has a considerably higher tempera- 
ture difference than ethylic hydrocinnamate, and cinnamic than 
benzylic alcohol, allowing in the latter case for the difference of 
CH, x 2, which would make them comparable. Allyl phenyl oxide 
also gives a very high number. 

In reference to compounds containing halogens, chlorine, when 
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displacing an atom of hydrogen in a compound, appears to have a 
reducing influence on its temperature difference; this is seen in the 
case of chloracetic acid, but as the displacements increase in number 
an increase occurs, so that the temperature difference of dichloracetic 
acid and trichloracetic acid is greater than that of acetic acid itself ; 
this is most evident in the trichlorinated acid. In octylic chloride, 
the temperature difference is also evidently low. 

With reference to bromine, octylic bromide gives a slightly higher 
number than the chloride, but it is still lower than that estimated for 
octane. Propylic bromide also gives a lower number than that 
estimated for propane, so that mono-displacements by these two 
halogens have a reducing influence on the temperature differences, 
that of chlorine being the most marked. 

Iodine influences the temperature difference in an opposite direc- 
tion to the other halogens, and increases it; this is especially seen 
to be the case in the di-displacement compound methylene diiodide, 
where it amounts to no less than 0°865. 

In the aromatic series, similar kinds of differences exist; thus, in 
the mono-halogen derivatives of benzene, the temperature difference 
of chlorobenzene is the lowest of the three, being considerably below 
that of benzene ; bromobenzene comes next, being only a little above 
chlorobenzene, but still a little less than that of benzene, whilst 
iodobenzene is the highest, and a good deal above that of the hydro- 
carbon. 

The numbers obtained for phenylic sulphide evidently show that 
sulphur compounds have high temperature differences. 

From the foregoing results it is seen that there is a close analogy 
between the temperature differences of corresponding compounds 
in the fatty and aromatic series, and there can be but little doubt that 
if the substance were subjected to a larger number of measurements, 
so as to yield results of still greater accuracy, that even closer agree- 
ments would be found to exist. 

With reference to the percentage changes for the variation of 100° 
of temperature calculated on Sp. R./d, or on the molecular rotation, 
so far as they have been considered, they do not appear to give much 
useful information. It will be seen that they vary from —0°824 per 
cent. in chloracetic acid to —5'184 per cent. in ethyl a-naphthyl 
oxide (with the exception of water, which gives +0°8). In the 
benzene hydrocarbons, they gradually diminish as the hydrogen is 
displaced by methyl; this is what might be expected, as fatty 
compounds have smaller temperature differences than aromatic com- 
pounds. In halogen derivatives of benzene, it is also seen that the 
percentage increases from the chloro-derivative to the bromo-, and 
then more decidedly so to the iodo-derivative. 
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It is worth remarking that in most cases where the magnetic rota- 
tions are influenced by the constitution of substances, so that they 
give higher or lower “series constants,” the same thing occurs in 
reference to the temperature differences, This is seen in the case of 
substances containing CO or CO-OH-groups, which have both lower 
series constants and temperature differences than the paraffins. In 
compounds containing halogens, there is also an analogy between the 
temperature differences and series constants, both changing in a 
similar manner, the numbers rising from the chlorine to the bromine, 
and then, but to a much greater extent, to the iodine compounds. 

The unsaturated substances also give higher series constants and 
temperature differences than the saturated. The same analogy is 
found also in the case of displacement by NH, or N(CH;)., as in aniline 
and dimethylaniline, also in z-naphthylamine. 

There is, however, one exception to these analogies, and that is in 
the case of hydroxyl displacements. In magnetic rotations, the 
alcohols and phenols have higher series constants than their cor- 
responding hydrocarbons, but their temperature differences are 
smaller; with this one exception, however, the analogy seems to hold 
good. 

In some experiments on the refractive power of organic compounds 
at different temperatures (Trans., 1892, 61, 307—310), it was shown 
that all the substances examined manifested a reduction of refractive 
power when heated, and it is also mentioned that the results are 
analogous in their relationships to those obtained in connection with 
magnetic rotations. This was stated to be the case more particularly 
in reference to the monhalogen derivatives of benzene, aniline, 
dimethylaniline, a-naphthylamine, and the unsaturated compounds 
ethylic cinnamate and cinnamic alcohol. Now that the temperature 
differences of the magnetic rotations are given, it will be seen how 
far this statement was justified. 

On comparing the temperature differences of the refractive power 
and of the magnetic rotation of the halogen compounds above referred 
to, it is seen that they both rise from the chloro- to the bromo-, and 
then to a greater extent to the iodo-derivative. In the paper just 
referred to (loc. cit., 309), it is stated that the difference found 
for bromobenzene was probably too small, and that most likely it 
should lie about midway between that of chlorobenzene and iodo- 
benzene; the numbers given are, however, in all probability correct, 
for it will be noticed that the temperature difference of the rotation 
of this substance is in agreement with it, being considerably nearer 
the chloro- than the iodo-derivative, 

With aniline and dimethylaniline, where there is such a remarkable 
increase in the temperature difference of the rotation, a similar 
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result is found in the temperature difference of the refractive power ; 
the same being true also in the case of «-naphthylamine. 

Unsaturated compounds give equally comparable results. An excep- 
tion is found in the case of water, which gives a very small temperature 
difference in relation to both properties, they however go in contrary 
directions, that of the magnetic rotation being a very small plus 
quantity, whilst that of the refractive power is a very small minus 
quantity ; this exception may, however, eventually prove to be more 
apparent than real. 

The analogies referred to above in respect to refraction, are only true 
if Gladstone’s formula be used in calculating the results, whereas, if 
that of Lorentz be employed, slightly higher numbers are obtained for 
an increase of temperature, a result which would not be expected, and 
is at variance with the magnetic rotations, which are found to fall 
(except in the case of water), whether the numbers are treated rela- 
tively, as in this paper, or whether the absolute values are deter- 
mined. Moreover, if the refractive indices be divided by density, or 
(« —1)/d be taken, the numbers are always found to become lower 
with rise of temperature; it, therefore, appears that Gladstone’s 
formula agrees best with the general character of the results obtained 
in connection with both properties. 

The specific and molecular refractions of liquid compounds in 
many cases fall 0°5 or 0°7 per cent. for a rise of temperature of 100°. 
Therefore for the difference of temperature between the boiling point 
of a substance and that of the atmosphere, it must in many cases 
amount to considerably more than this; we do not know, however, 
that this change ceases at the boiling point of the substance, or 
whether any further fall occurs during the transition from the liquid 
to the gaseous condition. 

Owing to the existence of temperature differences, it is necessary, 
especially in the case of aromatic compounds, to compare them at 
one temperature ; 15° has therefore been selected. It is not always 
possible, however, to make the measurements at this point, especially 
in hot weather, because when working below the atmospheric tem- 
perature the glass ends of the tubes become covered with moisture, 
and, moreover, it not unfrequently happens that substances have to 
be examined in the fused state. When the temperature difference is 
known, it is very easy to reduce the molecular rotation te 15°; when 
unknown, the only way is to apply the temperature difference of the 
most nearly allied substance. As the corrections of this kind, in the 
majority of cases, are only for a very few degrees, this is sufficiently 
accurate for all practical purposes, but, in other cases, where large 
variations occur, it is not so satisfactory, although it is not likely to 
lead to any important errors. 
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With reference to the rotation of water. To say that the rotation 
of this liquid with rising temperatures, does not fall quite to the same 
extent as its density, is the same as saying that its rotation increases 
with temperature. This is an interesting, though anomalous result, 
already referred to, no other substance yet examined behaving in 
this manner. It has been shown in previous papers, that when 
chemical combination takes place between two substances, the 
rotation of the product is not equal to that of the sum of their 
rotations, but somewhat less; therefore, if a substance were dis- 
sociated by heat the rotation would increase. This result would then 
be analogous to that which happens in the case of water, although 
probably the influence on the rotation would be much larger. In the 
case of water, however, it is not assumed that any chemical change 
takes place, but it is generally believed that water consists of mole- 
cular complexes, which when heated become simplified, and if this 
be so, the magnetic rotation may be affected in a manner similar to 
that caused by chemical dissociation, though probably to a small 
extent only; this would furnish an explanation of the anomalous 
rotation of this liquid. The question as to whether this, if correct, 
would influence the rotation to the extent of 0°8 per cent. only 
for 100°, by which it differs from the density, it is impossible to 
decide, although the probability is that it would be rather more; 
because if water, independently of this, behaves like other substances, 
it will have a temperature difference, though probably a low one, and 
this acting in a direction opposite to that due to the breaking down 
of molecular complexes, would make this influence appear smaller 
than it really is. 

In a previous paper (Trans., 1894, 65, 404),* it was stated that it 
did not appear probable from the results of the measurements of 
the rotations of acetic and propionic acids at different tempera- 
tures, that these rotations were influenced by simple molecular 
changes, because both acids gave nearly similar results at high 
temperatures, notwithstanding they are supposed to differ con- 
siderably in molecular complexity. Acetic acid, however, is known 
to be dissimilar in its physical properties from propionic acid, 
and it is possible that its temperature difference may be larger 
than that of propionic acid, more so, in fact, than is indicated 
by experiment; for if molecular simplification takes place, it 
would operate in the opposite direction, and would make the tem- 
perature difference appear smaller than it is, that these results 
do not really give any definite information on this subject. The 
anomalous rotation of water, however, renders it probable that the 


* In this paper, the mistake was made of inferring that the breaking down of 
molecular complexes would be likely to cause reduction in rotation. 
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‘simplification of molecular complexes does cause a small rise in 
magnetic rotations. If this be so, a few of the examples already 
given of temperatare differences in the foregoing tables may really be 
larger than they appear to be. Attention has already been drawn to 
the small temperature differences of the alcohols and phenols, and it 
will be remembered that Ramsay and Shields regard the former as 
compounds of molecular complexity, © 


Section I[.—ConsmDERATIONS RESPECTING THE Rotation or AROMATIC 
CoMPouUNDS, 


In considering the rotations of the aromatic compounds, it will 
perhaps be most convenient first to deal chiefly with those relating to 
substances containing the group C,H; as these, in most cases, 
represent fatty compounds with hydrogen displaced by this radicle ; 
moreover, in substances of this nature the subject of position in the 
benzene nucleus does not arise. With these, however, as well as with 
those in which position has to be considered, the interpretation of the 
results are complex, because it is found that most of the compounds 
containing benzenoid and paraffinoid residues do not give rotations 
which are the mean of their separate rotations, but that the influence 
of some of the groups, if in direct union with the nucleus or very 
closely associated with it, causes an augmentation of the rotation of 
the products to a greater extent than would be expected from their 
composition, whilst others produce an opposite effect. This is not 
only the case with groups containing carbon, but also with those 
containing nitrogen or some of the halogens. This peculiar in- 
fluence, due to the association of the nucleus with other groups, is 
also often prevented or screened off as it were, more or less, by inter- 
vening groups, such as carbonyl, as will be seen when considering 
the results which have been obtained. 


Ethereal Salts of Benzoic acid. 


The following table shows the molecular rotation of those ethereal 
salts of benzoic acid which have been examined, together with the 
observed differences for the variation in composition by CH, and for 
the iso-group. 

The average of all the differences for CH, is 1:055, or, excluding 
the first, as it has reference to a methylic salt, it is 1:037, or a trifle 
more than the ordinary value of CH, in the fatty series, namely, 
1023. 

An interesting point is noticed when considering this table, namely, 
that benzoic acid, C,H;-COOH, appears to be more correctly repre- 
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sented as acetic acid, CH;COOH, in which the methyl is replaced 
by phenyl, than as phenylformic acid. 


; o| Diff. for 
Substance. Mol. rot. 15°. CH.. 


Methylic benzoate .........seeeeeeee| 12°743 


Ethylic benzoate ......seseseceseeees| 13°854 


Propylic benzoate ........seeesccecs cn 


Isopropylic benzoate ........++..++05| 14°950 


Butylic benzoate .......-sceesccecses| 15°952 


| 
Ree rrremneneersvereets 19 992 


It may be seen from the above table that the differences between 
methylic, ethylic, and propylic benzoates are 1°100 and 1°019 respec- 
tively, corresponding more nearly with those between methylic, 
ethylic, and propylic acetates than with those found in the case of 
the formates, as the following table shows. 

Substance. Mol. rot. Diff. 
Methylic formate........ 1-069 
Ethylic formate .. ’ ‘ 

. 0°970 
Propylic formate..,..... 
Methylic acetate .....0 36% 1:100 
Ethylic acetate .. ; 0s 

‘ 1-025 
Propylic acetate .. 


Isobutylic benzoate.............+-.+.| 16°048 } 


Of the differences, for CH,, that between propylic and butylic 
benzoate is rather larger than what might have been expected; this 
may possibly be due to a slight impurity, since the normal butylic 
alcohol used in its preparation, although repeatedly fractionated, did 
not boil as constantly as could have been wished. If, however,'an 
average of all the differences be taken, omitting the first, 1:037 is 
obtained as already noticed (or if that between propylic and ethylic 
benzoate be taken 1°025 is obtained), so that in these benzoates it 
appears that the alcohol radicles have very nearly the same values 
as in the ethereal salts of the fatty acids. 

This is interesting because it shows that the oxygenated group, 
-CO:0-, which links these radicles to the phenyl, screens them almost 
perfectly from its influence, otherwise their apparent values would 
be greater, as will be seen further on. 

The boiling points of the ethereal salts of benzoic acid differ from 

VOL, LXIX. 4c 
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each other to a smaller extent than those of the fatty acids, which 


amount to about 22°, thus 


Substance. 


B. p. 


Methylic benzoate ......+e++--: 

Ethylic benzoate ........seveseseeece 
Propylic benzoate ..secscececececece 
Isopropylic benzoate .......e.eseeeee 


Batylic benzoate ...... 2002 seccsecece 


Isobutylic benzoate 


198 “6° 
211°8 
230°7 } 
218 5 } 
249 -0 
241°5 


The following table gives the differences in the densities for each 


CH. 


Substance. 


d15°/15°. 


Diff. for 
CH. 


Diff. for 
iso- group. 


Methylic benzoate ......cccccesecees 


1°0942 


0 °0419 
Ethylic benzoate ........2+.000. 10523 
0 -0247 
Propylic benzoate .....ccceccesecere 


1°0172 
1°0111 


Isopropylic benzoate .........000e005 0 °0165 


Butylic benzoate.... 


10276 } 


4)0-0432 
0-0108 


1 :0035 
0°9679 


Isobutylic benzoate.............045 


Octylic benzoate .. 02.000 00ccccccces 


The isopropylic and isobutylic salts show the characteristic differ- 
ences from the normal nearly as strongly as in the fatty series. 

The results tabulated above, relating to the three properties— 
molecular rotation, boiling point, and density—are clearly seen if 
graphically represented as in Fig. 17, where it will be observed that 
the values for the boiling points and densities are included in a 
regular curve, with the exception of those for methylic benzoate as 
shown by the dotted lines. In the case of the rotations, which are 
represented by the sum of the numbers of the abscisse and ordinates 
referring to them, the numbers do not form a regular curve, but 
from the large difference between the rotation of methylic and 
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ethylic benzoates, the former evidently behaves abnormally, as in 
the case of the boiling point and densities. The irregularity between 
ethylic, propylic, and butylic benzoates would not have been ex- 
pected because they are not found in the case of the acetates, but 
whether this is real or due to a slight impurity in the butylic 
benzoate, as previously noticed, further experiment must decide. A 
difference of about 0°050 in the molecular rotation would cause this 
discrepancy. The rotations are more sensitive to slight impurities 
than the boiling points and densities. 

If these compounds behaved like the acetates, the rotation would 
follow the dotted line between ethylic and octylic benzoates. 


Phenylic Salts of the Fatty Acids. 


It is difficult to prepare these substances in a pure state, phenylic 
propionate, for example, was at first obtained as an oil, but after- 
wards in a crystalline condition, and although but little difference 
was found in the densities and boiling points of the two products, 
yet the rotation of the crystalline specimen was slightly lower than 
that of the oil, indicating that the latter probably contained a little 
phenol. It is possible also that the specimens of phenylic acetate 
and phenylic butyrate examined may have contained a trace of the 
same impurity, as neither of them could be obtained in a solid con- 
dition, and they are, moreover, easily acted on by alkali; it was not 
possible, therefore, to be certain that the phenol was entirely removed. 
The phenylic cenanthate used was probably quite free from phenol, 
because it can be thoroughly washed with dilute potash without 
decomposition; its boiling point (282°3°), moreover, is so very much 
higher than that of phenol (182°6°). 

Four of these phenylic salts were examined, yielding the numbers 
given in the following table. 


Substance. _ Mol. rot. Diff. for CH;. 
Phenylic acetate. . i 0°720 
Phenylic propionate 1-088 
Phenylic butyrate 

: 3)3°162 
Phenylic cenanthate Jae ~ 1054 


These differences show that there is a much smaller variation for 
the CH, between the acetate and the propionate than between the 
other compounds ; this is again analogous to the results obtained in 
the fatty series, the difference between ethylic acetate and pro- 
pionate being 0°990, whereas in the case of the higher members of 
the series it amounts to 1-023; in the above phenylic compounds the 
average difference for CH,, excluding that of the acetate as not 
strictly comparable, is higher than the “latter number, being 1-062. 

4¢2 


1076 PERKIN: MAGNETIC ROTATORY POWER, 


In the phenylic salts, the group linking the phenol to the alcohol 
radicle is the same as in the ethereal salts of benzoic acid, namely, 
-CO-0-, the difference between the two series being that the 
positions are reversed; in the first, the phenyl is associated with the 
oxygen, and the radicle with the carbonyl, whereas the opposite is 
the case with the benzoates. It would have been expected that this 
arrangement would have given the same difference for the change of 
composition by CH:, but from the results it appears that the phenyl 
and fatty groups in this position exert some very slight influence on 
each other, which they do not in the benzoates. 

The boiling points of this series of compounds show the following 
differences. 

Substance. 
Phenylic acetate 
Phenylic propionate 
Phenylic butyrate 
Phenylic cenanthate 


The densities at 15°/15° give 


Substance. Density 15°. Diff. for CH). 
Phenylic acetate 0°0267 
Phenylic propionate 0:0275 
Phenylic butyrate : } 2)0°0448 
Phenylic cnanthate 00224 


In Fig. 18 these tabulated results are represented graphically ; the 
rotations, it will be seen, show a very striking difference in the case 
of phenylic acetate, the line connecting this with phenylic propionate 
going in an opposite direction to that which connects the other 
rotations. The latter is a fairly regular curve. The boiling points 
are included in a very slightly curved line, except that of phenylic. 
acetate, as shown by the dotted line. The densities are also included 
in a regular curve, again with the exception of phenylic acetate. It 
is thus once more seen that in the case of phenylic acetate these 
three properties point out a difference between it and the other 
members of the series, the most striking variation noticeable being 
again that in relation to the rotation. 


Comparison of the Ethylic Salts of Benzoic, Phenylacetic, and Phenyl- 
proptonic acids. 


In this short series, the ethereal salts of the last two acids are 
isomeric with some of the ethereal salts of benzoic acid previously 
considered, where the difference of composition is in the acid itself, 
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instead of in the alcohol radicle of the salt. The following are the 
compounds which were examined, with their rotations, &c. 
Substance. Mol. rot. Diff. for CH:. 
Ethylic benzoate 13°854 \ 
Ethylic phenylacetate 14982 
Ethylic phenylpropionate.... 16-1695 


1128 
1-187 


Average 


These compounds, as previously noticed, probably represent ethylic 
acetate, propionate, and butyrate, in which CH; is displaced by C,H:, 
and the differences are consistent with this, the first being the 
smaller of the two; in the above cases, however, they are both con- 
siderably larger than in the fatty series referred to, and this is 
apparently due to the CH, group in the last two compounds being in 
direct union with the pheny], the rotation of the compound being 
increased thereby, in ethylic phenylacetate, however, this effect is 
apparently neutralised in part by the reducing influence of the 
COOEt group, with which it is also connected, otherwise it should 
have given the larger difference of the two. 

The following is a comparison of the boiling points of these 
ethereal salts. 

Substance. B. p. Diff. for CH. 
Ethylic benzoate 155° 
Ethylic phenylacetate 
Ethylic phenylpropionate.... 


The relative densities also show considerable variations. 


Substance. d15°/15°. _—dDiff. for CH. 
Ethylic benzoate 
0°0061 
Ethylic phenylacetate 
Ethylic phenylpropionate... . 


From the results given in the three foregoing tables, it is seen that 
considerable variations again occur between the differences of the 
frst and second members of the series. 

Members of three isomeric series of compounds having been con- 
sidered, it will be of interest to compare them. All the products, 
however, are not suitable for this purpose, such as the first members 
of the series, which always behave in a different manner from the 
others; for example, ethylic phenylacetate and methylic benzoate 
cannot be compared, for reasons which have already been explained, 
and, in fact, it is doubtful whether ethylic salts should be compared 
with those containing propyl and other higher radicles; any error 
such a procedure may cause will, however, be but small. 
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Substance. . rot. Diff. 
Phenylic propionate ; 0-181 
Ethylic benzoate , 
Phenylic butyrate ‘ 0-112 
Propylic benzoate 
Phenylic cenanthate 
Heptylic benzoate (calc.)...... 
= Octylic benzoate —1°037 x 2 
Propylic benzoate 14873 0:109 
Ethylic phenylacetate 14-982 
Butylic benzoate .......... e- 15°952 0-217 
Ethylic phenylpropionate 16°169 


0°032 


From the above, it is seen that the rotations of the phenol salts are 
a little lower than those of the benzoates; the rotations, however, 
gradually approach each other as the members of the series rise ; this 
is due to the values for each change in composition by CH,, not being 
the same in both cases, but slightly larger in the phenylic salts. In 
the next examples, it will be seen that the rotations of the benzoates 
are a little low er than those of the ethylic salts of phenylacetic and 
phenylpropionic acids, the divergence increasing with the higher 
member of the series. . This is quite consistent, because the increase 
of the rotation for each CH, in the latter compounds is larger than in 
the benzoates. 

Values for phenyl displacing hydrogen in the foregoing three 
series of compounds may be obtained by subtracting from their 
molecular rotations those of the corresponding fatty compounds, 


thus 
Diff. for C,H;, 
Substance. Mol. rot. disp. H. 
Propylic benzoate -- 14873 } 10°409 
Propylic acetate less CH, (5°487—1°023) 4464 
Ethylic phenylpropionate ’ 
Ethylic propionate wit 
Pheuylic propionate inch 


Methylic propionate less CH, (4364— 10°332 


Phenylic onanthate............ todo 
Cinanthylic acid 10371 


Average ceoe cece eccccce 


Some of these values are again referred to (p. 1092). 
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Influence of Etherification on Rotation. 
a-Toluic or Phenylacetic Acid. 


The aromatic acids being solids and most of them fusing at tem- 
peratures too high for rotation determinations, no attempt was made 
to examine a series of these acids ; it was, however, desirable to deter- 
mine the rotation of one of them, and especially to compare it with 
its ethereal salt, in order to see what the influence of etherification 
was in the case of the aromatic acids. For this purpose, phenylacetic 
acid was employed, on account of its being easily soluble in ethylic 
benzoate, a convenient liquid to determine its rotation in, and unlikely 
to influence it chemically ; the specific rotation of this solvent, also, 
differs but little from that of the acid. 

The following is a comparison of the rotation of the acid with 
that of its ethereal salt. 


Mol. rotation of ethylic phenylacetate.... 14°982 
9 phenylacetic acid 


C,H, disp. H 


This change in rotation for etherification is larger than that in the 
fatty series ; for example, in the case of propionic acid, with which 


this is, perhaps, most nearly comparable, it amounts to 2°000, so 
that in the aromatic series it is about 12°5 per cent. larger than in 
the fatty series. 

By comparing the rotation of this acid with that of ethylbenzene, 
the effect of the carboxyl group when displacing methyl in the latter 
will be seen, the substances being thus related. 


C,H;'CH.°CH; and C,H;° CH,-COOH. 


Mol. rotation of ethylbenzene 13°414 
- phenylaceticacid.... 12°743 


Diff. for COOH disp. CH;.. 0°671 


From this it is evident that the carboxyl group when displacing 
methyl reduces the rotation considerably. In the fatty series, there is 
also a reduction, but it only amounts to about one-sixth of the above 
(the rotation of heptane minus that of cnanthylic acid gives 0°117) ; 
this want of agreement may be due to the influence of the phenyl, 
which is only partially screened off by the CH, group in union with 
it, thus affecting the methyl in the hydrocarbon, although it would 
not influence the COOH group in the acid. 

A value may be obtained for the phenyl in this acid by subtracting 
the rotation of acetic acid from its rotation; this gives 10°218, but if 


1080 PERKIN: MAGNETIC ROTATORY POWER, 


that of propionic acid, minus the value of CH;, be employed, it is 
10°309, which, probably, is the more accurate of the two. 


Mixed Oxides containing Phenyl and Alcohol Radicles. 


The following table gives a list of the substances examined and the 
results obtained. 


Substance. Mol. rot. Diff. for CH. 
Phenyl methyl! oxide 1171 
Phenyl ethyl oxide 1-058 
Pheny] propyl! oxide 
Phenyl] isopropy] oxide 16:201 5)5°259 
Phenyl isobutyl oxide ...... vant » 1052 
Phenyl octyl oxide 21-446 


The average value for CH, between the propyl and octyl compounds 
is 1-052. 

In the first comparison between the methyl and ethyl compounds, 
the difference is larger than in the succeeding ones. No series of 
fatty oxides has been examined with which ‘the foregoing can be 
compared, but if the alcohols which are closely related to these com- 
pounds be employed for this purpose, a certain analogy in the differ- 


ence is found. 


Substance. Mol. rot. Diff. for CH:. 
Methylic alcohol 
1:140 
Ethylic alcohol......... eeece 
Propylic alcohol 


Octylic alcohol 


From this table it is seen that a considerably larger difference | 
exists between the two first members of this series than in the 
succeeding cases, just as there is between the two first mixed oxides. 

It is curious that the isopropyl and propyl derivatives yield the 
same numbers, because iso-compounds usually give higher results 
than normal compounds. Their deusities are also equal, so that if it 
were not that their boiling points differed, it might be thought that 
the iso-compound had changed over to the normal during its pre- 
paration. If, however, a comparison be made between the propy! 
and isobutyl compounds, a difference of 1°145 is found to exist; this 
is 0°093 higher than the average difference for CH, namely, 1:052, 
so that in this instance the iso-group exerts its ordinary influence by 
raising the rotation. 

The boiling points of this series of compounds are as follows. 
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| Diff for 


Substance. B. p. CH.. Iso-group. 


Phenyl methyl oxide 153 -9° 


Phenyl propyl oxide..........+..++++| 189°3 } 
Phenyl isopropyl oxide ........... 177°3 


Phenyl isobutyl oxide .........+.++++| 199°9 


Phenyl ethyl oxide............++20+-] 1703 
+ 
| 
} 
r 
| 
| 
J 


Phenyl octyl oxide .....e.e-+eeeeeess| 285°2 


The relative densities are as follows. 


Diff. for 


Substance. iso-group. 


Phenyl methyl oxide ......++....+.+.| 0°9988 
Phenyl ethyl oxide...........+0+00+.| 0°9702 
Phenyl propyl oxide .......eseeeeese re 
Phenyl isopropyl oxide ........-.....| 0°9464 5)0-0393 
Phenyl isobutyl oxide .............+.| 0°9331 0 0079 


Phenyl octyl oxide ........eeeceeeeee| 0°9187 


In Fig. 19 the results given in the three foregoing tables are repre- 
sented graphically, and it will be seen, as in the previous cases, that 
when a variation occurs in the rotations, a corresponding variation is 
usually found in the boiling points and densities. 


Hydrocarbons containing Phenyl. 


The following table contains a list of the substances examined 
which contain one phenyl group, and also the results obtained in 
their investigation. 

The first difference in this table is an exceptional one, and not 
comparable with the others, as it is due to the introduction of a fatty 
group into the benzene ring; this interferes with its symmetry, and 
may slightly influence the rotation of the nucleus itself; moreover, dis- 
placement of hydrogen by methyl, except when iso-compounds are 
formed, often influences the rotation to a smaller extent than is 


caused by the addition of a CH; group. 


PERKIN: MAGNETIC ROTATORY POWER, 


Substance. | Mol. rot. | On. Diff. for 


iso-group. 


Benzene 11284 
Sa eeiSsdice svede deshee 00 sOes 12 °157 
Ethylbenzene...........ssceccccseee| 19°414 
PUORTIOONMIND 6. 05:00, 4:0,55,00 09 600bbe ed 14 °553 


Isopropylbenzene (cumene) 14°633 
Isobutylbenzene.....6.....seeeeeee+e| 15°615 


On examining the constitution of ethylbenzene and propylbenzene, 
it is seen how the different groups are related in these substances. 


C.H; | CH, | CH, ‘O.H; | CH, | CH; | CH; 
Ethylbenzene. Propylbenzene. 


Taking toluene as the initial product from which to consider the 
other differences, it is seen from the above table that the first intro- 
duction of CH, in direct union with the nucleus, influences the rota- 
tion to a larger extent than the second. 

In the rotation of cumene, the existence of the iso-group is clearly 
indicated, the value obtained being higher than it is in propyl- 
benzene, thus confirming the recent work on cumene, showing*that it _ 
contains the isopropyl group. Isobutylbenzene does not appear, at 
first sight, to show the existence of this group, but this may be due 
to the phenyl and methyl groups not exerting so great an influence 
on each other, on account of their being further apart; the examina- 
tion of butylbenzene would show if this were so. It would also be 
desirable to re-examine isobutylbenzene prepared by the hydrolysis 
of a salt of one of its sulphonic acids, as the purity of these compounds 
prepared by ordinary methods appears to become more doubtful as 
the size of the paraffinoid group increases. 

In the following table, the boiling points and densities of these 
hydrocarbons are given with their differences. 

Both in the boiling points and the densities, there are marked irre- 
gularities in this series, and the same is the case in the magnetic 
rotations. 

In Fig. 20, the results contained in the foregoing tables are plotted 
out, and show the somewhat striking differences found in connection 
with the three properties to which they relate. From this it is seen 
that the line connecting the rotation of benzene with that of toluene 
is in the opposite direction to that connecting the rotations of the 
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next two hydrocarbons. The direction the line between ethylbenzene 
and propylbenzene takes also increases in curvature, and probably 
would do so much more rapidly for butylbenzene, which should have 
a lower rotation than the isobutyl compound. 


Diff. for ojp Re 
Substance. | B. p. CH,. d 15°/15°. 


pee rere ne 80°3° 0 °8853 


Ethylbenzene ......... 185 °5 0 °8730 
Propylbenzene ........ 159 °2 0 °8668 
Isopropylbenzene 152 °9 0°8668 


1 
is, naiictledins 110°6 0 °8728 \ 


Isobutylbenzene 169 °2 0°8714 


The boiling points of the three highest hydrocarbons are practically 
included in a straight line, but that of benzene is situated some dis- 
tance from this, as shown by the dotted line. The densities, how- 
ever, are the most striking, especially on comparing those of toluene 
and ethylbenzene, where the connecting line between them takes a 
slightly downward direction, instead of being upward as in the other 
instances. It is remarkable that the densities and expansions of 
normal and isopropylbenzene should be identical. 

That the boiling point of isopropylbenzene is lower than that of 
the normal compound is what might have been expected, and that 
benzene should differ considerably in its physical properties from the 
other hydrocarbons of the series is not remarkable, because, unlike 
them, it does not contain any paraffinoid group. 

By dividing the molecular rotation of benzene by six, a value, 
1880, is obtained for CH; this is very much in excess of that found 
in the paraffins (0°769). 


Hydrindene (Synthetical). 
This hydrocarbon, which is a trimethylenebenzene, 


CH, 
CHi<oq'> CH: 
has the same composition as allylbenzene, C;sH;;CH:CH-CH,, but in 
the first the addition to the benzene is made up of a closed chain of 
saturated groups, whilst in the second it consists of an unsaturated 
open chain. The difference between the rotations of these compounds 
is very striking. 
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Allylbenzene ........ 
Hydrindene 


showing how strongly magnetic rotations indicate such changes of 
constitution. 

Hydrindene differs from propylbenzene in containing H, less. If, 
therefore, the value of this be deducted from the rotation of the 
latter, a comparison can be made, thus 


14°045 
Hydrindene ........6. 13-928 


Difference 0°117 


The want of agreement is not so large considering the difference in 
structure of the two hydrocarbons, so that probably there is nothing 
abnormal in the rotation of this compound. 

It will be of interest here to consider the rotation of benzene in 
relation to that of a saturated ring compound. From the numbers 
obtained from the substances of this nature discovered by W. H. 
Perkin, jun., the rotation of hexahydrobenzene would be about six 
times that of the usual value for CH, found in the fatty series, or 
1:023 x 6 = 6138. 

Another and more trustworthy estimate may be obtained from the 
rotation of cis-hexahydro-orthotoluic acid, methylhexamethylene- 
carboxylic acid (obtained by P. C. Freer and W. H. Perkin, jun., 
Trans., 1888, 53, 209), and orthotoluic acid; the difference between 
them should give that for the H, by which they differ, thus 


Orthotoluic acid, estimated from the ethereal salt.. 12°826 
Hexahydro-orthotoluic acid 


Difference for H, 


This subtracted from benzene should then give a value for C,H. 


CeHie.. esse -- 6433 


This is not far from the first rough estimate given. 
As already pointed out (Trans., 1895, 6'7, 263), the rotation of 
benzene is higher than that of dipropargyl by 0°845. 


OO of & et OOS eH te AM ee BO 
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In the open chain hydrocarbons, the difference in rotation for the 
loss of H, increases each time it is repeated; thus, starting with 
hexane they are 0°827, 0°947, 0°955, and 1°045 vespectively, and it is 
possible that something of the same kind will be found to exist 
between the different hydrobenzenes, though probably that between 
benzene and dihydrobenzene would be the largest, because, as it would 
be the first conversion of -CH:CH- into -—CH,°CH,-, it would have 
the initial effect of destroying the uniformity of the ring formation. 

The difference of rotation due to the unsaturation of hexahydro- 
benzene by loss of H, and consequent conversion into benzene, appears 
to give an increase of about 4°851. This is much greater than that 
in the open chain compounds, as shown by comparing hexylene and 
dipropargyl, where it amounts to only 2°962. 

With respect to the value of phenyl in benzene, the data for its 
estimation are somewhat uncertain, because the value of hydrogen in 
the aromatic series is not known with certainty. If it has the ordinary 
value of 0°254, which is most probably the case, this when subtracted 
will give 11:030 as the value of O,H;; this, no doubt, will be very 
near the truth, and on again subtracting 0°254 (the value of H) from 
this, 10°776 will be obtained as representing C,H; when displacing 
hydrogen. This is a higher value than in any of the foregoing 
oxygenated compounds, although near that in ethylic phenylpro- 
pionate, which is 10°717; this is interesting, because it shows that as 
the CH, groups accumulate between the nucleus and the carbonyl, 
the influence of the latter on the rotation diminishes, and the pheny] 
gradually attains the same influence that it has in benzene. 


Mono-, Di-, and Tri-phenylmethanes, Dibenzyl and Diphenyl. 


The rotation of phenylmethane, or toluene, has already been 
referred to, but it will have to be considered again in reference to the 
other members of this series. 

In the following table, the list of these hydrocarbons is carried on 
to tetraphenylmethane, which is at present unknown, the rotation of 
this substance having been estimated by continuing the curve formed 
by the differences found for the other members of this series when C,H; 
displaces hydrogen. This will probably give a moderately accurate 
idea of its rotation, and will be of interest for comparison sake. 
The rotation of methane has also had to be estimated, thus: C = 515 
+ H,, 1016 = 0254 = 1:531. This is, however, probably either a 
little higher or lower than the true value, as it is the first member of 
the series of paraffins; the error, however, is not likely to be large. 
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Diff. for C.H;, 
Substance. . rote disp. H. 


Methane (calc.) ¢ 10°626 
Phenylmethane (toluene) 12°157) 11°688 
Diphenylmethane ...... peed | 12'166 
Triphenylmethane 36°011 } 12-247 
Tetraphenylmethane.... 48258 

C,H; disp. H = Average ........ 11°682 


From this table it is seen that the difference increases considerably 
for each succeeding C,H; as it displaces hydrogen in methane, 
assuming that the carbon and hydrogen of the methane residues remain 
of the usual value found in the paraffins ; this, however, is improb- 
able, because in ethylbenzene it is seen that the influence of CH, 
when in union with the nucleus increases the rotation by 1°257 
instead of 1:023, or 0°234 more, and, therefore, if associated with two 
phenyls, as in diphenylmethane, it is probable that there would be 
twice this increase, or 0°468, making 1:491. These differences for 
C,H; displacing hydrogen are evidently not quite ar rnerans being 
apparent only, and not real. 


Dibenzyl or Diphenylethane. 


This substance is of interest on account of its relationship to 
diphenylmethane, differing from it simply by containing two CH, 
groups instead of one, thus 

C.H,'CH,°C,H; C.H;'CH.CH."C,H; 
X J = J 


Diphenylmethane. Dibenzyl. 
The relationship of their rotations is as follows 


Molecular rotation of dibenzyl.......... 24977 
, o diphenylmethane .. 23845 


Diff. for CH,....0.... 1182 


This is less than that found in the case of diphenylmethane, but 
is what might be expected, because in dibenzyl each phenyl is 
attached to a CH, group, whereas in diphenylmethane both phenyls 
are united to one CH, group, and, therefore, it is much more 
influenced by them; they are also not so far apart, and for this 
reason their influence is also likely to be greater. The apparent value 
of the CH, in dibenzyl will be about the average of that calculated 
from diphenylmethane and the above, namely, 1°491 and 1°132, or 
1311. 

From the results obtained with the phenylmethanes and dibenzy]l, 
it is seen that the value of phenyl increases as the number of mole- 
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cules accumulate, evidently influencing each other, as well as the 
fatty groups associated with them. 


Diphenyl. 

This substance is an interesting example of the manner in which 
two phenyl groups influence each other when in direct union, thus 

The molecular rotation of diphenyl is 25°304 + 2 = 12°652; the 
latter number represents phenyl, and if from this the value of 
hydrogen in a fatty compound be taken, namely, 0°254, the number 
12398 is obtained as the value of this group when displacing 
hydrogen ina compound. This, it will be noticed, is larger than that 
found for phenyl in any compound where it is kept separate by inter- 
vening fatty groups. 

A comparison with the most nearly related substance, diphenyl- 
methane, will show this. 


Molecular rotation of diphenyl.......... 25°304 
- - diphenylmethane .. 23°845 


Thus it is seen that, notwithstanding diphenylmethane contains 
CH, more than diphenyl, its rotation is considerably the smaller of 
the two. 

Diphenyl may be looked upon as benzene in which hydrogen is 
displaced by phenyl; when regarded from this point of view, we 

et 
‘ Molecular rotation of diphenyl 
“i - benzene 


C,H; disp. H in benzene 


The largeness of this number shows that this method of calculating 
the value of phenyl in this compound is evidently incorrect, and that 
the numbers obtained for consecutive displacements found in this 
way for phenyl in diphenyl, or in such compounds as the phenyl- 
methanes, must not be regarded as its actual] value in such com- 
pounds, but the average must be taken; for it appears evident 
that in each of the compounds, diphenyl, diphenylmethane, and tri- 
phenylmethane, the phenyl groups must have equal values; thus, in 
diphenyl they will both be 12°652, in diphenylmethane 11-157, and 
in triphenylmethane each of them will be 11°493. This only refers, 
of course, to cases where the phenyl groups are similarly situated, but 
where the relationships of the groups are different from each other, 
as, for example, in such a compound as benzylaniline, the pheny] 
groups will have different values, so that it is evident that phenyl 
groups when directly united influence each other in such a way that 
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the resultant product has a larger rotation than that of the two groups 
when separated. 


Naphthalene, Phenanthrene, and Acenaphthene. 


One of the points of interest connected with naphthalene and 
phenanthrene is their relationship to benzene, because they are con- 
stituted of two and three condensed nuclei, their starting point being 
the benzene nucleus itself. It would have been more satisfactory if 
the rotation of anthracene could have been also determined, but this 
hitherto has not been found possible, on account of its sparing solu- 
bility in all suitable solvents and its high fusing point, the relation- 
ship between this and naphthalene being strictly comparable with 
that between benzene and naphthalene ; these three compounds being 
represented thus 


A\A/N\~“\ 


feeet 28 
\4 a te Gy ~~ 
fiw 


whereas phenanthrene is Aor aa 


\Z4 


and therefore is not quite so suitable for the purpose of comparison. 
In the following table, the composition, rotation, and differences 
are given for the three hydrocarbons. 


Diff. in Diff. for 
Substance. composition. Mol. rot. C,H. 


Phenanthrene.... CuHio C.H. 36°959 evs 
Naphthalene .... CyHs CH. 25°125 em 
Benzene C.H. we 11284 


From this, it is seen that the addition of C,H;, or rather the dis- 
placement of H, by -CH:CH:CH:CH- (which, being two-thirds of 
~ benzene, has a rotation in that compound of 7°522), has, when intro- 
duced into the benzene nucleus so as to form naphthalene, caused the 
latter to have a rotation more than twice that of benzene itself. 
This rotation is also nearly as high as that of diphenyl (25°304), 
which contains two benzene nuclei, and therefore C.H, more. The 
second introduction of -CH:CH:CH:CH-, so as to produce phenan- 
threne, again has a remarkably great influence, althongh not quite so 
large as the first; probably in anthracene it would be found to be 
quite as large, because usually the influence of these large aromatic 
groups increases as they are repeated. ; 
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The rotation of phenanthrene is even higher than that of triphenyl- 
methane (36°011), although the latter contains three benzene nuclei, 
and also C;H, more in its composition. This shows how much more the 
closer kind of association which exists in naphthalene and phenan- 
threne affects the rotation than the simple single union of benzene 
nuclei, either directly with one another or with the intervention of a 
saturated monocarbon group. 

Acenaphthene differs from naphthalene by containing the double 
methylene group, -CH,°CH,-, displacing two hydrogens, one in each 


nucleus. 
CH,-C H, 


a@ ae 
AVA \A\7 
Their rotations are— 


Molecular rotation of acenaphthene . 28°636 
naphthalene ...... 25°125 


” ” 


-CH,’CH.- disp. H, eeeeveeeseereeeeresee 2)3°511 
1-755 


This difference for CH, displacing H shows that the influence of 


these groups, when united to naphthalene, is augmented more than 
in dibenzyl, where they are 2°622 instead of the ordinary amount 
of 2046 found in the fatty series. 

Acenaphthene is isomeric with diphenyl, but their rotations differ 
considerably ; thus 


Molecular rotation of acenaphthene...... 28°636 
” - diphenyl.......... 25°304 


This is a very striking difference, and is a good example of the 
way magnetic rotations are influenced by variations in structure. 

The consideration of the other hydrocarbons examined will be 
found further on, in connection with the subject of position, namely, 
that of cymene and indene, whilst that of cinnamene, allylbenzene, 
butenylbenzene, and stilbene are considered in connection with 
unsaturated compounds. 


The Effect of Hydroxylic Displacement in Benzene and Toluene. 


The displacement of an atom of hydrogen in benzene by hydroxyl 
has the effect of modifying its rotation in the same direction as a 
similar displacement affects the paraffins, namely, in increasing it, 
but in the present case the change is much greater, thus 

VOL. LXIx. 4p 
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Molecular rotation of phenol............ 
“ - benzene 


Diff. for disp. of H by OH 
In the paraffin series it is 


Molecular rotation of heptylic alcohol .... 
. i heptane 


Diff. for disp. of H by OH ........ 07181 


When the hydroxylic hydrogen of phenol is displaced by methyl, a 
further large rise in rotation, considering the change in composition, 
takes place, thus 


Molecular rotation of phenyl methyl oxide 13°958 


9 ”? 


Diff. for CH; disp, H 


By displacing hydrogen in the methyl of toluene by hydroxy], 
thus forming benzylic alcohol, a much smaller change of rotation 
occurs than in the case of the formation of phenol, thus 


Molecular rotation of benzylic alcohol.... 12°400 
- ea _ toluene 


Diff. for disp. of H by OH; 


By displacing the hydroxylic hydrogen in this alcohol, the follow- 
ing change in rotation takes place. 


Molecular rotation of benzyl methyl oxide 13°417 
09 a benzylic alcohol.... 12°400 


Diff. for disp. of H by CH; 


In the last two cases, the numbers closely correspond with those 
obtained in the paraffin series, being, in the case of the alcohol, only 
0°062 higher, and, in the case of the oxide, about 0°10 higher. 

The cause of this difference between phenol and benzylic alcohol 
illustrates what has already been referred to in connection with 
other compounds, in respect of the influence which phenyl and other 
groups have on the rotation, when in direct union, or separated by 
intervening groups. Thus, in the case of phenol, the direct union 
of the hydroxyl with the nucleus gives a rotation which is relatively 
a good deal higher than when a CH, group partially screens them 
from each other, as in benzylic alcohol. This difference in magnetic 
rotation between phenol and benzylic alcohol is also in agreement 
with the widely different chemical properties of the two substances, 
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The consideration of the rotations of the cresols and polyhydroxy- 
benzenes will be found at p. 1127. 


Effect of Carbonyl Displacements on Rotation. 
Benzaldehyde, Acetophenone, Ethyl Phenyl Ketone, and Benzophenone. 


These substances show the influence which C:0 displacing CH, 
has on the rotation of benzenoid hydrocarbons. 
Benzaldehyde gives a lower rotation than toluene, thus 


Molecular rotation of heptane 
” 0 cenanthaldehyde 


On comparing ethylbenzene with acetophenone, a similar difference 
is found, though somewhat larger, thus 


Molecular rotation of ethylbenzene ...... 13°414 
” ” acetophenone...... 12°597 


0-817 


Iu the fatty series we get, in the case of a ketone, a somewhat 
smaller influence than in the case of aldehydes. 


Molecular rotation of octane (calc.)......  8°692 
methyl hexyl ketone 8519 


” ” 


0173 


The rotation of ethyl phenyl ketone is very similar in character to 
that of acetophenone, as is seen on comparing it with propylbenzene, 
thus ; 


Molecular rotation of propylbenzene .... 14°553 
99 - ethyl phenyl ketone 13°635 
0-918 


It is, however, a rather larger difference. 
The following comparison is also of interest :— 


Molecular rotation of ethyl phenyl ketone 13°635 
” acetophenone 


Influence of CH, 
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This difference is very nearly the amount found for CH:, in the 
series of ethereal salts of benzoic acid (1-037), and only a little above 
that found in the fatty series (1023). From the relationship of the 
compounds, this is exactly what might be expected. 

In the fatty series, when a C:0 group displaces CH, in a paraffin, 
the ketone produced has a slightly higher value than the correspond- 
ing aldehyde, as seen above. The reverse occurs in the case of 
benzene hydrocarbons, that is to say, the ketones have a smaller 
value than the corresponding aldehydes. The reason of this is easily 
understood from the following considerations. 

In ethylbenzene, the CH,-group has been seen to have a relatively 
large influence on the rotation, on account of being directly attached 
to the nucleus; the methyl, which is only imperfectly screened from 
the latter, also acts in the same manner, although to a smaller degree. 
On the other hand, the C:O group in ketones, acetophenone for 
example, has apparently about the same value as in fatty compounds, 
and it also screens, in a marked manner, any radicles attached to it 
from the influence of the phenyl. Obviously, then, the high value of 
the CH, group, on becoming displaced by C:O, is Jost, and that of 
the methyl group, also, is reduced, the ketone, as a conseqitence, 
having a value for the rotation a good deal lower than the hydro- 
carbon. 

In toluene, the CH; group apparently has only a small value; 
therefore, on converting it into COH in the formation of benzalde- 
hyde, the loss of rotation is not so great as in the formation of aceto- 
phenone from ethylbenzene. 

With reference to the carbonyl in these compounds, this, instead 
of being increased in value by union with the phenyl, as the alcohol 
radicles are, actually has a reducing influence on the value of the 
phenyl itself; a few examples of the value of phenyl, deduced from 
compounds containing carbonyl in direct union with it, wilk show 
this. Some values obtained from such compounds have already been 
given, namely 


Phenyl] in propylic benzoate 
- phenylic propionate 
The following are estimates for benzaldehyde and the two ketones. 
Molecular rotation of benzaldehyde 
aldehyde—CH, (2°385—1°023) 


>> ” 
Phenyl disp. H 
Molecular rotation of acetophenone 
acetone —CH, (3°514—1-023) 


” 9? 


Phenyl disp. H ...cccsssessee eéeed evcccce 
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Molecular rotation of ethyl phenyl ketone 
ethyl methyl ketone—CH, (4 433— 


”? ” 


The highest value is that given by benzaldehyde, but all are 
evidently low when the average value is considered in relation to the 
value of C,H; displacing H as found in benzene, namely, 10°776 ; 
it is evident, therefore, that carbonyl has a reducing influence on the 
rotation of pbenyl when in union with it. 

Benzophenone.—This ketone differs from those already considered, 
inasmuch as it is devoid of paraffinoid groups, but contains two 
phenyl groups. As compared with its corresponding hydrocarbon, it 
is found to have a lower rotation, just as that of acetophenone is lower 
than that of ethylbenzene and propylbenzene, although the difference 
is not so large as in the case of the monopheny]l ketones, thus 


Molecular rotation of diphenylmethane .. 23°845 
9 m benzophenone .... 23°37] 


If the rotation of benzophenone is compared with that of diphenyl 


a considerable difference is found, thus 


Molecular rotation of diphenyl 


- ss benzophenone 


This is a very large amount, and due to two causes: Firstly, the 
separation of the two phenyls from each other, by the intervention of 
carbonyl, which prevents them from influencing each other as much 
as when they are directly united; this is also seen in the case of 
diphenylmethane. Secondly, the reducing action of carbonyl itself; 
this, however, is not so large as in the case of acetophenone, probably 
because it lies between the two powerfully rotating phenyl groups, 
which, being in such close proximity, overcome the screening in- 
fluence of the CO group slightly, and influence each other. 

Hydrindone.—This compound, which has the following structure, 


CHL<GH>CO, may, perhaps, be referred to in connection with the 
2 
ketones; when compared with hydrindene, its rotation shows— 


Hydrindene 
a-Hydrindone 
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This difference is practically the same as that existing between a 
paraffin and a ketone, but much less than that between ethylbenzene 
and acetophenone, which is 0°817; the rotation therefore confirms 
the constitutional formula. The rotation is very similar to that of 
ethyl phenyl ketone, which contains H, less (13°635), showing that 
the fatty part of the compound is saturated, otherwise the rotation 
would be considerably higher. 


Effect of the Carboxyl Displacements. 


When the aromatic acids and their ethereal salts are compared 
with the benzene hydrocarbons containing the same number of carbon 
atoms, the influence of the carboxyl group becomes evident. The 
effect, however, is complex as in the case of the ketones. 

The only acid which has been examined is phenylacetic acid ; this 
may be compared with ethylbenzene, thus 


: Reduction for disp. of 
Mol. rot. CH, by -COO-. 


Ethylbenzene . 
Phenylacetic acid 


Ethereal salts— 
Ethylbenzene .. 13°414 i 
Methylic benzoate 12°743 
Propylbenzene 14553 
Ethylic benzoate 


Average ....... Coeceseee- . 0682 


The influence of this group, therefore, as might be expected, is very 
similar to that of carbonyl; this will be evident if the value of oxygen 
in the hydroxyl of acids, as found in the fatty series, and by which 
the rotation is increased (Trans., 1884, 45,573) be added to the above 
difference, thus 0°682 + 0°137 = 0°819, which is the same as that 
found on comparing ethylbenzene with acetophenone, but a little 
lower than that between propylbenzene and ethyl phenyl ketone. This 
is no doubt chiefly due to the discrepancy between the methylic and 
ethylic salts found on etherification of the acids; this amounts to 
1:111 or about 0°074 more than the usual value for the difference for 
CH, in this series. 

With reference to the influence of ethyl in the ethylic salts of the 
aromatic acids, see p. 1079. 


Nitro-compounds. 


Nitrobenzene.—The introduction of the NO,-group in the place of 
hydrogen in benzene modifies the rotation in a remarkable manner, 
thus 
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Molecular rotation of benzene...... 11°284 
= i nitrobenzene .. 9°361 


Reduction due to disp.of H by NO,.. 1:923 


This group, therefore, instead of increasing the rotation by 0°229, 
the value of NO, when displacing hydrogen in the paraffin series, has 
actually reduced it by nearly 2°000; it is even less than the rotation 
of the open chain hydrocarbon dipropargy] (see Trans., 1889, 55, 728). 

The reducing influence of the NO,-group has been already referred 
to in the case of chloropicrin, which has a lower rotation than chloro- 
form by 0°175 (Trans., 1889, 55, 347). 

It will be convenient here to consider the other nitro-compounds 
which have been examined, as they are few in number, leaving the 
subject of position which is involved in them to be discussed further 
on. 

Metadinitrobenzene. 


The following shows the effect of introducing a second NO, group 
into benzene in the meta-position. 


Molecular rotation of metadinitrobenzene.. 9°647 
” nitrobenzene 


SONS <. $odb0s o0deee 0°286 


This second displacement has not further reduced the rotation of 
the compound, but increased it; so that it would appear that the first 
displacement acts in changing the type of the substance, after which 
further displacements have a more normal influence. It is difficult to 
estimate the value of the above increase, because the subject of posi- 
tion in dinitro-compounds is not known. The ortho-compound prob- 
ably would have a higher rotation. 


Ortho- and Para-nitrotoluenes. 


The nitro-group, when displacing hydrogen in toluene, acts in an 
analogous way to what it does in benzeve, thus 


Molecular rotation of toluene .......... 12°157 
J ~~ paranitrotoluene... 10°214 
Reduction 
Molecular rotation of toluene 
" - orthonitrotoluene .. 10°806 
Reduction 


In both cases a considerable reduction in rotation occurs, that in 
the para-compound being similar to what it is in nitrobenzene. The 
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difference in the variations between them is due to the influence of 
position. 
Nitronaphthalene. 
On comparing the rotation of this with the hydrocarbon it will be 
seen that a reduction occurs more than twice as large as that in nitro- 


benzene. 
Molecular rotation of naphthalene....... 
a-nitronaphthalene .. 


9 ” 


Reduction 
From the amount of this reduction, it would appear that both nuclei 
are effected by this displacement. 
No other nitro-derivative of this hydrocarbon has been examined. 
Nitriles. 
In the fatty series, the rotations of the nitriles are lower than 
those of the corresponding hydrocarbons, thus 


Propane, C,H, 

Propionitrile, C,HsCN.... 

Pentane, C;H,. 5°638 2)0°502 
Glutaronitrile,C;H,(CN).. - 5°136 0°251 


In both these cases the influence is very similar. 
If the two nitriles be compared with the two ethereal salts of the 
acids they represent, they also show similar differences, thus 
Diff. 
Ethylic propionate ‘ ’ 
Propionitrile ...........: —_ 
Ethylic glutarate 9°356 2)4°220 
Glutaronitrile 5°136 2°110 
There are two aromatic nitriles which have been examined, and 
with which similar comparisons to the above may be made, namely, 
benzonitrile and orthotoluonitrile. The latter being an ortho-com- 
pound will behave in nearly the same manner as a phenyl compound, 
in which position does not come into play (see p. 1134). 
Mol. rot. Diff. 


0°300 


Ethylbenzene .......... : 13 . 
Orthotoluonitrile 0-434 
Ethylic benzoate........ ‘ 1:997 
Benzonitrile..........-. 

Ethylic orthotoluate .... 06 ' 
Orthotoluonitrile aes 
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It is seen from these comparisons that the differences are very 
similar to those in the fatty series, being a little larger on comparing 
them with the hydrocarbons, and a trifle lower when comparing them 
with the ethereal salts; this is probably due to the influence of the 
C,H; group in the former being slightly higher than in the latter. 

There is also another nitrile which has been examined, and would 
have been expected to give results even more like those of the fatty 
series than the foregoing, namely, benzylic cyanide; curiously, how- 
ever, this is not the case, thus 

Mol. rot. Diff. 
Ethylbenzene : 13°414 } 0-942 
Benzylic cyanide 12°472 
Ethylic phenylacetate. e-- 14982 \ 2-510 
Benzylic cyanide 12°472 

In both these cases, the differences are considerably larger. It is 
true that benzyl compounds often give lower rotations than the 
corresponding toluene derivatives, but this varies with circumstances, 
and in the related ethereal salts of this series it is found that the 
rotations are nearly the same, thus 


Mol. rot. Diff. 
Ethylic orthotoluate eeee 15°065 } 0-083 


Ethylic phenylacetate.... 14°982 


whereas in the corresponding nitriles, where an analogous differ- 
ence might be expected, there is a considerable variation in the rota- 


tions of the compounds. 
Mol. rot. Diff. 


Orthotoluonitrile........ 12°980 0-508 
Benzylic cyanide........ 12°472 


So that there appears to be something anomalous in benzylic 
cyanide. 
In the naphthalene series, one comparison in respect to the a-nitrile 


may be made. 
Mol. rot. Diff. 


Ethylic a-naphthoate.... 27°141 } 9-353 
a-naphthonitrile. 24°788 


This difference is about 0°3 higher than in the case of ethylic 
orthotoluate and its nitrile, but in the naphthalene series the differ- 
ences are usually larger than in the benzene series; this result, there- 
fore, would indicate that the rotation of a-naphthonitrile is about 
normal. : 

It is remarkable that nitrogen, when in union with carbon as —C:N, 
should behave in the manner it does, both in the fatty and aromatic 
series, having in both a considerably smaller influence than when in 


” 
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the form of NH, and united to carbon, this being especially seen in 
the aromatic series where its influence is so very great. When in 


— 


union with carbon, as N< it is also found to have a large influence, 


as in azoimide, but it must be remembered that the chemical character 
of the cyanides is quite opposite to that of the amines. 

Phenylazoimide, C-sH;N3—The rotation of this substance can be 
compared with that of benzene, as it represents this hydrocarbon with 
hydrogen displaced by N;, thus 


Molecular rotation of phenylazoimide.... 14°769 
” ” benzene .......++- 11284 


Me ones Wiieccctes . 


AI IT atpiaitieaceiten tan 
1-246 


The influence of nitrogen in the fatty series is only about 0°611, or 
in bases 0°717, so that it is evident that its influence in this kind of 
compound is to raise the rotation. In the case of aniline, as will be 
seen further on, the nitrogen united to the phenyl and hydrogen acts 
in the same manner, but to a very much greater extent, and it is very 
likely that in this compound the nitrogen directly attached to the 
phenyl may be the chief cause of this rise in rotation (see Phenyl- 
hydrazine). Assuming the other two to have the ordinary influence 
of 0°611, this one attached to the phenyl would have that of 2°253. 


Monamines and their Derivatives. 


Aniline and its Methyl, Ethyl, and other Derivatives. 


It has already been shown that when nitrogen is directly united 
with phenyl, as in phenylazoimide, its influence causes the rotation 
to be high; this effect is, however, remarkably enhanced when the 
nitrogen is in union, not only with phenyl but also with hydrogen, as 
is the case in aniline; the following comparison will show this. 


Molecular rotation of aniline ...... 16°076 
- = benzene...... 11°284 


Effect of NH, disp. H....... en pega 4792 


This difference is nearly five times as great as in the paraffin 
series, where it is only 0°971. Taking this in another way, which 
assumes that the increase is in the C,H; group, the following result 
is obtained. 
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Molecular rotation of aniline........ 
Less ammonia ..... 


C,H, disp. H.....cccccees ein ein 14258 


This gives an impossible number for phenyl, because even in 
diphenyl] it only amounts to 12°658 ; it is evident, therefore, that this 
very large rotation must be due either to an enormously increased 
influence of the NH, alone, which also is unlikely, or else to its joint 
effect with that of the C,H; group. 

This remarkable rise due to the substitution of hydrogen by NH, is, 
however, greatly surpassed by the introduction of N(CH;)H and 
N(CHs), in its place, as is seen from the following table. 

Diff. for CHs, 
Substance. . rot. disp. H. 
Aniline ’ 
Methylaniline 7 
Dimethylaniline .... 22'888 3°264 


Now, in this instance, the increase for the change in composition 
caused by the displacement of one or two hydrogen atoms by methyl 
is considerably more than three times that ordinarily produced. 

In the case of ethyl displacements, the following table shows the 
influence of this group when displacing hydrogen. 

Diff. for C,H,;,, 
Substance. 
Aniline... 
Ethylaniline 
Diethylaniline 


Here again a very large increase in rotation for the change in com- 
position, due to the displacement of hydrogen by ethyl, is seen, 
amounting to more than twice the usual amount. It is of interest 
here to notice the different effects produced by methyl and ethyl on 
the rotations, because the latter are proportionally smaller than the 
former. The following comparisons show this. 


lst diff. for C,H; ond ae . 
‘ n 3-548 0°943 diff. for CH. 


2nd diff. for C,H, —\ penne 
” ” CH; si ee es 3264 1°332 diff. for CH). 


Average ...... 1:137 


These results show that the mono-carbon group directly united to 
the nitrogen, influences the rotation toa much larger extent than that 
indirectly atiached, for the second carbon group in ethyl averages in 
these examples not very much more than that usually found for CH, 
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when displacing H. This snggests, again, that this effect is caused 
by its being partially screened off, by the first carbon group, from the 
direct influence of the phenyl and nitrogen. 

To better realise the enormous increase that takes place in the 
rotation when the hydrogen of benzene is displaced by N(CH;). or 
N(C.H;)., the following comparisons have been made. 


Molecular rotation of dimethylaniline.... 
in ” benzene 


N(CH;), disp. H 


This difference, calculated from the probable rotation of dimethyl- 
amine, would be only about 3°108, whereas the above is nearly four 
times that amount. 

Molecular rotation of diethylaniline .... 25°163 
‘on - benzene 


N(C.H;)2 disp. H ......... --- 13°879 


This difference, if calculated from diethylamine, would be only 
about 5°154, whereas it is nearly three times the amount. 


Before considering any other derivatives of aniline, it will be as 
well to compare the differences existing between the methyl- and 
ethyl-anilines with those found in the case of fatty amines. As the 
methylamines have not been measured, the comparisons in the latter 
case must be made between the ethyl- and propyl-amines (Trans., 
1889, 55, 729—730). 


Substance. . rot. Diff. for CH,. 
Ethylaniline . , 
Methylaniline 19°624 | — 
Diethylaniline 25°163 2)2°275 
Dimethylaniline 22-888 1-137 
Dipropylamine 7549 } 2)1°887 
Diethylamine 5°662 0°943 
Tripropylamine ...... .. 11°664 3)3°146 
Triethylamine 8°518 1:049 


In both the aromatic and fatty series, a similar kind of progression 
exists, the second differences being larger than the first, and it is 
again seen that the largeness of the rotation of the ethylanilines is 
not due to the second carbon groups, but to the first, which are in 
direct union with the nitrogen as in the methylanilines. This relation 
might have been even closer, if the strictly correct comparisons above 
referred to could have been made. ll these differences refer to the 
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CH, not in direct union with the nitrogen, and it is seen how close 
the analogy is which exists between them. 

The results obtained with methyldiphenylamine are of considerable 
interest. The rotation of this compound is very high indeed, but 
this might have been anticipated, because, if the rotation of aniline 
be considerably increased beyond the amount calculated for change 
of composition by the displacement of its hydrogen by methyl, it is 
only to be expected that a similar, but larger, effect would result 
from a displacement by phenyl. 

It will be best to compare this substance with methylaniline, thus 


Molecular rotation of methyldiphenylamine .. 34878 
” ” methylaniline 


Effect of C,H; disp. H .. 


From this it will be seen that the introduction of phenyl increases 
the rotation by no less than 15°254, which, as in the case of methyl 
in methylaniline, is much above its usual influence, that of phenyl 
displacing hydrogen as estimated from benzene being only 10°746, or 
even in diphenyl 12398. 

From these results, it is evident that the differences shown in the 
tables connected with aniline and its derivatives are not real values 
for CH,, &c., but show the influence of the introduction of the 
various groups on the rotation of the products as a whole. The 
results are very remarkable and striking. 

When considering the rotation of the phenylmethanes, it was 
observed that the monocarbon group they contain, as in many other 
cases, screens off the phenyl groups, to some extent, from the 
influence they have on each other if united, it being shown that 
diphenyl has a larger rotation than diphenylmethane, notwithstand- 
ing the latter contains CH, more than the former. It is, therefore, 
interesting to see how the nitrogen group NH behaves when stand- 
ing in the same position as the CH, of diphenylmethane. This 
occurs in the case of diphenylamine. The following formule show 
these relationships. 


wm 


Nick AC 
) Ea $ | y 


Diphenylmethane. Diphenylamine. 


As diphenylamine has a high fusing point, it could not be 
examined, but its rotation can be found, with moderate accutacy, by 
subtracting from methyldiphenylamine the difference due to the 
displacement of hydrogen in aniline by methyl, thus 
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Methyldiphenylamine 
Less influence of CH; disp. H in methyl- 
aniline 


Estimated rotation of diphenylamine .... 31°330 


The following shows the relationship of this base to dipheny]l- 
methane and also the influence of NH, thus 


Molecular rotation of diphenylamine .... 31°330 
diphenylmethane ..  23°845 


”? ” 


Difference between NH and CH, 7485 
Plus CH, in diphenylmethane .......... 1257 


8°742 

This is not very much less than twice the influence of NH in 
aniline (4°792). 

Now, the ordinary influence of NH (or NH, disp. H) is 0-971, which 
is less than one-seventh of the above, consequently this group does 
not act as a screen merely, as CH, does to a great extent, but causes a 
large augmentation of the rotation. If the effect of CH, displacing 
hydrogen in aniline be added to the above estimate of the influence 
of NH in diphenylamine, that of N(CH;) in methyldiphenylamine 
ean be found, thus: 8750 + 3540 = 12290. This is a very 
remarkable result. 

It is impossible to believe that the NH group itself can have risen 
in rotation from 0°971 to 8°750, or that the NH(CH;) has become 
12°290, but it seems evident that the whole molecules of these two 
bases must have increased in rotatory power. 

It is interesting to notice the effect of introducing CH, between 
the nitrogen and one of the phenyls in diphenylmethane. This 
occurs in the case of benzylaniline, and shows clearly the screening 
influence of this group, thus . 

Molecular rotation of diphenylamine .... 31°330 
benzylaniline .... 31°295 


0-045 


So that although it contains CH, more its rotation is smaller. 
These two bases and methydiphenylamine are related, thus 


” ”? 


ages 
= 


in a 
> pee 


Diphenylmethane. Benzylaniline. § Methyldiphenylamine, 
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Benzylaniline is also interesting in connection with its isomer, 
methyldiphenylamine; their rotations differ as follows. 


Methyldiphenylamine 34878 
Benzylaniline .. 31°295 


3°583 
The extent of the differences between these bases is partially 
owing to the methyl group in methyldiphenylamine having a very 
large influence, such as it has in methylaniline, and also to the 
screening influence of the CH, group in benzylaniline keeping the 
rotation of this base low. 


Benzylamine and Dibenzylamine. 


The screening effect of the CH, group in bases has been referred to 
above in the case of benzylaniline. The following additional 
examples give confirmatory evidence of this. 

Diff. for 
Molecular rotation of toluene...... 12157) 1-489, NH, disp. H. 


m ” benzylamine. . es 12233, CH,C,H, disp. 
- oi dibenzylamine 25°879 : 

From the first comparison, it is seen how greatly the intervention 
of CH, in benzylamine, acting as a screen between the C,H; and 
NH,, affects the rotation, for, in the case of aniline, the influence of 
the NH, group displacing H amounts to 4°792, and a very similar 
result is obtained on comparing the toluidines with toluene. This 
difference of 1°489, however, is higher than that found in the fatty 
series (0°971), so that the screening effect is not perfect; it is, how- 
ever, very strongly marked. In the case of the comparison of mono- 
with di-benzylamine, the difference for the influence of the second 
CH,’C,.H; displacing hydrogen is only 12°233, whilst that of phenyl 
in methyldiphenylamine is 15°254, although containing CH, less. 
This second group, however, as it exists in dibenzylamine, has a 
greater effect than in toluene, in fact, nearly exactly the same as that 
in dibenzyl, which gives for CH,°C,H; displacing hydrogen 12°234 
(thus dibenzyl = ee 
would be 0°254 less than this amount or 12'234), That this value 
is higher than that found in toluene (11°648) is no doubt due as 
mentioned above, to the phenyl groups in dibenzyl not being per- 
fectly screened from their influence on each other by the CH,°CH, 
group. 

Benzylamine, when compared with its isomer, orthotoluidine, shows 
in a very striking manner the influence of the CH, group separating 
the nitrogen from the nucleus. 


= 12°488, this when displacing hydrogen 
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Molecular rotation of orthotoluidine .... 17°200 
benzylamine...... 13°646 


” ” 


Difference.......... 3°554 


Phenylhydrazine. 


The relationship of phenylhydrazine to aniline may be considered 
here. 

This substance, C;sH;,;-NH-NH,, is usually regarded as aniline with 
one of the hydrogens of the NH, group displaced by NH., and from 
what has already been noticed in reference to the NH, group itself, 
the influence of this displacement becomes interesting. The rota- 
tions are as follows. 

Molecular rotation of phenylhydrazine ... 18-061 
sp 9 aniline .......... 16076 


THE. for WH, Giep. Biccssessecess 


This difference for the influence of the NH; group, although about 
twice as large as it is in the fatty series, is only about two-fifths of 
what it is in aniline, from which it is evident that the effect of this 
group NH-NH,, when united to phenyl, is far less than twice that. of 
NH, when acting alone. This no doubt arises chiefly from one only 
of the nitrogen groups, being connected with the nucleus, and that 
this is so, is borne out by comparing it with one of its isomers, thus - 


Molecular rotation of orthophenylenediamine.. 19391 
phenylhydrazine ....... 18061 


” ” 


Difference... s2...0seee0000 1330 
It was on account of this character of the rotation of phenyl- 
hydrazine that it was assumed that the largeness of the rotation of 
phenylazoimide was due chiefly to the influence of the one atom of 
nitrogen in direct union with the phenyl group (see p. 1098), the other 
two having a smaller effect. 


ar-Tetrahydro-a-naphthylamine and ac-Tetrahydro-B-naphthylamine. 


The influence which the NH, group has on the rotation of com- 
pounds according to the kind of carbon group it is associated with, is 
shown on reference to these compounds. Their structures are 
represented thus 

CH, 
\cHNH, 


UH; 


CH, 
ac-Tetrahydro-8-naphthylamine.  ar-Tetrahydro-a-naphthylamine. 
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The a-compound may be regarded as a tetramethyleneaniline, the 
NH, group being connected with the unsaturated ring; and the 
f-compound as a phenylene secondary benzylamine, the NH; group 
being associated with the saturated ring. 

Before considering these two compounds, it will be worth while 
first to see if their rotations are at all what might be expected from 
their constitution ; this, however, can only be done roughly, as the 
data to work from are insufficient for a very close estimate. The 
influence of position also affects the rotations. 

To split up each of these substances into.two compounds the rota- 
tions of which are known, it would be necessary to add 4 atoms of 
hydrogen, thus 


CyHi:N + H, = O.H,N + C,H 


ar-a-compound. Aniline. Butane. 


CyoH;N + H, = CHiN + C,H, 


ac-8-compound. Sec-butylamine. Benzene. 


If this principle be acted on in reference to the rotation, the follow- 
ing results are obtained. 


Molecular rotation of ar-tetrahydro-a-naphthylamine.. 20-058 
eovccccccces 1:016 


21:074 
Less aniline..... Bene ie Pee 16:076 


aceon co ans eas -eeeeed 4998 
Rotation of butane ........00.. 4°600 


Difference between calculated and found rotation...... 0°398 
Molecular rotation of ar-tetrahydro-8-naphthylamine.. 16°147 
PR as sccccccoessbansiewied 1:016 


17°163 
Iso- or sec-butylamine ......... 5°692 


11-471 
esoeee 11°284 


- 0187 


From these it is seen that the results are slightly higher than the 
calculated, but, considering the method used, they are sufficiently 
near to show that the rotations are consistent with the constitution. 

On comparing the rotations of the two bases, the great difference 
between the influence the NH, exerts in them will be seen. 

VOL. LXIX. 4k 
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ar-Tetrahydro-a-naphthylamine .... 20°058 
ac-Tetrahydro-f-naphthylamine .... 16°147 


3°911 
This, as might be expected, closely agrees with the difference 
between the influence of NH, in fatty and in aromatic compounds. 


Difference in the case of aniline. .... 4°792 
” ” » fatty amine 0971 


3°821 
It will be interesting here to compare all the amido-bases which 
have been examined (containing one nucleus, and with which the 
nitrogen is in direct union) with the corresponding hydrocarbons or 
other compounds from which they are derived. 


Influence of NH, 
Mol. rot. disp. H. 


16:076 , 
11-284 4°792 
17°200 
12°157 
16°347 
12°157 
16°210 
eer 12°157 } ome 
Orthoanisidine 18°722 
4°764 
Anisol 13°958 . 
Paraanisidine....... -+- 18°306 ’ 
13°958 id 
Metachloraniline 16-969 4459 
Chlorobenzene 12°510 
Parachloraniline 17-066 4556 
Chlorobenzene 12°510 
These differences are al] very. large, but they are not regular; this 
is chiefly owing to the position of the NH, in the nucleus not being 
always the same, as will be seen if aniline and the ortho-compounds, 
and the meta- and para-compounds, are placed by themselves. 


Diff. for NH, disp. H. 


5043 


4°190 


Aniline 4°792 
Orthotoluidine 5°043 } 4°866 
Orthoanisidine 4°764 
Paratoluidine 

Paranisidine......sc.ee. 
Parachloraniline 
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Of course perfect uniformity cannot be expected in cases of deriva- 
tives of hydrocarbons, oxides, and chloro-compounds, still there is a 
distinct analogy between them, and it will be found, as in other 
cases, that, whilst meta- and para-compounds give closely related 
rotations, those of ortho-compounds are higher. 

a- and B-Naphthylamines.—Attention has already been directed to 
the fact that when benzene is converted into a nitro-compound, it 
yields a product with a rotation lower than that of the parent sub- 
stance by 1°923, but that when amidated, it is higher by 4792. In 
the case of naphthalene, the same changes occur, but are of a much 
more pronounced character. It has already been seen that the rota- 
tion of a-nitronaphthalene is no less than 4°285 lower than that of 
naphthalene ; the following shows how much higher the rotation of 
the a-base is than that of the hydrocarbon. 


a-Naphthylamine .... 
Naphthalene .. 


Influence of NH,.. 12°353 


It is interesting, however, to notice that the numbers, although very 
different in magnitude, are both in the case of the benzene and naph- 
thalene derivative, relatively not very different, thus 


Nitro-derivative. Base. Ratio. 
In benzene — 1923 + 4792 as—1: + 2°491 
In naphthalene... — 4285 + 12353 as — 1: + 2882 


The relative rotations of naphthalene and S-naphthylamine are 


Molecular rotation of B-naphthylamine .. 35°700 
naphthalene ...... 25°125 


” ” 


10°575 


The variation in the rotations of the a- and B-bases is due to the 
difference in the positions of the NH, group in the hydrocarbon, and 
is referred to further on; the amounts, however, in both cases are 
very large considering they are caused by this small group, which, 
when displacing hydrogen in a paraffin, has an influence on the 
rotation of only 0°971. 

The very large effect produced when the dimethylated amido-group 
displaces hydrogen in benzene has been already alluded to, but, as 
other compounds of this class have been examined, it will be useful to 
compare them altogether, thus 
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Diff. for 
N(CH3)2 
Mol. rot. disp. H. 


Molecular rotation of dimethylaniline ‘ 22°888 } 11604 
benzene ..ereccecccesere 11°284 
dimethylparatoluidine.... 22°842 } 10°685 
toluene ...... weecesess AR 
dimethylorthotoluidine .. 18°617 6-460 
toluene .......vsiee eeeee 127157 
dimethyl-8-naphthylamine 47°377 
naphthalene 25°125 
dimethyl-z-naphthylamine 35°994 
naphthalene ......++. eee 25°125 


22°252 


} 10-869 


In the first case, it will bé noticed that the difference for the influence 
of this group is greater than that of benzene itself. In the case of para- 
dimethyltoluidine it is smaller, but approximates to that of toluene; 
being a para-compound, its rotation would be somewhat low. In the 
case of dimethyl-f-naphthylamine it is nearly twice as large as in 
any of the other examples, and also approximates to that of the 
hydrocarbon ; but 8-compounds, like para-compounds, are usually low. 
In the case of orthodimethyltoluidine and a-dimethylnaphthylamine, 
a most extraordinary condition of things exists, as these should be 
higher, and not lower, than the corresponding para- and B-compounds ; 
this matter is further considered on p. 1137. Before leaving the naph- 
thylamines, it will be as well to show the remarkable influence of 
methylation on these bases themselves. 


Dimethyl-f-naphthylamine ... 
A-naphthylamine 


Effect of (CH,), disp. Hy in NH, .... 


Dimethyl-c-naphthylamine .......... 
a-naphthylamine 


Effect of (CH;), disp. H, in NH, 


so that, on comparing the -compound with naphthalene it is found 
that the influence of the NH, group raises the rotation 10°575, and 
the methylation further increases it by 11°677. 

In the case of the «-compound, however, the influence of the NH, 
group raises the rotation of the hydrocarbon no less than 12-353, but 
methylation actually pulls it down by 1°484; these results also are 
considered further on (p. 1139). 

From the remarkable influence of NH; in the naphthylamines and of 
N(CH;), in £-dimethylnaphthylamine, which are rather more than 
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twice as great as they are in the case of aniline, it seems clear that 
both neuclei of these compounds are equally influenced, although the 
displacement takes place in one only. 


Diamines. 


Three of these have been examined, namely, the ortho-, meta-, and 
dimethylparaphenylenediamines. Although they will be considered 
further on in reference to the subject of position, they may be here 
compared with the corresponding hydrocarbon, and the influence of 
the NH, and N(CH;), groups observed, thus 

Mol. rot. Diff. for (NH_)s. 
Orthophenylenediamine . 19°391 8107 
Benzene ..... scasesoe's 2RGR6 
Metaphenylenediamine.. 18°843 7-559 
Benzene ........+- eoeee 11°284 


As in the other cases, the ortho-compound gives the largest result, 
but even this is not twice that found in the monamines, otherwise 
it would be nearly 10; although this is an extremely large difference, 
it shows that the introduction of the second NH, group has not nearly 
such a great influence as the first. This is best seen by comparing 
the ortho-compound with aniline. 


Molecular rotation of orthophenylenediamine .... 
” ” aniline..... eevee rcccece ; 


Influence of second NH. .....+..e. 3°315 


Similarly it has been noticed that the second NO, group when 
entering benzene has not the same effect as the first. 

On account of the high melting point of paraphenylenediamine, its 
rotation could not be determined, but, from analogy, it is nearly cer- 
tain that it will not differ much from that of the meta-compound. [If 
therefore, we compare this with dimetbylparaphenylenediamine, the 
effect of methylation will be fairly well seen, thus 


Molecular rotation of dimethylparaphenylenediamine .. 26°239 
” " metaphenylenediamine ........ 18°843 


Effect of (CHs)........ on eddennt eee 


This is even a little more than is caused by the di-methylation of 
aniline, which gives 6°812; but, of course, the comparison is not 
strictly accurate, and they may be somewhat closer ; at any rate, they 
are not very different. That the para- and meta-phenylenediamines 
have closely related rotations is also seen from the rotations of their 
hydrochlorides (p. 1112). 


1110 PERKIN: MAGNETIC ROTATORY POWER, 


Hydrochlorides of Monamines. 


In a paper on nitrogen compounds, it has been shown that the influ- 
ence of nitrogen on fatty compounds varies with its degree of satura- 
tion, thus, in nitrates, its rotation is smaller than in nitrites (Trans., 
1889, 55, 738). It appeared probable that this kind of difference 
might exist in the aromatic compounds in a much more pronounced 
manner, and that probably the high rotation of the aromatic amines 
might be due partially to the nitrogen being in a tervalent condition. 
If this should be so, it is clear that the rotation of these compounds 
should be lower in their salts, sach as the hydrochlorides, where the 
nitrogen is quinquivalent. 

The difficulty was, however, to examine hydrochlorides in the 
anhydrous condition because aqueous solutions would not be likely to 
give trustworthy results. It was found, however, that the anhydrous 
hydrochloride of dimethylaniline, although it is a crystalline com- 
pound, may be kept in a state of surfusion for some time, and could 
therefore have its rotation determined. It was also measured in solu- 
tion, because it was thought probable that the influence of water on 
its rotation would most likely be similar to that on aniline and other 
hydrochlorides, and therefore it would give data by which the rota- 
tions of these substances, determined in solution, could be approxi- 
mately translated into those of the dry salts. The following results 
were obtained. 


Diff. due to water 
Mol. rot. 


Surfused dimethylaniline hydro- 
chloride 

58085 per cent. solution in water 

29:040 Ci, 


”? 


In passing, it is interesting to observe that this salt, unlike chloride 
of lithium and other alkali chlorides, the hydrochlorides of fatty 
monamines, and hydrochloric awd itself, diminishes in rotation, whilst 
they increase. 

The following is a comparison between the rotation of dimethyl- 
aniline hydrochloride, as estimated from that of the base and of hydro- 
chloric acid, and that actually found. 

Molecular rotation of dimethylaniline.. 


” 


dimethylaniline hydrochloride found.. 18°326 
Reduction. ...cccccccssccccece. 6807 
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It is thus seen that an enormous reduction in the rotation occurs 
on fully saturating the nitrogen by means of hydrochloric acid. 

A solution of aniline hydrochloride containing 43°53 per cent. of 
the salt was also examined, as this dilution stands about midway 
between those of dimethylaniline hydrochloride given above, the 
probable effect of the water being between 0°720 and 0975 or 0°847. 
The following is a comparison of the found and calculated results. 


Molecular rotation calculated for aniline...... 16°076 
Plus HCl (dry) 
Molecular rotation of 42°53 per cent. solution of 
aniline hydrochloride 
Plus influence of solution 


18°321 


Reduction 


Here also there is a large reduction, although not nearly so great 
as in the case of dimethylaniline hydrochloride; this, however, is 
only what might be expected, because the NH, group does not exert 
so large an influence when displacing hydrogen in benzene as does 
the group N(CH;), The ratio of these two influences is as 
1 : 2°421, that of the reduction in the hydrochloride as 1 : 3°532, so 
that, although the reductions are of the same kind, yet they are not 
in the same proportion. 


It is interesting to compare the rotation of the above hydro- 
chlorides. 


Molecular rotation of dimethylaniline hydrochloride.. 18°326 
~ ” aniline - .. 16394 


Difference for CH, x 2 disp. H, ........ ovccee 1-932 


This is nearly the usual amount (2°046) found for this displace- 
ment in the fatty series; but as the difference between the bases 
dimethylaniline and aniline for the same variation in composition is 
22°888 — 16:076 = 6°812, an amount equivalent to all the large 
extra influence methylation gave to aniline beyond the ordinary 
values of methyl, has disappeared on the base being neutralised with 
hydrochloric acid. 

The rotation of aniline calculated from the hydrochloride is only 
14149 (16°394 — 2°245), and on subtracting from this the rotation of 
benzene, 14°149 — 11°284 = 2°865 is found for the influence of NH, 
displacing H, whereas in the free base it is 4°792. 

The hydrochloride of the paradimethyltoluidines were also ex- 
amined, solutions containing 69°5 per cent. of C,H,:N,HCl being 
employed. Taking the influence of the water in these as 0°600, the 
following results are obtained. 
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Molecular rotation of dimethylparatoluidine.. 22°842 25-087 
Plus HCl (dry) 2°245 
Molecular rotation found for solution 18°465 19-065 
Plus influence of OH, ..........00- Kee apele 0600 
6:022 
Molecular rotation of dimethylorthotoluidine.. 18°617 20'862 
Plus HCl (dry) 
Molecular rotation found for solution : j 
Plus influence of H,O sda 
1557 

In this case again the para-compound falls in rotation enormously, 
although not quite so much as dimethylaniline ; this, however, would 
probably be on account of its being a para-compound. 

With respect to the ortho-compound, which is anomalous (referred 
to in the section on position), it is remarkable that this anomaly dis- 
appears in the hydrochloride, the rotation of both salts being related 
as ordinary ortho- and para-compounds, 


Hydrochloride of Diamines. 


Three of these have been examined; the solutions could not be 
made so strong as in the case of the monamines; they were of the 
following strengths. 

Per cent. of salt. 
Solution of orthophenylenediamine hydrochloride .... 18°264 
- metaphenylenediamine ra cove 2006 
a paraphenylenediamine ~ eooe 13°397 


From the curve formed by the dry dimethylaniline hydrochloride 
and its solution, this would make the allowance for the influence of 
water 1:000 for the two first solutions, and 1°100 for the last. 

The following are the results obtained. 

Mol. rot. of dry salt. 
Molecular rotation of orthophenylenediamine 

hydrochloride in solution... ....sesececsee aso} 22°329 
Plus influence of water 1-000 
Molecular rotation of metaphenylenediamine 

hydrochloride in solution noass | 21°345 
Plus influence of water.........seececcees ---  1:000 


hydrochloride in solution 20°213 


Molecular rotation of paraphenylenediamine 
\ 21:313 
Plus influence of water..........00 ecosocees,’, 2200 


Compared with the value of the bases, + 2 mols. of hydrochloric 
acid, they give 
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Diff. from cale. 


Ortho- base, 19°391 + 2HC1 4590 = 24-981 2-652 
WO Sisce ki 4s Viascssacs SGGP 
Meta- base, 18°834 + SHC! 4590 = 23° pave 9-088 


= 23°433 
"12 
oes 2480 ro 


These differences are, of course, in reference to the union of 
2 mols. of hydrogen chloride; if divided by two, to make them com- 
parable with aniline hydrochloride, they show, in the case of the 
ortho-compound (which is the most suitable to use, for reasons given 
in another part of this paper), that the effect is apparently smaller, 
namely, 1°326, whereas in aniline it is 1927; this, however, is not a 
fair comparison, because as the first and second introduction of the 
NH; group into benzene affect it differently, it is most likely that the 
hydrochloric acid may act in a similar manner, the first molecule 
added influencing the rotation more than the second. 

As in the case of the monamines, the rotations of these bases are 
much lower in their hydrochlorides than when they are in the free 
state. This will be seen from the following table, as well as the 
influence of the NH, group. 


Molecular rotation of orthophenylenediamine ......... ee 
Less reduction when in hydrochloride .........e+6. ua ee 


Molecular rotation of orthophenylenediamine in combination 16°739 
” 9 benzene ....... ce erccecccece coos oe 11°284 


(NH,) disp. H ....cecccccoee cocves 2)5°455 
NH disp. H .. 


This is much the same as that found in aniline when in combina- 
tion, namely, 2°865, and perhaps the analogy is closer than this 
because the above assumes that these groups have both exerted the 
same influence on the rotation ; this, however, as already mentioned, 
is not the case, and it is not improbable that one might be about 2°865, 
the same as in aniline, and the second, 2°590, which would agree 
with the numbers 5°455 the same of both. 

The principal change which takes place when a base is converted into 
its hydrochloride is the saturation of the nitrogen, and it has already 
been shown that nitrogen in a quinquivalent combination acts differ- 
ently from that in a tervalent in the case of the fatty series, although 
the effect is not very large (Trans., 1889, 55, 737); that it should 
be much larger in the aromatic series is only in accord with many of 
the results already discussed. Moreover, that the saturation of the 
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nitrogen should reduce the rotation is in harmony with all the results 
hitherto obtained with saturated and unsaturated compounds. 


Amides and Anilides, 


The following is a comparison of the products of this kind which 


have been examined. 
For diff. of 
Mol. rot. constitution. 


Formanilide 

Benzamide 

Acetanilide sees 
Phenylacetamide (C,H;;CH,CONH,) 15°208 


The Jast difference is much smaller than the first, and it is not 
improbable that there should be this difference; as, however, much 
difficulty was experienced in determining the rotation of the last pair 
of compounds, the results.are not given with much confidence, except 
that there is no doubt as to the anilide having by far the larger rota- 
tion, and in this both sets of examples agree. 

The rotation of formanilide, although it contains CO more in its 
composition, has a lower rotation than that of orthotoluidine by 
1:989, being another example of the influence this group has in 
reducing the rotation of a compound; a still greater difference will 
be found if it is compared with methylaniline, which it represents 
as having the CH, of the methyl group displaced by CO, thus 


C.H;'N < a, 


ew it 
Formanilide. Methylaniline. 
Tn this case, the rotations differ greatly. 
Methylaniline 
Acetanilide ......00 e060 


Reduction for CO disp. CH,in CH;. 3°621 


The same applies to acetanilide (assuming its rotation to be not 
far from the truth), which only differs from ethylaniline in having 
CH, displaced by CO, but on comparing them in this way there is a 
difference of no less than about 4°565. 

In the first case, the CO has fully destroyed the large influence 
methyl has in methylaniline (3'548), and in the second, it has destroyed 
that of the ethyl in ethylaniline (4°491). 

Benzamide may be compared with benzylamine, in which CH, has 
been displaced by CO, thus . 

C.H;'CH.:N Hp. C.H,;CO-NH,. 


Benzylamine. Benzamide. 
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Here the difference is small. 


Molecular rotation of benzylamine .. 13°646 
” ” benzamide .... 13520 


Reduction for CO disp. CH,...... a 0126 


The difference in the value found for CO displacing CH), on com- 
paring propylamine and propionamide, is 0°194, so that the above 
difference is a little less than this, and the phenyl united with 
the CH; has a slight augmenting influence in benzylamine, which 
has also been removed; it seems, therefore, that although the NH, 
group is separated from the C,H; by means of CO, yet a small amount 
of influence passes through it, and slightly raises its rotation. 


Pyridine, Quinoline, and Thiophen. 
The constitution of these substances is usually represented thus 


CH,——,CH 


8 
Pyridine. Quinoline. Thiophen. 


Thus showing them to have a general analogy to aromatic com- 
pounds but with nitrogen and sulphur substituted for a carbon atom 
in the nucleus. 

The low refractive power of these substances has, however, always 
been a difficulty in connection with this view, and the determinations 
of the magnetic rotations increase this, as the following comparison 
of their rotations with those of the hydrocarbons they are supposed 
to represent, will show. 

Mol. rot. 
Pyridine . 8°748 Benzene 
Quinoline 20°875 Naphthalene .. 25°125 
Thiophen........ 9°575 


Thus it is seen that in the first two examples the rotations are 
much lower than those of the hydrocarbons, although they contain 
nitrogen, which in bases so greatly augments their rotation ; when it is 
remembered also that sulphur has a very large influence on rotations, 
the low numbers obtained for thiophen are likewise very striking. 

These rotations are, therefore, at variance with the above views 
regarding the character of these substances. 

Pyridine-—Some time ago, the rotation of piperidine, as well as 
that of pyridine, was examined (Trans., 1889, 55, 735), and it was 
noticed that the difference between the numbers obtained from these 
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compounds for the difference of saturation by H,, amounted to 2°951, 
or about three times the difference existing between saturated and 
unsaturated fatty compounds differing in composition by H,. 

Since then the series of hydrocarbons of different degrees of satu- 
ration between hexane and dipropargyl have been examined (Trans., 
1895, 6'7, 262—263), and here the difference for H, which exists 
between the rotation of hexane and dipropargyl is found to be 
2962, or almost exactly the same as that between piperidine and 
pyridine; or if that between hexane and O,H, is taken, it is 2°754, 
or only a trifle less. The inference is, therefore, that the rotation of 
pyridine is of the same kind as that of an open chain compound, 
although it is represented as a ring. 

It is as well to point out here that the analogy between these bases 
and the hydrocarbons is not quite perfect, because in the one case 
the difference for unsaturation is connected with C; + N, whereas in 
the other it refers solely to C,. Still, at the same time, the linking 
in both cases is of the same kind, namely, -CH:N- and -CH°CH-. 

Now in what respect do open and closed chain compounds differ 
in rotation? One of the most striking differences’is in the relative 
character of their saturated and unsaturated compounds. Above, it 
is seen that in the open chain compounds there is an increase of 2°951 
for a loss of H,, but for the same difference, in the case of hexahydro- 
benzene and benzene, it is about 4°851, or nearly twice as much. 

Now the circumstance which brings about all this difference results 
from the two ends of an unsaturated open chain being united with 
each other. For instance, if the ends of a chain compound of the 
structure CH,;CH:CH:CH-CH:CH,, were to unite with loss of Hh, 
benzene would be produced, thus forming a symmetrical cycloid. 

An unsaturated and a closed chain are in some respects comparable 
with a chain and a circle of bar electromagnets. In the latter, as is 
well known, the force necessary to rupture the open chain is much 
smaller than that required to break the closed chain. Now if froma 
closed chain of magnets. one be removed, and for it be substituted a 
har of some non-magnetic material, it is evident that the magnetic 
effect will simply be that of an open chain, although it appears to be 
a closed one, because one of its elements is of a different nature from 
the others. 

This seems to be the condition of things in pyridine. One carbon 
group of the benzene ring has been displaced by nitrogen, which, 
although holding the ring together, is a foreign element between 
the carbon atoms it unites, and therefore the product has not the high 
rotation of a closed carbon chain. This also explains why the differ- 
ence between the rotations of piperidine and pyridine is similar to 
that existing between hexane and dipropargy]l. 
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Quinoline.—With regard to this base, there can be but little doubt 
that it is not a true representative of naphthalene, which consists of 
two closed carbon groups, for its molecular rotation is 4°250 lower than 
that of the latter, as may be seen from the foregoing table. 

The difference between quinoline and its tetrahydro-compound is 
relatively smaller than that between pyridine and piperidine, thus 


Quinoline 
Tetrahydroquinoline 


Diff. for unsaturation by Hy, 1°256 


The difference for H, in the previous instance was 2°951, or, taking 
two-thirds of this for H,, 1°975; the difference also between dipro- 
pargyl and diallyl is 2°015 for H,. Tetrahydronaphthalene has not 
yet been examined, so that the difference between this and naphtha- 
lene is not known, but the smallness of this difference is probably 
due to the nitrogen of quinoline being in direct union with the 
unsaturated nucleus as well as with the saturated, as it is found that 
the difference between ar-tetrahydro-a-naphthylamine and a-naph- 
thylamine is smaller than is found in the case of the ac-tetrahydro- 
f-compound and @8-naphthylamine, the amounts being 17°420 and 
19°535 respectively (numbers out of all proportion to those of the 
quinoline compounds). Isoquinoline and its tetrahydro-derivative 
would, therefore, probably give a larger difference, as the nitrogens 
in these compounds are quite separated from the unsaturated nucleus, 
thus 


CH, 
ot ™ CH, 


om, ve 


nl el ti 
NH CH, 


Tetrahydroquinoline, Tetrahydroisoquinoline. 


Thiophen.—As previously mentioned, this compound has such a 
low rotation that, like pyridine and quinoline, it cannot be considered 
as a true aromatic closed chain compound with sulphur representing 
two carbon groups. If, however, it be regarded from the same point 
of view as pyridine, the numbers it gives are intelligible. 

The effect of the hydrocarbon portion of pyridine may be esti- 
mated thus 

Mol. rot. 
Pyridiness...e.seccere 8°748 
N as inamines........ O°717 


CsHs ..eeee-- 8031 


~ 
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This is a low value for this product, but it must be remembered 
that the rotation of piperidine is also low (Trans., 1889, 55, 733). 

If a fifth of this be subtracted, the value of C,H, will be obtained, 
namely, 6°441, which represents the hydrocarbon constituent of 
thiophen, and if this be taken from the rotation of this substance, 
an estimate of the influence of sulphur will be found, thus 


Thiophen 
Less C,H, 


S= 3134 

The influence of sulphur varies very much in different compounds. 
In the free state, the octahedral variety has a rotation of 4°856, 
whilst in combination with carbon in carbon bisulphide, it is about 
5°08, but in ethylic sulphide only 3°283, which is close to the above 
estimate, and therefore renders it quite a probable amount. 

Thomsen (Thermochemische Untersuchungen, 4, 342) seems to have 
found a difficulty in regarding this substance as comparable with 


benzene, and proposes for it the formula, s:0< > CH, 


Whilst the intervention of the nitrogen and sulphur in these 
compounds between the carbon groups prevents them from having 
the physical properties of closed carbon chain compounds, this 
kind of combination evidently gives them great stability. 

Owing to the want of data, the above calculations in reference to 
these bases and thiophen can only be regarded as somewhat rough 
approximations, but still they serve their purpose fairly well, because 
they give an intelligible meaning to the magnetic rotation and 
refractive power of these compounds. 

It is interesting to notice that both nitrogen and sulphur, when 
interfering with the symmetry of a cyclic compound by separating 
the carbon groups, act as a screen, and keep the rotation low, 
whereas when oatside the closed chain, and attached directly to one 
of its carbons, they cause the rotations to be large, as seen in 
phenylazoimide, phenylic sulphide, &c. 


Haloid Compounds containing the Benzene Nucleus. 


Benzene Derivatives.—Four of these have been examined, the fol- 
lowing being their names and rotation. 


Fluorobenzene 
Chlorobenzene....... it ee 
Bromobenzene 

Iodobenzene .......+.. os 
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Fluorobenzene.—This is the only fluorine compound which has 
hitherto been examined. The result is interesting and remarkable, 
because the rotation is so much lower than that of benzene itself 
(11-284), and even than that of its open chain isomer, dipropargyl 
(10°435); the introduction of this element, therefore, in place of hydro- 
gen, has caused a reduction of 1°324, or an amount rather more than 
five times the value of the hydrogen displaced. From this it is 
evident that the rotation of fluorine in combination with the nucleus, 
like NO,, has a negative influence. The molecular rotation of this 
compound is only a little higher than that of nitrobenzene (9°361). 

Chlorobenzene.—The following is a comparison of the calculated 
and observed rotations of this compound. 

Molecular rotation of benzene 


Chlorine, disp. H, as in propylic chloride... 1479 


Molecular rotation found ............. . 


Difference 


Here the rotation is also somewhat lower than the calculated. 
Bromobenzene.—The following is the calculated value of this com- 
pound. 


Benzene 


Bromine, disp. H, as in propylic bromide. 3°308 


Molecular rotation found ., 


Difference ..... ee 


This result shows a very small differeuce between the calculated’ 
results and those found. 
TIodobenzene.—The calculated value of this is as follows. 


Benzene ....2-++++s eoccceccees esceece 
Todine, disp. H, as in propylic iodide 
Found ....+.+. $00ses 19'108 


Difference ... 
In this case the result found is higher than the calculated. 


These four haloid compounds of benzene form a curious and inter-. 
esting series, because when the haloid has a very low rotation, as no. 
doubt it has in the case of fluorine, the derivative has actually a. 
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much lower rotation than the hydrocarbon itself; on the other hand, 
where it is not so low, as in the case of chlorine, the rotation, although 
less than the calculated, begins to approach it; again, where it is about 
the same, as with bromine, the rotation of the product is practically 
the same as the calculated, but where it is above, as in the case of 
iodine, the rotation of the iodo-derivative is above that calculated, 
making it appear as if these peculiarities were all due to the rela- 
tionship of the rotation of the halogen to that of the hydrocarbon. 
These were some of the results which made me examine mixtures 
of substances having the same and different specific rotations, but 
whether the remarkable differences in the rotations of these haloid 
derivatives is at all due to this appears to be doubtful. 


Paradichlorobenzene. 


The rotation of this compound appears at first sight to be low, as 
will be seen from the following comparisons. 
Mol. rot. Diff. for Cl disp. H. 
Paradichlorobenzene .:.. 1145 
Chlorobenzene ‘ 1:226 


It has already been noticed that the rotation of chlorobenzene is 
lower than might be expected, by 0°253, and from the above it would 
seem that this second displacement was of the same character, as the 
value of chiorine displacing hydrogen is 1°479; it must be remem- 
bered, however, that the second displacement is in the para-position, 
and, judging from analogy, if it had been in the ortho-position it 
would have been about 0°473 higher, which would raise the difference 
to 1516. Now ortho-compounds have rotations which are nearly the 
same as those of ordinary mono-benzene derivatives, in which relative 
position does not occur, so that the comparison in the above table gives 
a false idea of the influence of the second displacement by chlorine, 
because the rotations of the para-compounds are relatively lower than 
those of monosubstituted benzene compounds. Taking the effect of 
position into account, the rotation of paradichlorobenzene indicates 
that the second displacement of hydrogen by chlorine is of about the 
ordinary kind (as in the fatty series), and has not been attended with 
any contraction in the rotation like that of the first displacement. 


Benzylic Chloride, C,5H;*CH,Cl. 


The rotation of benzyl compounds has been found in the cases of 
benzylic alcohol and benzylamine to be lower than their isomers the 
cresols and toluidines. Benzylic chloride, however, gives a higher 
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rotation than the chlorotoluenes; thus, comparing it with the chloro- 
toluene having the highest rotation, namely, the ortho-compound, 
the following difference is obtained. 


Molecular rotation of benzylic chloride .. 14014 
9 ” orthochlorotoluene 13°719 


Difference 


This, however, is not remarkable, if it be borne in mind that in 
benzylic chloride the chlorine is in union with the CH, group only, 
whereas in orthochlorotoluene it is in the nucleus, and this, as shown 
in the case of chlorobenzene, reduces its influence by 0°253; as no 
reduction would take place on the formation of benzylic chloride, its 
rotation would be expected to be that much higher than the rotation 
of orthochlorotoluene. This is only a very little less than that found. 

It is of interest to x.otice that it is ened lower than half that of 
dibenzyl, plus chlorine. 


Half molecular rotation of dibenzyl 12°488 
” ” chlorine .... 1°733 


Benzylic chloride (calc.) 


Ortho- and Para-chlorotoluenes and bromotoluenes. 


Both the ortho- and para-chlorotoluenes and bromotoluenes have 
been examined, but their rotations cannot be discussed here; they 
will be found in the section on the influence of position (p. 1131). 


Benzoic Chloride, C;H;;COCI. 


From what has been previously noticed, this substance may be 
regarded as acetic chloride in which methyl] is displaced by phenyl, 
rather than as formic chloride with hydrogen displaced by this 
group. The influence of chlorine in acetic chloride is estimated as 
1669, whilst that of carbonyl is believed to be about 0°850 (Trans., 
1894, 65, 105). The effect of CO*Cl will then be 2°519, and if this be 
subtracted from the rotation of benzylic chloride, it should give that 
of C,H; thus 


Molecular rotation of benzoic chloride.... 12°383 
Less CO°Cl 


This is a very low number for phenyl. In benzophenone, the effect 
of carbonyl is to reduce the phenyl to 10°100, and in benzaldehyde 
and ethyl phenyl ketone it is only a little higher, but in this case the 
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influence of CO-Cl is greater, supposing that this group in benzoic 
chloride has tl# influence here assigned to it. There can be no doubt 
the rotation is a very low one, because if compared with benzalde- 
hyde it shows too small a difference for chlorine displacing hydrogen, 
thus 
Molecular rotation of benzoic chloride.... 12°383 
i is benzaldehyde 11°844 


Effect of Cl disp. H 
This number is about 0°934 too low, so that the group CO-Cl 
evidently has a very considerable reducing influence on the rotation 
of this compound. 
It may also be compared with acetic chloride, thus 
Benzoic chloride 12°383 
Acetic chloride .. ........ e ecccecccers 3°800 


C,H; disp. CH; 
CH, (about)....seseceeees 


This agrees closely with the number previously obtained for this 
group. 

Phenylacetic Chloride, CsH;*CH,*COCI. 

This differs from the previous compound in having CH, to screen 
off the influence of the CO-Cl from the phenyl, and the effect is very 
striking if comipared with benzoic chloride; it gives a large difference 
for variation in composition. 


Phenylacetic chloride 
Benzoic chloride 


Diff. for CH, 


This is considerably above the usual effect of CH,, and shows how 
this group has prevented the reducing influence of this CO-Cl from 
affecting the nucleus. 

If this substance be compared with propionic chloride, and allow- 
ance made for the methyl group, it gives 


Phenylacetic chloride...-.....000+ eoeee 
Propionic chloride .........0+0+ bananas 


C.H; disp. CH; 
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This result is not very different from that found in the case of the 
ethereal salts of the aromatic acids, which gives 10°457 for C,H,, 
disp. H, or 10°711 for the group itself (see p. 1078). 


Phenylsulphonic Chloride, C,H;*SO,Cl. 


This is the only substance of this class which has been examined ; 
the nearest compound with which to compare it is benzoic chloride, 
the difference between the two being that the latter contains CO in 
place of SO.. 


Molecular rotation of benzenesulphonic chloride 14°167 
- ts benzoic chloride ..e... 12385 


Diff. = SO, disp. CO 
Plus CO 


Se 6 2°632 


The value of SO, deduced from SO,Cl, is about 2°454, which is not 
far from the above, so that the rotation of the substance is apparently 
normal. 


Sulphur Compounds. 
Carbon Bisulphide, CS. 


As this substance is referred to in connection with some of the 
aromatic compounds, its rotation may be considered here; its 
molecular rotation at 15° is 10°751; if from this the value of carbon 
deduced from the paraffin be taken, namely, 0°515, it leaves for the 
value of sulphur 10°236/2 = 5:118. 

The effect of the group —CS- on the rotations of the various com- 
pounds in which it exists, will then be probably about the same as 
that of CS, less S, 10°751 — 5°118 = 5°633, or displacing H), 5°633 
— 0°508 = 5125. 


Phenylic and Benzylic Sulphides, C,H,°S-CsH;, and 
C,H;'CH,'S-CH,°C,H;. 


The rotation of sulphur itself and some of the different influences 
it exerts on the rotation of compounds has already been referred to 
when considering the rotation of thiophen, but when in direct union 
with the nucleus as in phenylic sulphide, its effect would be expected 
to be considerably enhanced; this is evidently the case from the 
high rotation of this compound, which is even higher than that of 
benzylic sulphide, although the latter contains CH, more in its com- 
position, thus— 
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Molecular rotation of phenylic sulphide.. 29°668 
9 - benzylic sulphide .. 29°216 


Difference 


Comparing the rotation of phenylic sulphide with that estimated 
for two phenyl groups, as calculated from benzene, the effect of the 
combination of these with sulphur is seen to be very great. 


Molecular rotation of phenylic sulphide 29-668 
” ” C.H; x2=m 10°776 x eeee 21°552 


Influence of sulphur 


Making a similar comparison in the case of benzylic sulphide, 
calculating the effect of CH.C.H; from toluene, the following result 
is obtained. 


Molecular rotation of benzylic sulphide ........ -- 29°216 
- is CH,C,H; x 2 = 11:903 x 2 23°806 


Influence of sulphur ........... ee 5°410 


In the first case, there can be no doubt that 8°176 does not represent 
the rotation of sulphur in this compound, but shows that this element 
when in direct union with phenyl (as in the case of NH.) causes the 
rotation of the product as a whole to be greater than that of the 
sum of any of the ordinary values of phenyl and sulphur. 

In the case of benzylic sulphide, the screening influence of the CH, 
groups which come between the sulphur and phenyl is very striking ; 
it is possible, however, that this is not perfect, and that they still 
influence each other to a small extent through these groups, for it 
should be noted that 5°410 is apparently a higher rotation than 
salphur is likely to possess. 


Thiocarbanil, CsH;-N°CS. 


The data for studying the rotation of this compound are not very 
satisfactory ; it may be represented as aniline with H, displaced by 
CS, and, therefore, by subtracting from its rotation that of aniline, a 
residue will be obtained representing the influence of CS displacing 
H,, which may be compared with that estimated from carbon bisul- 
phide, namely, 5°125, thus— 


Molecular rotation of thiocarbanil ...... 21°526 
” ” aniline. a a 2 ee 16°075 


CS disp. H; 


This is rather higher than the above, but the association of this 
group with phenyl and nitrogen might enhance its influence. So far 
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as can be seen, therefore, from the above, the rotation of thiocarbanil 
is likely to be consistent with its structure. 


Section I1].—On some or THE RELAIIONSHIPS OF THE ROTATIONS OF 
Aromatic COMPOUNDS. 


The study of this subject, which is important for several reasons, 
is not very easy, because it is necessary to discriminate between the 
compounds which may be considered normal and those which appear 
to be abnormal. At first this presented some difficulty, but the 
following plan seems satisfactory as far as it goes. 

In the fatty series, it has been found that there are certain varia- 
tions between the rotations of different classes of compounds, because 
each has a special series constant. Thus, taking the propane deriva- 
tives as an example, we get— 

Mol. rot. Diff. 

Molecular rotation of propane (calc.).... 3°57) + 0191 

propylic alcohol .. hed | ~ 0-436 
propaldehyde .... voneet, 4 9120 
ethylic propionate  5°452 


The same differences are found on comparing the higher homologues 


of these substances. Now, as analogous aromatic compounds represent 
fatty substance with one atom of hydrogen displaced by phenyl, it 
was to be expected that similar relationships might be found to exist in 
them, with small variations due to phenyl not having exactly the same 
value in these different classes of compounds, owing to the influence 
of the groups it is associated with; from the following comparison, 
this is evidently the case, thus 
Mol. rot. Diff. 
h. PE dcteiecnescee verre: ¢ | . 

Benzylic alcohol .....++++« 12°400) — 

Benzaldehyde abe + 1-990 

Ethylic benzoate ....... wo» 13°854 


. Paramethylisopropylbenzene 15255) 
Cuminic alcohol ........+. 15879) 
Cuminaldehyde......... oes 15°245) 
Ethylic cuminate .......... 17°093 


In the next examples, the comparisons are made between unsatu- 
rated compounds. Amongst those selected, cinnamaldehyde and 
ethylic cinnamate are trans or fumaroid compounds; and it will, 
therefore, be necessary to subtract 0°468 from their rotations (see 
p- 1145) to make them comparable with the other ordinary members 
of the series. 


+ 0°624 
— 0°634 
+ 1848 
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Mol. rot. Diff. 

III. Allylbenzene ... 17°599) 

Cinnamic alcohol ..........66- .. 17:940 i 

Cinnamaldehyde (17°885 — 0° 468) . 17°417 ' 
Ethylic cinnamate (20:006 — 0°468) 19°538 


+ 0341 
— 0°523 
+ 2°121 


All the substances in the previous examples contain phenyl or 
methylated phenyl, but in the following table hydroxy-derivatives 
are compared. 


Mol. rot. Diff. 
IV. Orthocresol.. . 13°382 
Salicylic alcohol lethal from the } +0°525 
methyl derivative) 
Salicylaldehyde occscve 
Ethylic salicylate ........... cece 


In the first three examples, the alcohol is seen to be a plys quan- 
tity in each case as compared with the hydrocarbon, the aldehyde 
a minus quantity as compared with the alcohol, and the ethereal salt a 
plus quantity as compared with the aldehyde; the last must obviously 
be so, because the substance contains two atoms more carbon than 
the others, due to the ethy], but in all instances the plus and minus 
differences accord quite as well as could be expected, both in the 
series which contain C,H; as also in those in which displacements 
exist, such as the para- and otho-compounds. No sufficiently com- 
plete series of meta-compounds has been examined, but there is no 
reason to think they would be exceptions. The above tables there- 
fore show that a close analogy exists between the aromatic and fatty 
series; this is very interesting, and indicates, moreover, that the 
determinations of the rotations are evidently near to the truth. 

From the above relationships, the rotations of the aromatic com- 
pounds given may be considered normal, so that in any other similar 
sets of examples, which do not show analogous differences, it may be 
considered that they are abnormal owing to some other influence 
coming into play; for instance, it has already been noticed that in 
tle methyl displacements in the amines peculiar irregularities in the 
rotations exist. It will therefore be important to consider the rota- 
tion of hydroxy-derivatives in which the hydrogen of the hydroxyl 
is displaced by methyl, as shown in ‘lable V. 

The fluctuations are larger than can be accounted for by experi- 
mental error, and are no doubt real, nevertheless, although the ortko- 
compounds give a rather lower difference than the para- and meta- 
compounds, yet the differences may be considered to agree fairly 
well. This, however, is not found to be the case with the examples 
given in Table VI. 
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12°140 

Orthotolyl methyl oxide pogo 
Orthocresol ...... e000. . 
Paratolyl methyl oxide 
Paracresol 1... 2. scccsesseccese 
Metatolyl methy!] oxide........ a eda 
Metacresol 
Ethylic methylsalicylate 

» Salicylate 


1870 


1-790 


1826 
Diff. 
VI. Methylsalicylaldehyde 0-901 
Salicylaldehyde .... 13°286 
Guaiacol ... 14°689 | 
Pyrocatechol* 13-022 J 
Veratrol 16°837 } 
Guaiacol 14°689 
Creosol 15°405 \ 
Homopyrocatechol 13°306 
Isocreosol 15°021 
Homopyrocatechol 13°306 
Dimethylhomopyrocatechol. 17°484 } 2-079 
Creosol 15°405 
Dimethylresorcinol 2)2°823 
Resorcinol* “1-411 
Trimethylpyrogallol ...... 17201 } 3)4°172 
Pyrogallol* 13-029 1390 


As widely different results are in some cases obtained, these must 
be due to some cause other than the simple displacement of hydrogen 
by methyl. In the displacements in the phenols, the amount is about 
twice as high as in the fatty series, which is remarkable. In methyl- 
salicylaldehyde it is about the same as in the fatty series. 

The differences in the following series of methylated derivatives 
will be seen not to agree with those previously found in the case of 
the initial compounds, the expected rotations estimated from the 
differences given in Table VI being introduced to show where the 
inconsistencies exist. 


1667 
2°148 
2°099 


1-715 


* The rotations of pyrocatechol, resorcinol, and pyrogallol are calculated from 
the aqueous solutions, and therefore may not be quite so accurate as the other 
numbers (see pp. 1184, 1185). 
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VII. 


Mol. rot. ex- 
Mol. rot. iff. pected from 
analogy. 


Orthotoly] methyl oxide......|  15°190 15 +190 om 


saligenin) 


Methylsalicylaldehyde........ 14°187 15 094 0°907 


Methylsalicylic alcohol (methyl| 14 °828 15°715 0°887 


17°174 =| +0°017 


Ethylic methylsalicylate 17 156 


The want of agreement in the case of methylsalicylaldeliyde is 
evidently due to methylation, because it does not exist in the non- 
methylated aldehyde (see Table IV), and it has been seen that the 
influence of the methylic displacement in this compound is only 
0°901, whereas in orthotolyl methyl oxide it is 1:808, and in ethylic 
methylsalicylate 1°790, or practically the same, the average being 1°799. 
In methylsalicylic alcohol the methylation probably influences its rota- 
tion also to about the same extent as in the aldehyde, namely, 0°901, 
because if the difference between this and 1°799, or 0°898, be added to 
the rotation it becomes 15°726, or about the expected number; and 
this is very probable, because the relationship of this alcohol and the 
aldehyde in the above Table VII is about the same as is found in 
other similar comparisons, namely, 0°641. 

The next series consists of methylated para-compounds, the esti- 
mated difference being calculated from the series of compounds for 
the same position given in Table II. 


VIII. 


Mol. rot. iff, Expected 
Nos. 


Paratolyl methyl oxide ....... 14°712 
Briisio GIOGNG! ...60 00 62 c0ccccce 15 °407 


16 °336 0071 


14°712 — 
} +0695 


+0 °465 
Anisaldehyde....seseeesevers 15 872 

+1°413 
Ethylic anisate*:.............| 17°285 16 *550 | 0°735 


14.°702 1°170 


* On account of this peculiar rotation of ethylic anisate, an endeavour was made 
to measure a non-methylated compound of parahydroxybenzoic acid. The only pro- 
duct which appeared to be available for this purpose was the methylic salt, which is 
said to melt at 17° and boil at 283° (Ladenburg and Fitz, Annalen, 1867, 141, 250), 


ESPECIALLY OF AROMATIC COMPOUNDS. 1129 


In this set of examples, the two first numbers show much the same 
relationship as those existing between paramethylisopropylbenzene 
and cuminic alcohol, and may be considered normal in their rotation 
(see Table II, p. 1125), but the third and fourth have remarkably high 
rotations, and judging from the influence of methylation on para- 
cresol (1°843), the methylation in the case of anisic aldehyde must 
have influenced its rotation about 3°013 (1843 + 1170), and in 
ethylic anisate about 2°578 (1°843 + 0°735). The remarkable rotation 
of these two compounds is at present inexplicable. Their molecular 
refractions are also very high. | 

From the comparisons in Table V (p. 1127), it is seen that in many 
aromatic compounds the displacement of the hydrogen of hydroxyl 
by methyl raises the rotation by about 1°800, yet, as shown in Table 
VI (p. 1127), there are some cases in which its influence is less, and 
in a considerable number of others where it is greater than this, these 
fluctuations being due in most cases to some cause at present not 
understood. It is unsafe, therefore, in making generalisations such 
as those following, to employ the rotations of compounds of this kind. 


Influence of the Ortho-, Para-, and Meta-positions, and also of the «- 
and B-positions in the Naphthalene Series, on the Rotations. 


I. Ortho., Meta-, and Para-positions. 

From the foregoing section it is evident that in considering this 
subject of position it will be necessary to exclude many of the 
methylated hydroxy-derivatives. 

The following are some comparisons of the rotations of compounds 
belonging to different classes which may safely be used in considering 
this subject. The first consists of the cresols, and in their case the 
methyl group has already been shown to have much the same 
influence in all cases. 

Phenols. 
Mol. rot. Diff. 
I. Orthocresol ........00.25:+- 13°382 ‘ 
Paracresol ...0ccceseccccces 12:869! — 
TIES 6.6 see vsvensccess 12-776! —0:093 


but on preparing this compound, both from the potassium salt and methylic iodide 
dissolved in methylic alcohol, and also from the acid itself, methylic alcohol, and 
hydrochloric acid, it was obtained as a beautifully crystalline solid, forming large 
crystals, with a solidifying point of 122°, and boiling with slight decomposition 
at 305° under a pressure of 745mm. This high fusing point made it unsuitable 
for a determination of the rotation. As its properties were different from those 
described by Ladenburg and Fitz, it was subjected to analysis, and gave— 
I. II. C,H,03. 
Carbon ........ 62°90 62°95 63°15 
Hydrogen...... 5°39 5°46 5°26. 
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Dihydroxyphenols. 
Il. Pyrocatechol ........... seove BOCES } Ja 
Resorcinol cecccce 12°285 0°737 


This difference may possibly be less accurate than the others, as 
the rotations of the substances are calculated from those of their 
aqueous solutions, still it is of the same order as the usual difference 
between orthio- and para-compounds. 


Oxides. 
Mol. rot. Diff. 


III. Orthotolyl methyl oxide .... 15190, _ 4, 
Paratoly] ‘ a nine 14-712! niet 
Metatoly] "TLL w46set —0°066 


In these examples, the ortho-compound is shown to have consider- 
ably the highest rotation, whilst the meta- is nearly the same as the 
para-, but a trifle higher. 


? 


Hydrocarbons. 
Mol. rot. Diff. 
IV. Orthoxylene ...........+06-. 13345, _o, 
Paraxylene a 128103 0°535 


Molexylone .....: veceeeeee 12-959 +0°049 


This comparison again shows similar differences, except that the 
meta-compound is slightly higher than the para-, which is unusual. 
The following is a more complex example, but the compounds 
evidently stand to each other as ortho- and meta-derivatives, because 
pseudocumene being a 1 : 3: 4- and mesitylene a 1:3: 5-compound, 
the two first numbers are the same. 
Mol. rot. Diff. 
Pseudocumene ....... anaes - 13°998 
Mesitylene .... 13°366 — 
The result is similar to the other examples, although a trifle higher 
than in the xylenes. 


Ethereal Salts. 
Mol. rot. Diff. 
V. Ethylic methylsalicylate ......... . 17156 _0-477 
», metamethoxybenzoate..... 16°679 
»  Orthotoluate.......e.ee0-- 15°065 
»  Pparatoluate .......ecceeee Ld 744 
The ortho-compound again, in all these cases, has the largest rota- 
tion. In the first instance, the difference is about the same as that 
found between the ortho-, para-, and meta-tolyl methyl oxides and 
xylenes, whilst in the latter the difference is rather smaller than in 
the previous examples. 


—0°321 
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Vitro-compounds. 
Mol. rot. Diff. 
VI. Orthonitrotoluene ..........6. ant _ 0-592 
Paranitrotoluene .......... --. 10214 


Again the ortho- gives the largest rotation. 


Halogen Compounds. 
Mol. rot. Diff. 


} —0-473 


VII. Orthochlorotoluene............ 13°719 
Parachlorotoluene..... oubddees 13°246 
Orthobromotoluene .........-. 15°674 
Parabromotoluene ouce JRE 
Parachloraniline............+. 17°066 
Metachloraniline..........+e.. 16°969 

These show similar differences between the ortho- and para-, and 
again the meta- is slightly lower than the para-compound. 


\ —0°507 


\ —0-097 


Bases. 
Mol. rot. Diff. 


VIII. Orthoanisidine....... 18-722 } _0-416 
Para-anisidine 18°306 
Orthophenylenediamine 19°391 
Metaphenylenediamine 18°843 
Orthotoluidine 17°200 


\ —0'548 


—1-012 


In these instances, orthotoluidine stands out in a very prominent 
manner, just as the influence of the NH, group is very large in the 
base. The reason why anisidine does not do so as strongly is probably 
due to its containing oxygen. 

The metatoluidine is seen to give very slightly higher results than 
the para-compound. 

It is rather remarkable that diamines do not show a larger differ- 
ence for position, but it has been noticed that although the first 
introduction of the NH,-group greatly affects the rotation, yet that 
of a second does not influence it nearly so much. The same kind of 
result evidently occurs in reference to position. 


Hydrochlorides of the Bases determined in Aqueous Solution. 
These give the following results. 
Mol. rot. Diff. 
Hydrochloride of dimethylorthotoluidine... maths _ 0-240 
” »» dimethylparatoluidine.... 18°465 
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The difference is of the ordinary kind, but smaller than usual. It 
is a very remarkable result, because the rotation of the bases them- 


selves ave relatively so dissimilar. 
Mol. rot. Diff. 


Hydrochloride of orthophenylenediamine... 21°329 _1-116 
‘5 »» paraphenylenediamine... 20°213 : 
~ », metaphenylenediamine ... 20°345 } +on0s 
With these hydrochlorides, the difference for the ortho-position is 
of the same kind, but about twice as large as usual, whilst the meta- 
and para-compounds, as in other cases, do not vary much, except 
that the meta- is rather higher than the para-compound. In all 
these hydrochlorides, and especially in the latter, which are dihydro- 
chlorides, the variations in the amount of the differences may be due 
to the influence of the water on them not being the same in all cases. 
From the large number of differences given, it is seen that ortho- 
compounds have considerably higher rotations than para- and meta- 
compounds. Excluding orthotoluidine, which has an exceptionally 
high rotation, and also those numbers resulting from the examina- 
tion of substances in aqueous solution, which, although showing the 
influence of the ortho-position as the others do, may not be quite so 
trustworthy, the remaining 10 differences are found to vary between 
0°622 and 0°417, the average being 0°517; whilst in the case of the 


meta- and para-positions, the variations are very small, the meta- 
compound in some cases being the lower, but in others the para-. 

In one set of comparisons, it is difficult to know how to interpret 
the result, namely, in the case of carvacrol and thymol, which have 
the following rotations. 


Mol. rot. Diff. 
Carvacrol......eessee coveseee§ 16313 
Thymol...... ooveeee aunt ais 
The positions in the former are CH;:OH: C,H, = 1:3:4, whereas 
in the latter they are as CH;:OH:C,H;=1:2:4. So that in carva- 
crol the hydroxyl is meta- to the methyl and ortho- to the propyl, 
and in thymol the hydroxy] is ortho- to the methyl and meta- to the 
propyl. ‘The question is which of these hydrocarbor radicles should 
be taken as holding the position of reference. The rotations, how- 
ever, are seen to vary, though the difference between them is of a 
somewhat indefinite kind, being rather too small if they are related 
as ortho- and meta-. 
Amongst the ethereal salts of the benzenedicarboxylic acids, there 
is one inconsistency which it is difficult to understand, thus 


Mol. rot. Diff. 
(Ortho) Ethylic phthalate...... wicca | —0792 
(Para) » terephthalic... 16°117 
(Meta) ., isophthalic.... 16-942} +825 
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The difference between the ortho- and para-compounds shows the 
ortho- to have the higher rotation as usual, although it is larger than 
is generally found; the especially exceptional feature, however, is 
the meta-compoynd, in which the rotation is as high as that of the 
ortho-compound. The cause of this is very obscure, and must be due 
to some secondary influence. 

Before passing from the subject of relative position, it is of 
interest to see how the compounds, whose rotations are influenced by 
it, compare with phenyl compounds in which it does not exist. Thus, 
for example, how the toluidines are related to aniline, the cresols to 
phenol, &c. In the following list, the rotations of the phenyl com- 
pounds are subtracted from those of similar substances differing in 
composition by CH), so that those which show the usual variation of 
rotation for this difference evidently must have rotations of a kind 
similar to those of the phenyl compounds. The difference given is 
that resulting from the subtraction of the rotation of the substance at 
the bottom of each set from that of each of those above it, 


Mol. rot. Diff. for CH. 
Metatoluidine............ 16°210 0°134 
Paratoluidine 16188 0-112 
Orthotoluidine........... 17°200 1124 


Aniline 16:076 


Metacresol ......... www” 3S 
Paracresol......... ieee cee 12°869 
Orthocresol........... r 13°382 


Phenol.. .. 12:140 


Metatolyl methyl oxide .. 14°646 
Paratolyl i sxe” See 
Orithotolyl _,, eg 3 APO 


Phenyl methyl oxide,. 13:958 


Parachlorotoluene 13°246 
Orthochlorotoluene.......  13°719 


Chlorobenzene....... 12°510 


Parabromotoluene........ 15°167 
Orthobromotoluidine 15°674 


Bromobenzene....... 14506 
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Diff. for CHg. 
Paraxylene . 0°653 
Orthoxylene 1188 


Ethylic paratoluate , 0°890 
»  orthotoluate ; , 1211 


; benzoate 


From these comparisons, it is evident that ortho-compounds differ 
from the corresponding phenyl compounds by from 1°178 to 1°242, 
the average being 1°210 for difference of composition by CH, (exclud- 
ing that of orthotoluidine, 1°124), whilst, for the para-, the differences 
are, again omitting that of toluidine, from 0°653 to 0°890, and the 
meta-, which agree closely, average 0°662. On referring to p. 1077, 
it will be seen that the difference between ethylic benzoate and 
a-toluate, namely 1'128 for CH,, is very similar to that between aniline 
and orthotoluidine ; between toluene and ethylbenzene 1-257; and 
between the phenyl methyl and ethyl oxides, 1:171; so that these 
differences are very similar to those between phenyl compounds and 
the corresponding ortho-compounds containing one CH, more. From 
this it is evident that, in their rotation, ortho-compounds agree 
closely with phenyl compounds. 


II. The a- and B-positions in the Naphthalene Series. 


The following are two sets of comparisons. 


a-Naphthyl ethyl oxide ........ 
B-Naphthyl ethyl oxide ........ 
a-Naphthylamine........... cee 
8-Naphthylamine 


These differences show that the a-compound compares with the 
ortho- in the benzene series, inasmuch as it is higher in rotation than 
the B-compound. The differences, however, are between two and 
three times as large, and, as in the case of the ortho- and para- 
toluidines, the naphthylamines show the largest difference. 


Irregularities in the Rotation of some Methylated Phenolic Compounds, 
also of some Tolwene and Naphthalene Derivatives of the Dimethyl- 
toluidines and Dimethylnaphthylamines. 


The number of substances which do not seem to behave normally 
in respect to position is probably less than appears at first sight, 
because one abnormal product, if used as a standard for reference, 
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makes those compared with it appear exceptional, as will be seen 
from the following considerations. 

In Table VI (p. 1127), it is seen that the derivatives of pyrocatechol 
and homopyrocatechol do not differ very much in respect to their methy] 
displacement ; being dihydroxybenzenes, it is not likely that they 
should behave in quite the same manner as the monhydroxy-com- 
pounds. In the case of pyrocatechol, they stand to each other thus. 


Diff. 


2°150 
1°665 


WEG Dkk ce ceine arene 
Guaiacol ........ 
Pyrocatechol ..........+.. ‘ 


Average ..... 


From this, it appears that the hydrogens of the different hydroxyls 
displaced give different numbers. 

In the case of homopyrocatecho], the separate substances with 
these different displacements have also been examined, and we get 


Mol. rot. Diff. 

Dimethylhomopyrocatechol.. 17°484 : 
2°079 
Creosol 9-099 
Homopyrocatechol 


Average. 


Considering that these compounds are not quite comparable, there 
is a fairly close analogy, and it is worthy of notice that the average 
result for the influence of methylation in these cases is only a little 
more than that of mono-displacements in the ordinary phenols, 
namely, about 1°800. 

The effect of methylation on resorcinol is, however, anomalous, as 
the rotation is increased by a much smaller amount than in the above 
cases, namely, by 1411; therefore, if dimethylresorcinol were used 
as a substance for reference in connection with the methylated ortho- 
dihydroxybenzenes, an unusually large difference would be found, 
and this would be misleading. 

Asimilar kind of anomaly to the above occurs in the case of salicyl- 
aldehyde, and apparently also in salicylic alcohol (saligenin), the 
increase of rotation for one methyl being only 0°901, or about that 
usually found in the fatty series; this is unexpected, because, in the 
closely allied compound, ethylic salicylate, it amounts to 1°790, or 
about the usual amount for monhydroxy-derivatives, though the 
group -COOC,.H,; is, no doubt, of a more rigid character than that 
of COH, or even -CH,-OH. 

With respect to the methylation of trimethylpyrogallol, the influ- 
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ence of the methyl groups is also very small, and its rotation appa- 
rently abnormal. 

In some of these low-rotating methylic compounds, it is most likely 
that the oxygen has taken the ketonie condition, and the methyl is 
united with an adjacent carbon group, in the manner referred to on 
p. 1140; it is also probable that some may be mixtures of this with 
the normal form of methylated compounds. 

Instances of an opposite character to the above, in which the 
rotation is high, occur in the case of some para-compounds ; dimethyl- 
quinol, for example, when compared with the ortho-compound, 
veratrol, appears to have a higher rotation than would be expected, 
the former being only 0°125 lower than the latter, instead of about 
0°517. 

But the most marked examples are those of anisaldehyde and 
ethylic anisate. From Table VIII (p. 1128) it will be seen that the 
aldehyde has a rotation of 1:170, and the ethereal salt of 0°735, 
higher than they should have according to the ordinary relationships 
(the refractive power of ethylic anisate is also high), whilst anisic 
alcohol (prepared from the aldehyde by means of caustic alkali), 
gives a rotation which is about normal. 

It is unfortunate that neither the ethylic nor the methylic salts 
of parahydroxybenzoic acid, or of parahydroxybenzaldehyde, lend 
themselves to measurement, otherwise we might be able to ascertain 
whether any peculiarities exist in their rotations, or whether those 
found in their methylic derivatives are due solely to methylation. 
From the very high numbers obtained, it appears likely that the 
initial substances are exceptional in character, and, if so, this would 
point to the probable existence of two varieties of parahydroxy- 
benzoic derivatives, although at present it cannot be seen how this is 
possible. There is, however, one matter worth referring to in con- 
nection with this view. It has been seen that anisic alcohol (pre- 
pared from the aldehyde by the action of alkali) behaves normally ; 
now this, according to Cannizzaro, fuses at 25°. A specimen of my 
own preparation, purified by thorough draining on a porous plate, 
melted at 21—21°5°, but Biedermann (Ber., 1886, 19, 2375), who 
prepared parahydroxybenzoic alcohol from parahydroxybenzaldehyde 
by the action of nascent hydrogen, obtained, by methylation of the 
product, an anisic alcohol, having a fusing point of 45°, so that, 
unless there is some mistake with regard to the latter, it would appear 
that two anisic alcohols exist. - 

Another exception, similar to that of ethylic anisate, is found in 
the case of ethylic «-naphthoate, which, however, cannot be due to 
methylation, thus 


Diff. 
a-Ethylic naphthoate 7 — 02 
B-Ethylic naphthoate . 


In this comparison, the 6-compound, which should correspond to a 
meta- or para-derivative, has a higher rotation than the a-compound, 
instead of being about 1°54 lower. (The refractive powers of these 
compounds are also in agreement with their rotations.) 

The corresponding comparison of ethylic methysalicylate and the 
anisate give— 

Mol. rot. Diff. 
Ethylic methylsalicylate soon TPR } _— 0-129 
Ethylic anisate 17°285 


Most remarkable parallel anomalies are found in the toluene and 
naphthalene series, in connection with the nitriles and dimethylated 
monamines. 

Taking the nitriles first (the ortho- and e-compounds being appa- 
rently normal), the comparisons give— 


Orthotoluonitrile 

Paratoluonitrile 

a-Naphthonitrile ‘ _ 1-476 
B-Naphthonitrile , 


In both these sets of comparisons, the differences vary in a similar 
manner, although to a different degree, those connected with the 
naphthalene compounds being by far the largest, as might be ex- 
pected. is me 

It would have been anticipated, however, that the paranitrile 
would have had a rotation about 0°52 smaller than the ortho-derivative, 
instead of which it is practically the same, whilst the f-nitrile should 
have a smaller rotation than that of the a-compound by about 1°50. 

These nitriles, however, although analogous in their rotations, 
differ somewhat in their properties, those of the toluene series yielding 
ortho- and para-toluic acids, the ethereal salts of which give rotations 
showing the ordinary kind of difference between ortho- and para- 
compounds, though rather smaller. The naphthonitriles, on. the 
other hand, give acids, the ethereal salts of which, as seen above, yield 
an abnormal difference of the same character as the nitriles, though 
smaller, so that in this case the peculiarity of character follows on 
from the nitriles to the acids. 

Of all the results which have as yet been obtained, the most 
remarkable are those in connection with the dimethylated toluidines 
and naphthylamines. Their peculiarities have already heen referred 
to (p. 1108). 

VOL. LXIX. 4a 
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Before considering their rotations it may be of interest first to 
refer to their boiling points. 

The effect of dimethylation on aniline is to increase the boiling 
point 9°. In the case of paratoluidine, the increase is rather larger, 
namely, 10°9°, but with orthotoluidine there is a reduction of boiling 
point of no less than 14°, whilst on comparing the dimethyl deriva- 
tives it is found that dimethylorthotoluidine boils 25°7° lower than 
dimethylparatoluidine. 

The difference in the boiling point of a- and A-napthylamine is 
5°3° (at 760 mm.), the latter being the higher of the two; but 
a-Aimethylnaphthylamine boils 28° lower than A-dimethylnaphthy]l- 
amine (both under a pressure of 69 mm.) the relationship being 
similar, but larger than in the case of the dimethylated toluidines. 
These differences are very remarkable. 

In the following table the rotations and differences are given, and 
also the rotations calculated on the assumption that the substances 
would give normal results, the para-compounds being taken as of 
the normal kind, which is borne out by analogy, the A-naphthalene 
compounds which represent either the para-. or meta-derivatives 
being regarded from the same point of view. 


: Expected 
Mol. rot. Diff. i: 


Dimethylparatoluidine........ 22 *842 _ 
6 654 
Paratoluidine.........+.se0+- 16°188 


1°417 
Orthotoluidine ...secevecsoess 17 °200 


Dimethyl-8-naphthylamine....| 47 °377 _ 
Stieodine 11-677 


Dimethylorthotoluidine .......| 18°617 } 


B-Naphthylamine............| 35°700 


—1°484 


Dimethyl-a-naphthylamine....| 35 °994 } 
a-Naphthylamine...........+.| 37 °478 


From this it is seen that the influence of methylation only raises 
the rotation in the case of orthotoluidine less than a fourth as much 
as it does in paratoluidine, in fact, rather less than it would in the 
fatty series, and, therefore, a slight reduction occurs. The rotation is 
also seen to be 5-078 less than might be expected. Inthe case of the 
a-naphthylamine compounds, the rotation has actually been diminished 
by 1:484'by methylation, and the result is 13'161 lower than anticipated. 
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The effect of saturation on the nitrogen of the dimethyltoluidines 
by converting them into hydrochlorides was tried, and the result 
was again very remarkable, thus: 


Hydrochloride of dimethylorthotoluidine .... 18°705 
os dimethylparatoluidine .... 18°465 


Diff. due to position. . 0:240 


In these compounds it is seen that all the pocaliaritiee of the 
bases have entirely passed away, and they are related in the same 
way as ordinary ortho- and para-compounds, except that the 
difference is slightly smaller than usual. No doubt similar results 
would be obtained with the two dimethylnaphthylamines. 

Now, this change has come about by saturating the nitrogen. It 
would appear that the nitrogen is the active cause of the peculiari- 
ties of the free bases, but nitrogen as NH, does not cause these 
remarkable results until it is methylated and converted into N(CHs)2, 
probably the influence of the methyls may simply act as accentuating 
the properties of the nitrogen. 

The rotations of orthodimethyltoluidine and dimethyl a-naphthyl- 
amine being so much lower than that of the corresponding para- and 
B-compounds, can only be explained on the assumption that they are 
less unsaturated. It will be seen further on (p. 1141) that as satura- 
tion increases, the rotation greatly diminishes, especially in the 
aromatic series. 

The low boiling points of these bases are also in agreement with 
this view, because saturated aromatic compounds, in most cases have 
lower boiling points than unsaturated. 

For these bases to be less unsaturated than the correspending 
para- and @-compounds, requires that the two valencies of the 
nitrogen which are usually free, should influence the carbon of. the 
benzene ring ; thus, taking a section of the latter, the relationships of 
these bases may be represented as follows. 

N(CHs)s p—N(CHs)» : 
-HC: -HC—C- 
Dimethylpare- and f-. Dimethylortho- and a-. 

It is seen that this second arrangement must break down on ‘the 
formation of a hydrochloride, and this is in agreement with the 
rotation.* 


* If this condition of things exists in these bases, it might occur also in the 
rosaniline bases, and furnish an explanation why they are colourless in the free 
state but form coloured salts with acids, because the partial saturation of one of 
the nuclei would probably be quite enough to account for the colourless condition, 
whilst the formation of the salt would cause it to become normal, one. thus 
possessed of colour, 


4G 
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This view is in many respects very similar to that which is be- 
lieved to occur on methylating some hydroxy-compounds, where the 
normal and abnormal results are represented thus 

MeO 
-HC:C 

The above is not the only possible arrangement, another might be 
imagined in which the nitrogen remains only singly united to its 
original carbon, whilst its fourth and fifth valencies influence two 
other carbons of the nucleus. 

Some rough experiments were made in reference to the heat 
evolved on the union of ortho- and para-dimethyltoluidines with 
hydrochloric acid, because it appeared probable that if these internal 
saturations exist in the ortho-base, and are broken up on its union 
with an acid, the heat given off should differ in amount from that 
evolved by the para-base under the same circumstances. The result 
of the determinations was that with the ortho-base considerably more 
heat was evolved than with the para-base. ; 

Similar experiments were made with ortho- and para-toluidine to 
see what difference position would make, and it was found that there 
was a slightly greater rise in the temperature with the para- than, 
with the ortho-compound, or the reverse of that found with the 
methylated compounds. 

The acid used was strong (26 per cent.) and in the proportion of 
four to one of base for the methylated compounds, but much more 
dilute for the toluidines. Para-toluidine being solid was examined 
in solution in its own weight of orthotoluidine. 

These experiments were made side by side but without taking any 
special precautions, still the indications they furnish seem to be 
of sufficient interest to make it desirable to further investigate this 
subject. 

Another question of interest is, why should the orthotoluene and 
f-naphthalene compounds behave in an analogous manner; what is 
there in common between them? The only point of resemblance is 
that a carbon ortho- to the -CN or N(CH;), groups in both cases is 
in union with a second carbon group, thus 


N(CH;). 
C HsG ; 
In dimethyl-orthotoluidine. 


Unsaturated Compounds and Influence of Stereoisomerism. 


_ The substances referred to under this heading consist of benzenoid 
compounds, with side chains containing an unsaturated group. They 
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are of two classes, namely, those in which the unsaturated group is 
indirectly attached to the benzene nucleus by intervening saturated 
carbon groups or oxygen, and those in which it is directly united. 
The former will be considered first. 


Class I, 


Allylic Benzoate.—The following is a comparison of the rotation of 
this substance with its representative containing a saturated chain. 
Mol. rot. 
Allylic benzoate .....eeececeeecece 15°722 
Propylic benzoate ......... eveccce 14°873 


Diff. for unsaturation by —H,.. 0°849 


This difference, though rather smaller, is similar to that found in 
other allyl displacements; in the fatty series, those found for 
allylacetic acid and ethylic allylmalonate are 0°918 and 0°914 respec- 
tively. The comparisons, however, are not quite of the same kind, 
as these products are allyl displacements in the acid radicles, and 
not allylic salts. In allylic benzoate, the screening between the 
nucleus and the unsaturated group is extensive, and probably quite 
enough to entirely stop the one from influencing the other. It con- 
sists of -CO-O-CH,-, thus 


Allylic benzoate = C,H,|CO-O-CH,|CH:CH,. 
Phenyl Allyl Oxide. 


Compared in a similar manner to the previous substance it gives 


Phenyl allyl oxide ............ 
Phenyl propyl! oxide 


Diff. for unsaturation by —H,  0°947 


This difference is a trifle higher than that given in the foregoing 
case just referred to. This might be expected, because the groups 
are not of so effective a screening character as in allylic benzoate, 
consisting only of -O-CH,-, thus 


Phenyl allyl oxide = C,H; | O-CH, | CH°CH3. 
Paratolyl Allyl Oxide. 


The compounds containing saturated chains and corresponding to 
this and the next substance have not been examined; therefore, to 
study the rotation of these it will be necessary to find the value of the 
allyl group, as nearly as possible, because if this resembles that found 
in fatty compounds, the difference for unsaturation must also be 
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similar, In the case of paratolyl allyl oxide this can be done by 
comparing it with paratolyl methyl oxide, and allowing for the CH, 
in excess due to the methyl. (Comparisons with paracresol would 
not be suitable.) ; 
Mol. rot. 
Paratolyl allyl oxide .....secccccecesccccseees 17571 
Paratolyl methyl oxide —CH, (14°712—1°037).... 13°675 


Allyl disp. H........  3°896 


In allylacetic acid and. ethylic allylmalonate, the value for allyl 
displacing hydrogen is 3°871 and 3°901 respectively, The screening 
here is the same as in the previous example of phenyl allyl oxide, 
namely, -O-CH,-, thus 


Paratoly] allyl oxide CH,'C.H, | OCH, | CH:CH,. 


Eugenol.—The substance most nearly related to this which has 
been measured is guaiacol, the former being a para-allyl derivative 
of this compound. The rotations of these two substances are 


Mol. rot. 
Eugenol eeveccce eveceee 18°727 
Guaiacol ...cccccscccccee 14689 


Allyl disp.H......  4°088 


The difference between these rotations for allyl displacing hydrogen 
is analogous to that found in the fatty series but a little higher. 
There is a defect in the above comparison, because the displacement 
of hydrogen by allyl, in the para position, is not likely to be the 
same as it would be in a benzene compound where relative positions do 
not exist ; in fact it would probably be lower, so that the above number 
is too high rather than too low, and simply due to the screening in- 
fluence of CH, being less than that of the oxygenated groups in the 
previous examples. The following shows its position. 

O-CH,;(OH)C,Hs; | CH, | CH:CH,. 
So that in the cases of allylic benzoate, paratolyl allyl oxide, and 
eugenol, some idea of the influence of the groups, -CO-O-CH,-, 
O-CH,-, and CH,, when screening off the -CH:CH- from the nucleus, 
the first being the most perfect, the second less so, and the third 
the least of the three. 

The relationship of eugenol to isoeugenol is considered further on. 


Class II.—Cinnamene, Allylbenzene, and Butenylbenzene. 


These three hydrocarbons are more closely related than their 
names indicate. Cinnamene may be regarded either as phenylviny]l, 
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or phenylethylene, the others being methyl derivatives of this com- 
pound. This will be seen from the following table, which also gives 
their molecular rotations and their differences. 


Diff. for 
Substance. Moi. rot. CH; disp. H. 


\ 1:558 


Cinnamene, phenylethylene, CsH,CH:CH, 16-041 
Allylbenzene, phenylmethylethylene, \ 17-599 
CoH CH:CH-CHyg ...scccccccccccees \ 0-763 

B-Butenylbenzene, phenyldimethylethyl- $ 18-362 
ene, C.Hs-CH:C(CHs5)2.....sesececees —— 
Average.. 1112 


In this series, the first displacement of hydrogen by methyl in- 
creases the rotation more than would be expected by the change of 
composition ; this is probably due to the influence of the phenyl and 
the unsaturated group. The second result being smaller may be 
because the amount of influence is spread over both methyls, so that 
in the dimethyl compound the methyls would have the average 
values of 1°112. 

These hydrocarbons when compared with their representatives 
with saturated chains give 


Diff. for unsatu- 
Substance. Mol. rot. 15°. ration by —H;. 


CREE Ncccenscvessss OCR . 

Ethylbenzene..........--. 13°414 aad 
Allylbenzene .....eees-e6. 17°599 
Propylbenzene.......e+0+5 14553 
f-Butenylbenzene......... 18°362 
Butylbenzene (calc.) ...... 15°630 


3°046 
2°732 


Average .. 


From these examples, it is seen how much more the unsaturated 
group affects the rotation when in direct union with the benzene 
nucleus than it does when the intervening groups CO-0-CH,, 
-0-CH,-, or -CH,- separate them, being more than three times as 
great as when this is the case, as in Class I. In the fatty series, 
the effect of unsaturation is not always quite the same; as already 
mentioned, in allyl compounds it is about 0°918, but in most others 
its average value is about 1:112, so that it is not surprising to find it 
fluctuate also in the above hydrocarbons and other aromatic com- 
pounds. 


* These numbers vary a little from those already given (Trans., 1892, 61, 830), 
owing to the averaging in of fresh determinations and calculating the results as a 
whole, instead of taking averages of various determinations. This will apply to 
some other numbers already published. 
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Indene Synthetical—This does not strictly belong to this class of 
hydrocarbons, but it is convenient to refer to it here on account of 
its relationship to allylbenzene, which may be seen from the following, 


/~\__CH \___ CH 
| | don | Sou 
\/ OB; \/ CH 
Allylbenzene. »- +>» Indene. 
The difference between indene and hydrindene is small for the 
variation in composition of H,. “It is as follows 
Mol. rot. 
16°202 
13°928 


Diff. for H,.. 2°274 


On reference to the above table, it will be seen that if the com- 
parison were strictly correct, which it is not since it refers to a ring 
compound, it would be about 2°834 in the case of bydrindene. 
Nevertheless, it would seem that the CH; group attached to the 
nucleus in this manner weakens the influence of the unsaturated 
group, and it is interesting to notice that the effect of the conversion 


of allylbenzene into indene by loss of H, is actually attended with 
lowering of the rotation, through the free end of the chain forming 
# second junction with the benzene ring. The following comparisons 
show the difference 


Mol. rot. 
Allylbenzene ... seeee 17°596 
Ds a 6amitdnes ccoe 16°202 


1394 

That this kind of junction, with loss of H,, even when no satu- 
rated group is present, does not act on the rotation to such an 
extent as that of ordinary unsaturation by loss of H:, is seen by 
comparing dibenzyl, stilbene, and phenanthrene, the difference 
between the first two being more than twice as great as that between 
the last two (see pp. 1150, 1151). 

In most of the following examples of substances connected with 
the second class, another influence has to be taken into account 
when considering that of unsaturation, namely, stereoisomerism, such 
as is found in relation to maleic and fumaric acids, and it may be 
well, therefore, to consider this before proceeding further. 

The only two isomeric substances of the same constitution in the 
aromatic series, which differ from each other in this respect only, and 
which have been measured, are the methylic salts of a-and f-ortho- 
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methoxyphenylacrylic acids, coumarin being the starting point for 
the preparation of the first, and methylsalicylic aldehyde for the 
second (Trans., 1877, i, 414, 417, &c.) ; in fact it was with a hope of 
getting some’ clue to the variations between these substances that I 
originally commenced the study of the magnetic rotation of com- 
pounds. The formula for these methylic salts is 
CH;0-C,H,CH:CH:CO-OCH;. 
Their rotations are 

Mol. rot. 

Methylic B-orthomethoxyphenylacrylate cove  22°359 

- a-orthomethoxyphenylacrylate ......... 21°89] 


Pe. s cwiasesete dpe 0°468 


This difference is very similar to that existing between the rotation 
of the ethylic salts of fumaric acid and maleic acid, which is 0°487 
(Trans., 1888, 53, 601). It is well to bear in mind that this amount 
varies in the case of the compounds of the fatty series (being 0°716 
between the ethylic salts of mesaconic and citraconic acids, the 
highest result observed), and in like manner it may not always be 
the same in the aromatic series. The trans or fumaroid compound 
has always the largest and the abnormal rotation in both series, 


Cinnamic Compounds. 


In the following table, the rotations of the compounds of this 
series which have as yet been measured are compared with those 
of their representatives with saturated side chains. 

Diff. for unsatu- 
Mol. rot. ration by —H3. 
Ethylic cinnamate....... . 20°006 } 3-837 
»  hydrocinnamate... 16°169 
Cinnamaldehyde ......., 17°885} 3-794 
Hydrocinnamaldehyde*... 14161 
Cinnamic alcohol . 17940 3-995 
Hydrocinnamic alcohol*.. 14°715 
Cinnamic ketone (benzyl- 19°235 
idene acetone) } 4°323 
Hydrocinnamic ketone*.. 14912 


_ These results are in all cases, except that of cinnamic alcohol 
much higher than the difference for unsaturation of the hydrocarbons 
(2'834); that the rotation of the alcohol is also somewhat above 


* These numbers were obtained by adding the difference for C,H, found between 
ethylie benzoate and hydrocinnamate, namely 2°315, to benzaldehyde, benzylic 
alcohol and acetophenone respectively. 
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this amount is probably due to the difference for unsaturation in 
this series being slightly higher than that of the hydrocarbons. 
The largeness of the results obtained with ethylic cinnamate and 
cinnamic aldehyde is no doubt due to these compounds being of a 
fumaroid character, because if the variation in rotation due to this 
influence, as found between ‘the a- and B-methylic orthomethoxy- 
phenylacrylates (0°468), be subtracted from these differences, the 
remainder is nearly the same as that found for cinnamic alcohol, thus 


Diff. for ethylic cinnamate .............. 3°837 
Less diff. for stereoisomerism..........-. 0°468 


Diff. for unsaturation by —H;.. 3°369 


Diff. for einnamaldehyde,....... ‘ 3°724 
Less diff. for stereoisomerism...........- 0°468 


Diff. for unsaturation by —H,.. 3°256 


Diff. for cinnamic alcohol for unsaturation \ 3.995 


Average...e.. 3°287 


These results are interesting, because they show not only that 
ethylic cinnamate, in accordance with the researches of Liebermann, 
is a fumaroid compound; but also that cinnamic aldehyde is of this 
nature, and at the same time they indicate that cinnamic alcohol is a 
normal compound. 

Again, with respect to unsaturation, these compounds all show how 
extremely large the effect of this is when the unsaturated group 
is in direct union with the benzene nucleus, averaging, in these 
cases, 3°287, ba 

In passing, it may be as well to remark that as cinnamic 
acid and orthomethoxyphenylacrylic acid (that is, methylcoumaric 
acid), which are prepared from benzaldehyde and methylsalicyalde- 
hyde, by means of acetic anhydride and sodium acetate, are both 
fumaroid compounds, probably all the acids produced from the 
aromatic aldehydes by this method are compounds of this de- 
scription. 

Cinnamyl Methyl Ketone (Benzylidene-acetone), 

C,H,;CH:CH:CO-CH;. 

The difference between this compound and its saturated repre- 
sentative, as seen in the foregoing table, is very high, and it is 
difficult to be sure of the real cause, as three different influences 
may be connected with it. The chief, no doubt, is unsaturation, 
and probably is similar in amount to what it is in the other cin- 
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namic compounds, namely, 3°287, but this leaves 1‘036 to be accounted 
for; this may be due to either one or two causes, that is to say, it 
may result solely from the presence of a certain amount of a tauto- 
meric form of the ketone, or to this combined with stereoisomerism. 
The existence of the first influence might perhaps be detected by 
measuring the rotation at temperatures wide apartyand ascertaining 
whether it changes materially, as is usual with tautomeric compounds 
of this class, but at present this has not been done. There can be 
no doubt, however, as to this substance having at least the same 
difference for unsaturation as the other products related to it. 

Methylic «- and B-Orthomethoxyphenylacrylates—The difference 
between these two substances in respect to stereoisomerism has been 
considered, but nothing has been observed in reference to the con- 
sistency or otherwise of their rotation when compared with that 
of other related compounds, the means for comparison unfortunately 
not being very good. Taking the A- or fumaroid-compound, it repre- 
sents ordinary methylic cinnamate with hydrogen displaced by CH;O 
in the ortho-position. Methylic cinnamate has not been measured, but 
if it be assumed that it differs from the ethereal salt in the same 
way as methylic benzoate differs from its ethereal salt, namely, by 
1111, the rotation will be 18°895, and if to this the value of CH;O 
in the ortho-position of a hydroxy-acid, be added (found by subtracting 
the rotation of ethylic benzoate from that of ethylic methylsalicylate), 
namely, 3'302, 22'197 is obtained for the rotation, 22°359 having been 
found. This is as close as could be expected from such an estimate, 
where all the differences used in the comparisons are taken from a 
series varying by +H,. The rotation of this compound may there- 
fore be considered consistent with that of cinnamic acid. The rota- 
tion of the a-compound is also in agreement with this, because it 
simply differs, as before shown, from the f-compound in the same 
way that ethylic maleate does from ethylic fumarate. 

Isoeugenol.—This is a very interesting compound, because, when 
compared with eugenol, it shows how greatly substances of Class I 
and Class II differ. The difference of structure of these compounds 
is as follows 

Eugenol, OCH;°C,H;(OH)-CH.°CH:CH,, 
Isoeugenol, OCH;'C,;H;(OH)-CH:CH:-CH;,. 

the unsaturated group being separated from the nucleus by CH; in 
the former case, whereas it is in union with it in the latter. 

The comparison of their rotations shows what the difference due 
to the screening influence of CH, amounts to in this case. 

Mol. rot. Diff. 
Isoeugenol ....seeeee cova? ; 
Eugenol secese | auune one 
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Anethole—This being a derivative of methylparahydroxyphenyl- 
crotonic acid, which is a fuwmaroid compound, is, no doubt, also a 
compound of this character. It is also closely related to isoeugenol, 
thus 

CH°CH-CH CH:CH:-CH; 


VY) oor, 

OCH, OH 

Anethole. Isoeugenol. 
the one substance being a methylated derivative of a monhydroxy- 
phenol, and the other a monomethylated derivative of a dihydroxy- 
phenol. 

After subtracting the amount due to the fumaroid condition from 
the rotation of anisoil, it may be compared with that of isoeugenol, 
and will then show to what extent they vary for the difference of OH 
in their composition. 

Mol. rot, 
Isoeugenol cccccccccccs 21°469 


Anethole, 21089 — 0°468...... 20°621 
Diff. for OH....  0°848 


Substitutions in the para- and meta-positions are not usually very 
different in their effect on the rotation, so that a rough estimate of 
what this difference should be is obtained by subtracting the rotation 
of toluene from that of paracresol, thus 

12°869 — 12°157 = 0°712. 
This is not far from the above. 

It is interesting to compare this compound with its isomer, allyl 
paracresyl oxide. 

Mol. rot. 
Anethole, less fumaroid influence.... 20°621 
Paratolyl allyl oxide dvesow APSF 


3°050 

This gives much the same kind of difference, but, as might be 
expected, rather larger than that found between isoeugenol and 
eugenol (2°742), because the unsaturated group, -CH:CH-, in para- 
tolyl allyl oxide is separated from the nucleus, not only by CH:, as 
in eugenol, but also by oxygen ; thus the screening influence is greater, 
and consequently the rotation is lower. 

To estimate the rotation which complex aromatic substances should 
have, by calculation from that of some allied compound and the 
differences found in relation to other substances, must in many cases 
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be more or less inaccurate ; nevertheless, it has proved very useful in 
numerous instances, as it is important to test the magnetic rotation 
and see if this property varies consistently. 

The following is one of the methods which can be used in the case 
of anethole. 


Allylbenzene, C,H;;CH:CH-CH; 
Influence of OCH; as found in paratolyl methyl 


20°154 
Difference for fumaroid condition........ 0°468 


BED 6 6.ct ee ke cdddetinntiaesees ae 20°622 


It is seen that this does not vary very greatly from that found for 
anethole (21°089), though it is rather low. This, however, may arise, 
at least in part, from the estimate for the OCH; being too low, as 
it has been noticed that in para-methylated substances, such as 
dimethylquinol, this does not always appear to act regularly when 
in this position. 

In reference to the unsaturated compounds of Class II, there is a 
remarkable point worth noticing in relation to their rotations, and 
that is, that the effect of the introduction of the group -CH:CH- 
on their rotation increases the latter to a greater extent than the 
influence this group exerts in benzene itself (3°761). 

In the following comparison, the difference for the fumaroid condi- 
tion has been subtracted from the rotations of ethylic cinnamate and 
cinnamaldehyde. 


Diff. for 
Substance. Formula. Mol. rot. -—CH‘CH-. 


Cinnamene....... OC sH;*CH:CH:H 16°041 \ A757 
Benzene C,H; 11°284 
C,H,;-CH:CH:-CH; 17°599 
C,H; - 12°157 
Ethylic cinnamate. C,H;CH°:CH-CO-0°C,H;.. 19°538 
Ethylic benzoate .. CsH;—————-COOC,H;.. 13°854 
Cinnamaldehyde... OC,H;CH:CH’‘CO’'H ...... 17°417 
Benzaldehyde C,H; —-CO'H ...... 11°864 
Cinnamic alcohol.. OC,H,;,;CH:CH°CH,OH.... 17°940 
Benzylic alcohol ... C,H;- CH.0H.... 12°400 


The average of the last four differences is 5555; the first com- 
parison is with benzene itself, and not with a displacement compound 
of the hydrocarbon as in all the other cases, and gives a difference 
which ‘would not be suitable to take into the general average; but 


\ 5-442 
; 5-684 


} 5-553 


\ 5-540 
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although not quite so large as the other numbers, it is still much 
larger than that given above for -CH:CH- in benzene. 

Seeing that the unsaturated group attached to the beuzene nucleus 
is, in the above compounds, only a part of a side chain, it is difficult 
to imagine that its rotation can be actually larger than it is when 
forming part of the benzene ring. The only conclusion that can be 
come to is that its presence exerts an augmenting effect on the 
rotation of the nucleus. It has already been seen that whenever 
a -CH,- group enters the nucleus the rotation is increased more than 
is required by the change of composition; this, therefore, makes it 
appear the less strange, that when united with unsaturated groups of 
the same kind as those it is composed of, they should influence the 
rotation still more. 

In the foregoing examples, the unsaturated chain is united on one 
side with a benzene nucleus, and on the other with a saturated group ; 
it is of interest, therefore, to see what is the effect of uniting both 
sides with benzene nuclei. This occurs in the case of stilbene, and a 
comparison of the rotation of this with twice the value of C,H, less 


H,, will give the result, thus 
Mol. rot. 


DE. nv cwtscond seanences 33°143 
Colle M Blatt Men cccicccocces, BOO 


Influence of -CH:CH-... 11:083 


This shows that its effect has been more than doubled. 
The difference between stilbene and dibenzyl is also interesting, as 
it gives simply the effect of unsaturation. 
Mol. rot. 
Stilbene ....... spescccsccccccccecs SO 14S 
Dibenzyl ...ccccccccccccecs 24°977 


Diff. for unsaturation by —H,.. 8'166 


This is a very remarkable result, showing clearly that the influence 
of the group -CH:CH- evidently spreads over both the nuclei with 
which it unites, its effect being at the same time more than doubled. 

A comparison of the effects of this group when entering com- 
pounds under the following conditions, is interesting. 


Between two saturated groups.......... 3:127* 
one saturated and one benzene . 
5°555 
group eeeeeeeeeveeseee een eeee 
two benzene groupS ........-+ 11°083 


” 


9 


* Rotation of ethylic a-crotonate less than that of ethylic acetate, 7°589 — 
4462 = 3127. , 
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The relationships and the change in rotation which occurs when 
stilbene becomes phenanthrene by loss of H, is as follows. 


/ . ) 
\4 
Stilbene. Phenanthrene. 


Mol. rot. 
Phenanthrene....ccccccesecee 30°959 
Re ee ee re 33°143 


3°816 

This result is not so large as might at first sight be anticipated, but 
it does not represent a change of ordinary unsaturation, although there 
is a separation of H,, because in this case the loss is attended by 
recombination to form a third condensed nucleus. 

Looking at the hydrocarbons which have been examined, simply 
with respect to their composition, it might be thought that some 
relationship should exist between them relatively to the degree of 
unsaturation they appear to have. The following list has been com- 
piled with this object. 


Toluene C,H, 12°157 
Allylbenzene 2 C,H 17°599 
Hydrindene C,H, 13°928 
Indene.. ‘ C,H, 16202 
Naphthalene ...... C, Hs 25°125 
Diphenyl C,.Hio 25°304 
Acenaphthene...... C,2Hio 28°636 
Diphenylmethane .. C:;:H 23°845 
Dibenzyl.....+.... CyHy, 24977 
Stilbene ....... ay C,H 33°143 
Phenanthrene CuHy 36°959 
Triphenylmethane.. CyHon2. CisHis 36011 


Although the above rotations can only be compared in a general 
way, on account of the varying composition of the substances they 
represent, yet it is obvious that they do not, except in the cases of 
dibenzyl and stilbene, follow in any definite order. 

Taking, for example, the isomeric substances, allybenzene and 
hydrindene ; diphenyl, and acenaphthene, it is seen that their rota- 
tions differ largely. Although: naphthalene appears in this list as a 
2n—10 compound, containing C,H, tess than diphenyl, which is repre- 
sented as a 2n—14 compound, it has nearly the same rotation.” Again, 
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phenanthrene when compared with triphenylmethane, from which it 
differs by C;H,, and also very largely in apparent unsaturation (2n—18 
to 2n—22), yet has the higher rotation. 

This shows how greatly magnetic rotations are influenced by the 
arrangement of the molecules in the compound, and not simply by 
their composition. 


Section I1V.—Rerractive Power or Aromatic ComMpounps. 


Owing to the analogies which have been found to exist between the 
magnetic rotation and refraction of substances, chiefly thuse of the 
fatty series, it was of interest to extend the inquiry to some of the 
questions connected with this paper, especially those relating to pro- 
ducts belonging to the aromatic series. 

Up to the present no critical experiments have been made in con- 
nection with the refractive power of mixtures, regarded from the same 
point of view as their magnetic rotation described in the early part 
of this paper; I hope, however, to study this subject shortly. 

With respect to the influence of variation of temperature on the 
refractive power, this has already been shown to be of the same kind 
as that found for magnetic rotations (Trans., 1892, 61, 187, 1896). 
‘An additional result has, however, been obtained in connection with 
this subject, namely, the temperature difference of dimethyl-a-naph- 
thylamine, which amounts to 0°527 for 100° for the D-line. This is 
the highest yet obtained, «-naphthylamine giving the next highest, 
0°466. 

The points connected with the relationships holding amongst the 
ethylic salts of the aromatic acids, the mixed oxides, and most of the 
benzene hydrocarbons, have been discussed in relation to their rota- 
tion but have not yet been examined carefully in reference to their 
refractive power; the differences between the hydrocarbons for varia- 
tion in composition by CH, however, do not seem to be normal. 

The following are the principal subjects which have been con- 
sidered. as 

Mono-, Di-, and Tri-phenylmethane. 
Influence of the Phenyl Groups. 


The molecular refractions of the following series of compounds, 


calculated for cP and their differences, is given in the table. 
‘ Diff. for 
H.. C,H; disp. H, 
Methane. ..cc.csc.seovece. 10°200 . 
Telngns, BF. so ncesceeds ts 52-015} poe 
_ Diphenylmethane, 99°.,...° © 95°162 1 | 43857 
Triphenylmethane, 99° ..., 139-019 
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Here, as in the rotation, the influence of the phenyl group increases 
considerably with each addition, and in the same order, the rate of 
increase being greatest between the first and second. 


Diphenyl. 
Direct Union of Phenyl Groups. 


In the following comparison of diphenyl with benzene, it is neces- 
sary to correct the molecular refraction of the latter to 99° in order 
to make it comparable ; for this the temperature coefficient of toluene 
must be employed, as that of benzene has not yet been determined. 
This reduces it to 43°749, twice this, less H,, will be 85°898. 


Diphonyl ......csccces Kendaee 
Benzene x 2, less H 


This shows how much higher it is than in benzene, and, if divided 
by two, it gives 45°144 for C,Hs, or 44°844 when it displaces H. This, 
it is seen, is higher than its influence in diphenylmethane and tri- 
phenylmethane as found in the case of the magnetic rotations. 


Hydrindene (Synthetical), OH<O p> CH. 
2 
This has the same composition as xylene plus ©. The relation- 
ships of the molecular refraction of these compounds are as follow. 
Line A. 
Xylene (meta-) + C = 59°80 + 486 red +019 
Hydrindene 64°85 
These results show that hydrindene, apparently, has a molecular 
refraction which is about normal. 
If compared with propylbenzene, less H,, it gives 
Line H,. 
Propylbenzene, 67°785* — 2°600.... eae? ; 
Hydrindene Leon 65460 5 TOR 


Indene (Synthetical), CSHy< : — CH. 


The difference between the molecular refraction of this and hydr- 
indene is smaller than usual for the difference of composition by H:, 
the latter being given by Briihl as 2°30 for H., and by Gladstone as 
11 for A, thus 


* Calculated from the results of Landolt and Jahn (Zeit. physikal. Chem., 1892, 
10, 312). 
VOL. LXIx. 44 


PERKIN : MAGNETIC ROTATORY POWER, 


A. H.. 
Indene ,...vseecees 65°599 66°380 
Hydrindene ...,.... 64850  65°460 
0°749 0-920 


This is in accordance with the rotation, and is probably due to the 
same cause (see p. 1144), As might be expected, the dispersion of 
indene is evidently greater than that of hydrindene. 


Phenylazoimide. 


The following is a comparison of the refraction of this substance 
with that of benzene. 


Line A. 

Phenylazoimide ..... ~ 59°421 
Benzene ..... sesesee 43°590 
By GN EE voce ities . 15°831 
© ceterces eoceeeitess 1:300 
Ngevesvess 3/17°131 

N nccccccs 5°710 


This is higher than Gladstone’s value for nitrogen in bases 
(5:1), and, therefore, the refractive power of this substance is in 
agreement with its magnetic rotation; probably the nitrogen in 
direct union with the nucleus has a larger influence than the others. 


Monamines and Diamines. 
Aniline, a- and B-Naphthylamine, and Metaphenylenediamine. 


Influence of the NH: Growp displacing Hydrogen in Benzene and 
Naphthalene. 


It has long been observed that the refractive power of bases of the 
fatty series is relatively higher than that of other nitrogen com- 
pounds; so that a special value has been given for their nitrogen; it 
has also been known for some time that aniline and dimethylaniline 
have still higher refractive powers, and recently Briihl has published 
some interesting papers in reference to the peculiar behaviour of 
nitrogen compounds (Zeit. physikal. Chem., 1895, 16, 193, 226, 
497, and 512). 

The following are comparisons in connection with the general 
influence of the NH, group, mostly of a similar kind to those made 
in reference to the rotations. 
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NH; disp. H.... 8563 
The ordinary value of NH:, displacing H in the fatty series, is only 
64. 
The same is found in the case of the toluidines, thus 


Line H,. NH, disp. H. 
Orthotoluidine........ 


Toluene 
Paratoluidine ........ 
Toluene 


In the case of the naphthylamines, still greater increases in the 
refractive power, due to this displacement, are found. 


Line H,. NH, disp. H. 
a-Naphthylamine, 98°4°.. 85°469 \ 9:359 
Napththalene* » « 76110 


B-Naphthylamine ., .. ° 86°670 : 
Naphthalene Sa ellos 17960 


Metaphenylenediamine. 


In the paraffin series, it appears that the second NH, introduced 
into the hydrocarbon has not quite so great an influence on its refrac- 
tive power as the first, thus 


Line A. 
Pentamethylenediamine (Trans., 1889, 750) ... 52°93 


Amylamine (cale.)....... er eccvccccoecccees 46°77 


NH, disp. H 
The calculated difference is. , ae 


The following are the results obtained with metaphenylenediamine. 


Metaphenylenediamine 
Benzene 


Effect of NH, x 2 disp. H, ...... 
" NH, disp. H in aniline ., 


* second NH, disp. H ... 


As in the above case, this second displacement has a somewhat 
smaller effect than the first. 


* Nasini and Bernheimer (Gazzetta, 1885, 15, 59). 
4 HZ 
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All the above results are in agreement with the rotations, and show 
that in the refractive powers of these compounds the difference for 
NH, cannot represent values for this group, but rather the effect they 
produce on the molecule as a whole. 


Derivatives of Monamines. 
Dimethylaniline. 


The effect of the methylation of aniline has already been referred 
to by Dr. Gladstone and myself (Trans., 1889, 55, 755). The follow- 


ing comparisons show its influence. 


Os csnbiine need een , ’ 
Methylaniline ............ 60-450, a 
Dimethylaniline........... 68:960 


Effect of CH; x 2disp. Hy .......06. 


The ordinary increase is 15°2. 

Here again there is a large increase above that which is usual, 
| agreeing in this respect with the rotation, although of course it is 
) not so large. There is another small point of difference in the 
rotation, the first difference being larger than the second, whereas in 
the refraction it is the reverse. 


Dimethylortho- and Dimethylpara-tolucdines and a- and B- - Dimethyl- 
| naphthylamines. 


In connection with these bases, which give such remarkable rota- 
tions, Brith] has already drawn attention to the anomalous refraction 
| of dimethylorthotoluidine (Zeit. physikal. Chem., 1895, 16, 236). 

i His results for the dimethyltoluidines calculated for Gladstone’s 
i formula are as follows. 


| H.. H,. 
} Dimethylparatoluidine .... 77°922 83-288 
Dimethylorthotoluidine seco GOUel 80:037 


4131 3°251 

These show how very much lower the numbers are for the ortho- 
compound, and also that there is a considerable reduction in the dis- 
persion. The ortho- should be slightly lower than the para-com- 
pound, as will be seen in the section on position, but this would only 
amount to a small fraction of the above. If the dimethyltoluidines 
be compared with the corresponding toluidines, the effect of the 
methylation will be clearly seen. 
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Ortho- H,. Para- H,. 
Dimethyltoluidine . 75791 77°922 
Toluidine 60°580 60°640 


Diff. for CH; x 2disp. H,. 15211 17°282 


The ordinary influence of CH; x 2 disp. H, is 15-2, so that in the 
case of the ortho-compound the difference is practically the same as 
that found in the fatty series; this is inconsistent, because, as seen 
from dimethylaniline, it should be much larger. The difference 
for the para-compound is, however, analogous to that of dimethyl- 
aniline, although relatively rather higher. 

With the dimethylnaphthylamines, the following results were 


obtained. 
t a-H,. t. B-H.,. 


Dimethylnaphthylamine .. 51°6° 100641 53°2° 105-241 
Naphthylamine ....... --. SLO 85°673 532  86°867 


CH; x 2disp. H,.... — 14968 — 18:374 
' Here the difference in reference to the «-compound is lower than 
that for the influence of CH; x 2 disp. H, (15°2), whilst that of the 
f-compound is much above that found even in the case of dimethyl- 
paratoluidine. 


The dispersion of the B-compound is also very much the higher of 
the two. 


Disp. of a-dimethylnaphthylamine, Hy — Ha 
»,  f-dimethylnaphthylamine, Hy — Ha 13°294 

All these results, therefore, are of the same character as those con- 
nected with the magnetic rotation, but whereas in orthodimethyl- 
toluidine and dimethyl-a-naphthylamine, the differences for the 
methylation are approximately those found in the fatty series, in the 
rotations they are in the case of dimethyltoluidine less than in the 
fatty series, and in that of dimethyl-z-naphthylamine a minus 
quantity, the rotation being actually lower than that of a-naphthyl- 
amine itself. 


Methyldiphenylamine and Benzylamine. 


The molecular refractions of these isomeric bases are of interest, 
although of course they are not strictly comparable, one being a 
secondary and the other a tertiary compound, but this will not 
influence the comparison greatly. 

Hal p. 

d 
Methyldiphenylamine 104°88 
Benzylaniline 102-93 


1:95 


SS = SS ES 
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This difference is chiefly due to the screening influence of the CH, 
group, between that of the nitrogen and one of the phenyls, and is in 
agreement with the rotation results. 


Hydrochlorides of Monamines. 
Dimethylaniline Hydrochloride. 
As this salt was examined in the anhydrous state, and in a super- 


fused condition, also in aqueous solution, it will be best to consider 
the numbers obtained with it first. 


H,. He. H,. 
} 79257 81643 83°167 


Dimethylaniline hydrochloride, an- 
hydrous 
Dimethylaniline hydrochloride, solu- 
Se GHLAN fF G1T4ELO) sy 777688 80'222 81-980 
Influence of water .... 1569 1421 #£1:187 
Unlike solutions of Lydrochloric acid, and of lithium and sodium 
chlorides (Trans., 1891, 59, 592, and 1895, 67, 851), the effect of the 
water is to reduce the molecular refraction, just as it does the mole- 
cular rotation (Trans., 1889, 55, 739, 742, &c.; 1894, 65, 26, 27). 
It is interesting to notice that the dispersion of the solution is 
greater than that of the anhydrous salt. 

The refractive power of the anhydrous salt is considerably less than 
that of the free base and hydrochloric acid, thus. 


Dimethylaniline 
Hydrochloric acid 


This loss is about the same as the remarkable increase above the 
usual influence for CH; disp. H, which occurs when aniline is con- 
verted into dimethylaniline, because it is found that the above value 
for the anhydrous hydrochloride is practically the same as that of 
aniline hydrochloride plus C.H,, thus. 


Aniline hydrochloride ......... ecccece 
C.H, eeeeeeereerevus Oe eeeeee x eeerseeorveseor e 


Dimethylaniline hydrochloride (calc.).. 
Anhydrous dimethylaniline hydrochloride 
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Aniline Hydrochloride. 


It was only possible to examine this salt in solution; that used 
was an aqueous one of the composition C,H,;N,HCl + 9°7220H,. 
The results for He are compared with the calculated, and are as 
follows. 


” ” 


Reduction for solution 


So that as in the case of dimethylaniline hydrochloride, solution in 
water evidently causes a fall in the molecular refraction. A small 
amount of this reduction may, however, be due to the saturation of 
the valencies of the nitrogen with the acid, as in the case of the 
rotation. 


Influence of the Ortho-, Meta-, and Pavra-positions, also of the a- and 
B-positions of the Naphthalene Series. 


Dr. Gladstone was kind enough to examine some of my specimens 
in connection with this subject, and the following are his results in 
reference to the xylenes, the methyl tolyl oxides, dimethylresorcinol, 
and veratrol. ~ 


Paraxylene 

Metaxylene 

Orthoxylene 

Paratolyl methyl oxide .. 
Metatolyl methyl oxide .. 
Orthotolyl methyl oxide. . 
Veratrol 
Dimethylresorcinol 


From these results it is seen that para- and meta-xylene give 
nearly identical results, the meta- and para-tolyl methyl oxides 
differing rather more, whilst the ortho-compounds in all cases give 
the lowest number, especially in orthoxylene. 

The same is seen to be the case with ortho- and para-toluidine. 

H.. He. H,. 
_ Paratoluidine 49°6° = 60'642 63°129 64°741 
Orthotoluidine .... 49°0 60°585 63°028 64632 


0:057 0°101 0°109 
In the latter case, the numbers indicate a slight difference in dis- 
persion also. 
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Landolt and Jahn’s (Zeit. physikal. Chem., 1892, 10, 312) results 
for Ha show a similar but somewhat smaller difference between 
ortho- and meta-xylene (0°092), whilst Brihl’s numbers give a 
rather larger difference, 0°380 (J. pr. Chem., 1894, 50, 149), so that 
ortho- evidently give lower results than para- and meta-compounds, 


The a- and 8-positions in the Naphthalene Series. 


These positions may be regarded as similar to those of ortho- 
meta-, or para-, their influences are, however, more strongly marked 
thus, 

Line A. H.. H,. 
Ethyl f-naphthyl oxide.... 95°311 96°678 104°457 
Ethyl a-naphthyl oxide.... 94987 96382 104303 


0324 0°296 0°154 
In the naphthylamines, the differences are still larger. 


Line A. H.. He. 
B-Naphthylamine, 98° .... 85°054 86°670 92°192 
a-Naphthylamine, 98° .... 84018 85°469 90°928 


1:036 1-201 1-264 


In this instance, the dispersion of the a- is evidently somewhat 


less than that of the B-compound, whilst in the oxides it appears to 
be slightly greater. 

This subject of the influence of relative position in the benzene 
and naphthalene hydrocarbons, in connection with refraction and 
rotation, is of considerable interest. In all cases hitherto considered, 
these two properties have run parallel as to the kind of difference 
corresponding with variation in structure, but in the case of ortho- 
benzene and a-naphthalene compounds, the differences are of oppo- 
site kinds, being plus relatively to meta- and para- in the molecular 
rotation, but minus in the molecular refraction. 


Ethereal Salts. 


Ethylic Anisate and Ethylic Methylsalicylate—These salts were 
examined because the former gives rotations which are much higher 
than would be expected, and it was therefore desirable to see whether 
this also applied to the molecular refraction. The numbers obtained 
were as follows. 

Line A. 
Ethylic anisate ........ 83°79 
Ethylic méthylsalicylate 83°04 


0°75 
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This comparison shows the same kind of difference as that in the 
rotations, because the ortho-compound should only be lower than the 
para- by a small amount, not more than from about 0°05 to 0°18. As 
the ortho-compound gives a normal rotation, it would be likely to 
have a normal refraction, and therefore is a suitable substance for 
comparison. This being so, the molecular refraction of ethylic 
anisate is evidently high, as in the case of the rotation. 

Ethylic a- and B-Naphthoates.—These were also examined, because 
their rotations were peculiar ; they gave 


H.. Hg. 
Ethylic B-naphthoate - 105°580 110°776 
Ethylic a-naphthoate ...... 104206 109-280 


1374 1-496 

The largeness of these differences, which are otherwise of the ordi- 
nary character for variation in position, show that there is some- 
thing peculiar in the behaviour of these substances. In the rotations, 
the a-compound was found to give a rather lower instead of a higher 
result than the B-compound, showing that its rotation is lower than 
might be expected ; no doubt this is also the case with the refraction, 
thus making the above difference for position appear abnormally 
large. 


Section V.—Conciusion. 


From the foregoing results, it is seen that there is a great differ- 
ence between the rotation of aromatic and fatty compounds, the effect 
of the nuclei contained in them greatly influencing their rotatory 
character. 

It is found that in many cases the substances behave like double 
molecules, the part containing the fatty groups acting like a fatty 
compound when it is thoroughly screened off from the phenyl 
by carbonyl, whilst that containing the nucleus acts in a different 
manner. This is seen in the ethereal salts of the aromatic acids, 
where the alcohol radicles have practically the same influence on the 
rotation as when they displace hydrogen in the carboxy] of fatty 
acids, whereas the benzene nucleus they contain behaves in a distinct 
manner, as seen, for example, by the large numbers it gives when 
associated directly with a CH, group, or when its hydrogen is dis- 
placed by hydroxyl, &c. When the screening is not perfect, as when 
effected by CH,, the fatty groups retain the general character of their 
rotation, and although augmented to some extent, they are not affected 
nearly as much as when in direct union with the nucleus. 

The nucleus is also influenced by the groups and haloids it is 
associated with, thus with NO, and fluorine its influence is very 
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greatly reduced, and it is also reduced, but not to so great an extent, 
by CO and by chlorine; it is worth noticing that all these are strongly 
electronegative. On the other hand, it is increased by association 
with hydrocarbon groups, especially when unsaturated, and greatly 
so by the electropositive group, NH, and its methylated and phenyl- 
ated derivatives. It is seen, therefore, that strongly electronegative 
elements and groups act differently and in an opposite manner to the 
electropositive group. With bromine, however, little or no change 
occurs, and with iodine a slight increase takes place. 

It was originally supposed that the NO, and other groups, as well 
as some of the haloids, owed their reducing influence on the rotations 
of the compounds in which they existed to their rotatory power 
being much less than that of the nucleus; this, however, seems to be 
disproved by the fact that the NH, group, which has also a relatively 
small rotation, acts strongly in an opposite direction. The remark- 
able rotations of nitro-compounds and of fluorobenzene may, how- 
ever, be regarded from another point of view. It has been shown by 
Beequerel (Ann. Ohim. Phys., 1877, 12, 51) that ferrous and ferric 
chlorides, which are paramagnetic salts, have the remarkable property, 
when in a magnetic field, of deviating the plane of polarisation of 
light in the opposite manuer to diamagnetic bodies. For distinction, 
the rotation of the former is called negative, and the latter positive. 

As the rotations of solutions of these salts include also that of the 
water, which has a positive rotation, they vary with the strength, 
because the rotations of the salt and water, being opposite, neutralise 
each other more or less, and the proportions of the two can be so 
arranged that they either have no rotation, or one of a positive or 
negative character. Jron compounds, however, do not always act in 
the same manner. Mond’s iron carbonyl is both diamagnetic, and 
also has a positive rotation, like compounds of that class. 

Oxygen is known to be paramagnetic in the free state, and Dewar 
has shown that itis strongly so when in the liquid condition. 

It is, therefore, not impossible that the oxygen of the NO, in 
nitrobenzene may also be paramagnetic, and if so, this would account 
for the very low rotation of this compound, because the negative 
character of the oxygen it contains woald neutralise the positive 
rotation of the other part of the substance, and thus reduce it. If 
this be so, the inference is that fluorine is also paramagnetic, as it 
acts in a similar manner. 

Like iron, oxygen might not have this character in all compounds, 
and, in fact, its influence on the rotation of most substances shows 
that it cannot be so. 

The very low rotation of sulphuric and phosphoric acids, although 
containing sulphur and phosphorus which have very large rotations,: 
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would become easily explainable if the oxygen they contain were para- 
magnetic. This would probably only be the case with that which is 
doubly linked, because in hydroxy] it appears to be always diamagnetic. 

There still, however, remains the difficulty that in dinitrobenzene 
the second NO, group does not have a reducing influence on the rota- 
tion like the first, as, although the effect of the first displacement is 
to change the type of the substance, its behaviour then becomes 
normal. This subject, however, requires further examination 
because the behaviour of the NO, group in this particular substance 
is not consistent with the behaviour of the NH, group, which acts in 
the opposite direction. The second NH, group, although not having 
such a large influence as the first, is nevertheless very large. The 
further examination of a number of nitro- and dinitro-derivatives may 
throw light on this matter. 

The variation in the influence of the nucleus on the rotations has 
been seen to be very considerable, even in hydrocarbons, and the way 
this influence varies when two or more nuclei become more and more 
nearly associated, and at last come into direct union, is very remark- 
able, for it is found that the more closely they are related in a com- 
pound the more does their influence on the rotation increase. In 
benzene, for example, the influence of C,H; is 10°776; when two of 
these groups are associated but kept separate by CH), as in diphenyl- 
methane, the average influence of both rises to 11157, whilst if three 
are clustered around CH it becomes 11°493, but when the intervening 
group in diphenylmethane is removed, so that the two C,H; groups 
are in direct union it rises to 12°398. From these results it is evi- 
dent that these differences do not arise from the action of mass, seeing 
that the molecule of diphenyl differs but little in size from that 
of diphenylmethane, and is only about two-thirds the size of that of 
triphenylmethane. . 

That considerable changes in rotation occur which are not due to 
mass action, but to differences of relationship and structure, is seen 
in other cases; for example, diphenyl and acenaphthene are isomeric, 
yet the rotation of the latter is 3°3 higher than that of the former, 
and also the influence of the small group N(CH;)2 when introduced 
into naphthalene yields a compound with a rotation not very much 
less than twice that of the hydrocarbon itself, 

Another interesting point which has been considered in reference to 
the benzene nucleus is its association with unsaturated carbon groups 
(see table, next page). 

In the first case, where there is no benzene nucleus, it is practically 
the same as in the second, where there is one, but it is screened off 
by the CO group. In the third, where it is in direct union with the 
nucleus, it rises to 3°046, whilst in the fourth, where the unsaturated 
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group has both ends in union with the nuclei it is no less than 8-166, 
or nearly 10 times as great as the first two differences, and more than 
twice that of the third. The following are examples. 


Mol. rot. Diff. for H.. 
Hexane, C;H,-CH2CH,'CH;....... Pape yt Pane: cat 0-827 
Hexylene, C;H,,CH:CH-CHy........seceeece 7473 
Propylic benzoate, CsH;;CO-O-CH,CH,CH;.. 14873 
Allylic benzoate, C,H;;CO-O-CH,CH:°CH, .... 15°722 
Propylbenzene, C,H;-CH.,CH,CH;.......... 14°553 
Allylbenzene, C,H;;CH:CH-CH, aa 17:599 
Dibenzyl, C,.H;-CH2°CH2°C.H; .......02000+- 24977 
Stilbene, C,H,-CH:CH:-C,H; ; . 33°143 


} 0-849 


} 3-046 


\ 8-166 


The direct association of the same kind of carbon groups as those 
of which the nucleus is composed is always very remarkable, as is 
seen when they are joined in a cyclic manner to the benzene nucleus, 
so as to form condensed nuclei such as naphthalene and phenan- 
threne, although probably the large rotation of these results partially 
from the existence in naphthalene of two, and in phenanthrene of 
four, carbon atoms unassociated with hydrogen, making them of a 
more unsaturated character than benzene. 

From what has been seen, it is evident that no fixed value exists 
for the magnetic rotatory power of phenyl in hydrocarbons, and it is 
also evident that the rotations of other aromatic compounds do not 
give any regular value, either for this or for naphthyl; at the same 
time also, they do not give any consistent values for the groups 
which are directly united with the nuclei. Thus, the influence of 
NH, entering a paraffin raises its rotation by 0°971, but in benzene it 
raises it 4°792, and in naphthalene, for the a-position, 12°353. Now, 
it would be absurd to*assume that this group has all these widely 
different values, or that the value of carbon and hydrogen in the 
nucleus has changed so as to share in this great increase ; it is, at the 
same time, found that these great changes take place in cyclic com- 
pounds only, moreover, these changes, which affect the rotation in 
these molecular systems, are clearly not of a kind which is repre- 
sented simply by the addition or subtraction of the usual value of 
NO., NH:, N(CHs)2, &c. 

The fact that in naphthalene both nuclei are apparently equally 
affected by the introduction of NO, or NH), although the displace- 
ment takes place in one only, shows this; and in these and many 
other instances one is led to believe that, in these compounds, there 
is a kind of inductive effect from one carbon group to another, the 
influence of some of the groups approximating to the ordinary values 
found in the fatty series being multiplied by the number of carbon 
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atoms in the nuclei. Taking aniline as an example, the increase in 
rotation for the introduction of NH, into the nucleus, although not six 
times as great as the ordinary value of NH, in the fatty series, is yet 
very nearly five times that amount. In the naphthalene series, it is 
rather more than 10 times as great in B-naphthylamine, whilst in the 
corresponding «-compound it is 12 times as great. Much the same 
kind of thing is found in the dimethylated bases. 

In the consideration of the rotations of pyridine, quinoline, and 
thiophen, an analogy is drawn between a chain of bar electro- 
magnets and a circle of the same, the former being taken as repre- 
senting an open chain compound, and the latter as representing 
benzene; the energy required to rupture these systems being sup- 
posed to represent the relative rotatory influence of these com- 
pounds, the latter being, of course, the greater. Now it is clear 
that if a second coil of wire were wound round one of the magnets 
of the circle and an electric current passed through it, the extra 
influence produced in this bar (which might be taken to represent 
the influence of the NH; group) would pass into all the others, and 
if the current were reversed its effect (which also might be taken as 
representing the influence of the NO, group) would weaken the 
whole system. This is given simply as an illustration of the above 
idea of induction from one carbon atom to another. 

If this analogy be applied to naphthalene, as usually represented, 
consisting of two closed circles, of course no effect would be produced 
in the second circle, this, however, is not the case if it is represented 
by the concentric method, thus 


» 

C C 
i ii 
HO’ \C’ \CH 
\Z NZ 
U. © 
H H 


Whatever may be the actual arrangement in the naphthalene 
molecule, the influence of the NO, and NH, groups being more than 
twice as large as in benzene, can only be understood on the assump- 
tion that both sides of the molecule are equally influenced. 

Diphenylamine is an interesting example in reference to this sub- 
ject, the two separate phenyl molecules being united by NH; the 
influence which this appears to have in this compound is not much 
less than twice that of NH (or NH, disp. H) in aniline, both 
molecules being equally influenced. 

But whether these large rotations arise from an inductive influence 
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in the nuclei of benzene and naphthalene, or from some other kind 
of action, it seems evident that these great changes in rotation must 
be chiefly due to physicai influences, and that only a part of their 
effect can be attributed to the rotatory power of the atoms contained 
in the molecule. The high refractive power of these compounds 
apparently must also be due to the physical nature of the molecules, 
and not simply to their chemial composition. 

It is doubtful, however, whether any one kind of physical condition 
would account for all that takes place in reference to the rotation of 
these nuclei compounds, as besides the largeness or smallness of the 
rotations there are other differences to be accounted for, such as 
position, &c. 

The physical conditions due to the arrangement of the atoms in 
the molecules of saturated carbon compounds must evidently be 
more simple than those connected with the unsaturated and aromatic 
compounds; but they undoubtedly have an influence on the rotation, 
and in the paper published in 1884 (Trans., 45, 563), when referring 
to the value given for the elements, it is remarked, “‘ These values, as 
a matter of course, work very well when used for a series of com- 
pounds from which they have been deduced, but when applied to 
other homologous series give only approximate results.” It was 
shown that although the CH, group in the paraffin and paraffin 
residue apparently has a constant influence, yet each series of com- 
pounds has an initial value of its own, dependent on the series group 
or special molecule, such as COOH, CO, COH, OH, &c., and for 
calculating the rotation of members of these different series, a set of 
series constant was prepared; the extreme fluctuations in the rota- 
tions of these saturated compounds, for these differences in structure 
amounting to 0°839. Now these variations cannot be due to changes 
in the rotatory powers of the elements, but must be caused by the 
physical conditions induced by molecular arrangements. These 
differences are found also in the consecutive displacemenis of hydro- 
gen by chlorine and bromine in methane and in acetic acid, their 
influences not being constant. 

With respect to the refractive power of saturated compounds, 
attention was lately drawn to the influence of chlorine and bromine 
in the ethylic salts of chloracetic and bromacetic acids (Trans., 1894, 
65, 418—419), showing that they also differ for consecutive dis- 
placements; the results being analogous to what takes place in the 
rotation. 

In reference to the refraction of compounds containing carbon, 
hydrogen, and oxygen only, the fiuctuations observed have often 
been regarded as due to experimental errors or impurity in the 
products, but most of them are no doubt real. 
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On comparing the average molecular refraction of substances of 
different classes, taking Briihl’s values given in the tables at the end 
of volume 203 of the Annalen, it isfound they vary considerably from 
the caleulated numbers (in the case of the paraffins, Brihl's value for 
hexane and Thorpe’s value for heptane are averaged), thus 


Diff. from calculated value. 


Aldehydes 21.2... .cccccccsccess 
Fatty acids . 
Ethylic salt 


In these averages, formic and acetic compounds have not been 
taken, as in the rotation it has been shown they do not really belong 
to the homologous series, and in the refraction it is found that the 
former evidently differs from other analogous compounds, although 
in acetic compounds the variation is small; moreover, considering 
that the numbers taken are single results, and not derived from 
averages, it would not be well to place any great importance on the 
variations they show as compared with other ethylic salts, and in 
the rotation the variations are but small. 

Diff. from calculated values. 
Formic acid ......cccccccecccs 
Ethylic formate 
Acetic acid . 
Ethylic acetate ... 


From these two tables it is evident there is an analogy between the 
differences found for the molecular rotation and molecular refraction, 
because in both cases the paraffins and alcohols give higher numbers 
than the acids and ethylic salts, and also in the case of formic acid 
and its ethylic salt both give high results in reference to both pro- 
perties. 

The fluctuations in the refractions must, therefore, be real, and 
the values modified by molecular arrangement as in the rotation. As 
the numbers used in the calculations are only the average influences 
which the elements exert in different compounds, they mast not be 
regarded as their physical constants. 

What the relationship of these influences to the true values of the 
elements may be, it is impossible to determine with certainty, espe- 
cially as there are but few elements suitable for examination in 
reference to their magnetic rotations, and even then the results refer, 
at any rate in cases such as the halogens, to their molecular, and not 
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to their atomic, conditions, whilst others, such as sulphur and phos- 
phorus, are often in the form of complex molecules. 

In reference to the magnetic rotation, however, chlorine has been 
examined in solution in carbon tetrachloride, and this gave a rotation 
for a half mol. (2°172), rather higher than that found for the influence 
of chlorine in propylic chloride (1°733). 

With respect to the refractive power of the elements, Dr. Gladstone 
has examined bromine, which also gives a rather higher value (16-23) 
than in carbon compounds (15°3), and sulphur which gives much the 
same result as the sulphur in carbon bisulphide, though a little 
higher. Carbon (diamond) (Phil. Trans., 1870, 20) gave about the 
same value as in saturated carbon compounds (5:0). 

This evidence, although scanty, points to the probability of the 
true values of the elements not being greatly different from the 
average influence they exert in the ordinary saturated carbon com- 
pounds, though perhaps rather higher; this is not improbable, because, 
as already mentioned, the molecular arrangement in these substances 
is comparatively simple. 

It is here interesting to notice that in saturated ring compounds 
the structure, as might be expected, is also evidently simple, and 
like that of the ordinary chain compounds, because the influence of 
the CH, groups contained in them is apparently practically the same 
in both. But directly unsaturated groups occur in open chain com- 
pounds, and, consequently, greater complexity of the molecule exists, 
larger rotations and higher refractive powers manifest themselves, 
and these increase with each repetition of the unsaturated group ; 
when, however, these unsaturated groups are united so as to form 
a cyclic compound, a much greater effect is produced, both on 
rotation and refraction, evidently due to the formation of a new mole- 
cular system. 

Considering these products from the saturated to the unsaturated, 
and then to the cyclic condition, each step being accompanied with a 
veduction in composition of H,, and at the same time a rising in rota- 
tion and refraction, and then a still larger increase on the formation 
of the nucleus, it becomes evident that it is the increase of molecular 
complexity that is the cause of the augmentation of these properties, 
and that it is not the composition of the substance which produces 
the effect. As previously stated, it would be difficult to believe that 
the true rotation or refractive power of an element could be a 
variable quantity. 

Whilst it is seen that the values given for the rotations and refrac- 
tive powers of the elements in the fatty series are not true values, it 
does not militate against their use, and no doubt in the future, as 
in the past, they will be found most useful numbers. This is also 
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true of the different apparent values of phenyl in the aromatic series. 
The effect the other groups have on the rotation when in union with 
the nucleus or when separated from it by other groups, &c., all 
promise to be of value in the examination of new products, and are 
calculated to give information respecting their constitution ; but it is 
necessary to bear in mind that none of these are true values of the 
elements, but are modified by molecular influences, which are, in the 
case of the nucloid compounds, often of very much greater effect 
than that of the elements themselves. 

Some of the subjects treated in this paper can only be considered 
as superficially dealt with; that of temperature differences, for 
example, where the small variations in the rotations for changes of 
temperature require to be measured with greater accuracy than it has 
been possible to do when examining the large number of substances 
referred to in connection with this subject; the object has been 
rather to obtain a general survey of the subject than to get finished 
results, notwithstanding much care was taken in the determinations 
given. 

The subject of mixtures also deserves more attention. 

Much more work remains to be done in reference to the rotations of 
aromatic compounds, such as a more thorough study of the phenols, 
mono- and poly-hydroxylic, and their methylic and other derivatives, 
and other series of substances, but it is thought that the foregoing 
results, although not so complete as could be wished, show some of 
the most striking points connected with this field of investigation. 


Section VI.—ExXperimMentTAL REsvLts. 


The products used in this investigation were, with a few excep- 
tions, obtained from Kahlbaum or prepared in my own laboratory, 
and for the others I am indebted to the kindness of friends. With 
the exception of two or three specimens from the latter source, 
and those I prepared myself, all were carefully examined, and most 
of them purified by fractional distillation or other methods, before 
their rotations or other physical constants were determined. 

A great deal of trouble was experienced in finding suitable sub- 
jects for this enquiry, for it was not simply a matter of measuring any 
substance which could be easily obtained, but it was necessary to 
select those which had isomers or nearly related compounds with 
which they might be compared, and were also of a nature suitable for 
examination. For example, taking the subject of position, ortho- 
compounds are frequently liquid at the ordinary temperature, or 
easily fusible, whilst the correspondivg para-compounds being mostly 
solid, and often not fusible below 100°, are unsuitable for measure- 
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ment when this is the case ; this rendered it difficult to get a sufficient 
namber of pairs of ortho- and para-compounds belonging to different 
classes of substances for the elucidation of their molecular rotation. 

With fused substances, a difficulty occasionally arises, in conse- 
quence of their containing a very minute quantity of some crystal- 
line impurity of a higher fusing point than that of the compound 
itself ; this may sometimes be separated by filtering the melted pro- 
duct in a heated chamber, but this is not always successful. This 
minute amount of crystalline impurity, which often can scarcely be 
seen, so interferes with the polarised light that readings cannot be 
obtained. 

The difficulty occasioned by the high fusing point of a substance 
has in a few cases been overcome by mixing it with an allied sub- 
stance of lower melting point. 

The presence of colour, except it be a pure yellow, is also a 
source of difficulty, and many substances, which are colourless when 
freshly prepared, after a short time become slightly brown or tinted 
with some other colour, and even if colourless when their examina- 
tion is commenced, they become coloured if heated for any length of 
time, as in the determination of temperature difference. This is 
especially the case with the aromatic amines, so that it is often 
necessary to distil them in a current of hydrogen directly before 
use; in doing this I have found it best to distil rapidly into a 
cold receiver, so that the temperature of the distillate may be 
reduced as quickly as possible. The aromatic diamines are the most 
troublesome products in this respect, and I may instance the great 
difficulty which was experienced with orthophenylenediamine on this 
account; it had to be examined, dissolved in aniline, and at a tem- 
perature of about 74°. Starting with the two bases practically free 
from colour, by the time the solution was made, and the temperature 
adjusted in the measuring tube, the mixture had become so coloured 
that it was only on two occasions, out of numerous trials, that a 
moderately satisfactory measurement was obtained; the same was 
the case with dimethylparaphenylenediamine even at the ordinary 
temperature. 

The measurement of substances in solution has been avoided as 
far as possible, as it is not only much more satisfactory to use the 
substance itself, but, as seen in the section on the rotation of mixtures, 
a source of error is introduced unless solvents with suitable specific 
rotations are employed. 

In the particulars respecting the rotations (see Tables, p. 1236 et seq.) 
only the average of the results is given, and not all the details as in 
most of my previous papers ; it will also be noticed that the rotations 
of most substances have been determined more than once, some of 
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them six times. This is meant to imply that they have been 
examined on different occasions, not merely several times on the 
same day, so that any errors in one day’s examination would not be 
likely to occur on the next, or might be of an opposite kind, and 
thus compensate each other. 

It was expected that inthe case of aromatic compounds, owing 
to their larger rotations, more exact results would be obtained than 
with the fatty compounds, but this has not been found to be the 
case. One cause of this is, that large angles cannot be determined 
with such an amount of accuracy as smaller ones, especially as any 
slight imperfection in the monochromatic light used causes the colour 
of the half discs of the polarising apparatus to become less uniform in 
shade as the angle increases; owing to this and to the molecular 
weights of the compounds being higher than those of most of the 
fatty series, the second place of decimals in the molecular rotations 
becomes more sensitive to small differences in the measurements ; 
satisfactory results can be obtained, however, by taking the average 
of a large number of readings, made preferably on two or three 
different occasions, so that the errors of observation due to the vary- 
ing condition of the eyes, or other changing circumstances, may be 
neutralised. 

The number of readings made for each determination was usually 
32, and sometimes 40, so that when it is stated that a substance was 
examined three times, it shows that the result is the average of 
three sets of readings, amounting in all to at least 96. 

In the following pages, the results of the experimental work 
are given; first the relative densities, boiling point and method of 
preparation or source of the substance examined, followed by the 
determinations of the refractions. The specific and molecular rota- 
tions have been arranged separately in tabular form, it being con- 
sidered better to group all the rotations together in this way, as it 
not only renders them more available for reference, but makes it 
much easier to compare the individual rotations of members of 
closely related groups of substances. Tables of boiling points follow, 
and finally an index in which the molecular rotation of each substance 
has been inserted. 


Where solutions or mixtures have been employed in determining 
the rotation, the details of calculation have been given in the para- 
graph describing the substance. 
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Fatty Compounps. 


1. Heptane (from Pinus sabiniana), C;H,,. 


Relative density :* 
d 50° = 0°6665. d 70° = 0°6546. 290° = 0°6441. 
d55 = 0°6634. d75 = 0°6520. d95 = 0°6416. 
ad60 = 0°6604. d80 = 0°6493. 
d65 = 0°6574. 185 = 0°6467. 


2. Acetic acid, C,H,O,. 
Relative density : d 21° = 1°0515. d 86° = 1:0064. 
3. Propionic acid, C3H_92. 
Relative density: d 20°3° = 0:9937. d 91° = 0°9480. 
4, inanthylie acid, C;H4O.. 
Relative density: d 15° = 0-9224. da 91°4° = 0°8893. 


5. Ethylic Enanthate, Cy>H,30;. 
Relative density: d15° = 0°8720. d 92°1° = 0°8313. 

6. Chloracetic acid, C,.H;C10,. 
Relative density: d 645° = 1:3978. 


7. Dichloracetic acid, C.H,Cl,O.. 
Relative density : d 13°5° = 1 5724. ad 90°7° = 1°5163. 
8. Trichloracetic acid, C,HC1,0,. 
Relative density : @60°6° = 1°6298. 
9. Dipropyl Ketone, C;H,,0. 
Relative density : d 148° = 0°8210. d90° = 0°7804. 


10. Ethylic Acetoacetate, C.HoOs. 
Relative density : d16°3° = 1:0307. d91° = 0°9839. 


11. Dimethylacetylacetone, C;H,20.. 
Relative density: d 19°3° = 0°9534. d92°3° = 0°9180. 


12. Hydracetylacetone, C;H Od. 
Relative density: d 149° = 1:0001. d95°1 = 0°9507. 


* The “relative density” is in all cases the density relative to water at the same 
temperature; d 50° for d 50°/50°. 
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13. Ethylene Dichloride, C,H,C),. 
Relative density: d 144° = 1°2606. d 62°5° = 1°2104, 
14, Octylic Chloride,* CsHy,Cl (b. p. 183°-6—1846°, corr.), 
Relative density : d8-4° = 0°8838. d 90°6° = 0°8431. 


15. Propylic Bromide, C,H;Br. 
Relative density : 


d10°7° == 1°3699. d15° = 1:3640. d 65°5° = 1°3012. 
16. Octylic Bromide, C,HyBr (b. p. 200°3—202°3°). 
Relative density: @13° = 1°1178. d92°1° = 1:0732. 
17. Ethylic Iodide, C,H,I. 
Relative density : 
d11° = 1°9574. da 15° = 1°9492. d 643° = 1:8698. 


18. Octylic Iodide, CsH,,I. 
Relative density : 


d 16°5° = 1°3402. d 15° = 1°3416. d 81°9° = 1:2994, 
19. Methylene Diiodide, CH,I,, 


Purified by freezing and subsequent removal of oily products by 
continued rubbing on a porous plate. 
Relative density: d 12 2° = 3:3394. d 15° = 3°3326. 
d 55°4° = 32708. d 92° = 3°2445. 


20. Pyrotartaric Anhydride, C;H6O.. 
Relative density: d 11°6° = 1°2418. d 50° = 1:2176. 


21. Hthylic Citraconate, CyH,,O,. 
Relative density : d 16° = 1°0471. d 76° = 1:0137. 


22. Citraconic Anhydride, C;5H,Os. 
Purified with phosphoric anhydride. 
Relative density: @ 17°4° = 1°2482. d 65°7° = 1:2174, 


Aromatic EtTHEREAL SALTs. 
23. Methylic Benzoate, C;H;0,°CHs3. 


This was made from benzoic acid and methylic alcohol by the 
action of hydrogen chloride, most of its homologues referred to in 


* This and the following four haloid compounds were purified by a new method 
with sulphuric acid, which will be described in a future communication. 
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this paper being prepared in an analogous manner. The specimen 
examined boiled at 198°6° (corr.). 


Relative density : 
d 4° = 1°1035. d 10° = 1:0983. d 20° = 1:0904. 
d5 .= 1:1026. d15 = 1:0942. d25 = 1:0869. 


24. Hthylic Benzoate, C,H;0,C,H; (b. p. 211°7—211°9°, corr.). 


Relative density : 
d 4° = 1:0614. d 10° = 1:0562. d. 20° = 1:0487. 
d5 = 1:0605. d15 = 1:0523. d25 = 1:0452. 


25. Propylic Benzoate, C;H;0.(C;H;) (b. p. 230°6-—230°9°, corr.). 


Relative density : 
d 4° = 1:0363. d 10° = 1:0314. d 20° = 1:0240. 
d5 = 1:0353. d1l5 = 1:0276. d 25 = 1:0208. 


26. Isopropylic Benzoate, C;H,0..CH(CHs)>. 


This was prepared by heating a mixture of benzoic chloride and 
isopropylic alcohol in the water bath, using an excess of the latter, 
as part of it is probably converted into isopropylic chloride by the 
hydrogen chloride evolved ; the reaction does not go on at all rapidly 
at 100°. The product was then mixed with ether, washed twice with 
a solution of sodium carbonate, and dried over potassium carbonate. 
After the ether had been distilled off, the oil was fractionated a few 
times, when most of it boiled at 218—219° (corr.). 


Relative density : 
d 4° = 1:0263. ad 10° = 10211. d 20° = 1:0135. 
d5 = 1:0254. d15 = 10172. d25 = 1:0103. 


27. Butylic Benzoate, C;H;0.°C4Hy (nor.). 


Normal butylic alcohol, obtained from Kahlbaum, was used ; after 
being roughly fractionated, this was converted into the benzoate by 
means of hydrogen chloride, the benzoic acid being added by degrees, 
as etherification occurred, and until it no longer dissolved, as it is 
not very freely soluble in the alcohol. The product was then dis- 
solved in ether, washed with dilute potash until decidedly alkaline, 
the ethereal solution dried, &c., when it boiled at 248-0—251°. 
After fractionating several times, the portion boiling at 248°5-— 
249°5° was taken for examination. 


Relative density : 
d 4° = 1:0198. d 10° = 1:0147. d 20° = 1:0077. 
add = 10189. @€15 =10111. d25 = 1:0048. 
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28. Isobutylic Benzoate, C;H;0..CH,CH(CHs)2 (b. p. 241°5°). 
Relative density : 
d 4° = 1:0123. d 10° = 1:0073. d 20° = 1:0000. 
d5 =1-0114. d15 = 1:0035. d.25 = 0-9971. 


29. Octylic Benzoate, C,H;0.°C; Hi. 

Prepared from octylic alcohol from Heracleum spondylium and ben- 
zoic chloride, the mixture being heated until the action, which was 
rather sluggish, was completed. It was then distilled under reduced 
pressure; the fraction passing over at 258'4—260°4° at 210 mm., 
which constituted most of the product, was taken for examination. 

Relative density : 

d 4° = 0°9758. d 10° = 0°9718. d 20° = 0°9647. 
d5 = 09751. d15 = 09679. d25 = 09621. 


30. Hthylic Phenylacetate, CsH;;CH,,;COOC,H;. 

This and the following ethereal salts were prepared from the pure 
acids, ethylic alcohol, and hydrogen chloride in the usual manner. It 
boiled at 227:-1—227°6° (corr.). 

Relative density : 


d 4° = 1:0555. d 10° = 10502. d 20° = 1°0425. 


di = 1:0545. d15 = 1:0462. d25 = 1:0390. 


31. Phenylacetic or «-Toluic aeid. 

To examine this acid it was dissolved in ethylic benzoate, in the 
proportion corresponding to 1 mol. of the acid to 2 of the ethereal salt. 

Relative density: d 15° = 1:0805. d 25° = 1:0737. 

The magnetic rotation was three times determined. 
t. Sp. rotation. Mol. rotation. 
16°2° 1-8026 40°439 
Less 2EtBz at 16°2° 27°700 


Phenylacetic acid at 16:2 .. 12°739 
Corrected to 15°0° 


32. Ethylic Hydrocinnamate (Phenylpropionate), 
C.H;-CH.°CH,-COOC,H; (b. p. 247—247°5°, corr.). 
Relative density : 

d 4° = 1:0302. d 35° 

di 1:0292. d 40 

d 10 1-0251. d 45 
d lid 10212. d 50 1:0015. d 85 09890. 
d 20 10177. d 55 0°9993. d 90 0:9879. 
d 25 10144. d 60 = 09971. d95 =.0°9869. 
d 30 1/0116. d65 = 09950. d100 = 09861. 


1:0088. d 70° 
1-:0065. d 75 
1:0038. d 80 


09932. 
0°9916. 
0°9902. 


Huu de ue wea 
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33. Lthylic Cuminate (Lthylic Para-isopropylbenzoate), 
C.H,(C;H,)*COOC,H; (b. p. 263:-1—264'1°). 
Relative density : 
d4°=1:0071. d@10°=1:0028. d20° = 09953. 
d5 =1:0062. d1l5i = 09986. 425 = 0:9922. 


34, Methylic Salicylate, OH'C,HyCOOCH; (b. p. 222°2°, corr.). 


Relative density : 
d 4° = 1:1992. d 10° 


= 1:1933. d 20° = 1:1852. 
dad5 = 1:1982. ad 15 = 1:1890. d25 = 1:1817. 


35. Ethylic Salicylate, OH-C;H,COOC,H; (b. p. 233°5—234-0°, corr.). 
Relative density : 

d 4° = 1:1470. d 10° = 111413. d 20° = 1:1335. 

d5 = 1:1460. d15 = 11372. d 25 = 11300. 


| 
. 
| 
36. Ethylic Methylsalicylate, CH,0-C,H,-COOC,H;. 
Prepared from oil of gaultheria, caustic potash, and methylic 


iodide dissolved in methylic alcohol, the mixture being heated at 100° 
in a sealed tube for a few hours; the product was washed with dilute 
potash to remove any unchanged oil of gaultheria. The methylic 
methylsalicylate thus obtained, which boiled at 253°4°, was then 
saponified, and the acid separated and purified. The methylsalicylic 
acid was then treated with alcohol and hydrogen chloride, and the 
ethereal salt washed with dilute alkali, dried, and distilled. Two 
preparations were made, and they both boiled ai 261°5°. 


Relative density : 
d 4° = 1:1256. d 10° = 1:1201. d 20° = 1°1126. 
d5 = 1:1246. d15 = 11162. d 25 = 1:1092. 


37. Ethylic Anisate, CH,O-C,H,COO-C,H; (b. p. 269—270°). 


This ethereal salt solidifies in a mixture of ice and salt to a 
beautiful crystalline mass which fuses at about +7°. 


Relative density : 
d 4° = 1/1185. d 10° = 1:1132. d 20° = 1:1059. 
d@5 = 11175. d15 = 1:1094. d 25 = 1:1028. 


38. Ethylic Metamethoxybenzoate, CH;0-CsH,yCOOC,Hs. 


Methylic metamethoxybenzoate was first prepared by heating meta- 
hydroxybenzoic acid with methylic alcohol, caustic potash (2 mols.), 
and methylic iodide (2 mols.) ; the methylic salt thus obtained boiling 
at 252° (corr.). It was then saponified, and the acid separated and 
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crystallised from alcohol; its melting point was 103°5°; Graebe gives 
95°, Oppevheim and Pfaff 106—107°. The metamethoxybenzoic acid 
was then treated with ethylic alcohol and hydrochloric avid, and the 
resulting ethereal salt washed with dilute alkali. It boiled at 
260—261° (corr.). 
Relative density : 
d 4° = 1:1147. d 10° = 1:1095. d 20° 
d& = 1:1138. d1l5 = 


11019. 


1°1055. d25 = 1:0987. 


39. Ethylic Orthotoluate and Paratoluate, CHs'CsHyCOOC,Hs. 


These were prepared by boiling the acids with absolute alcohol and 
about one-tenth of its volume of concentrated sulphuric acid for 
seven hours. The ethereal salts were washed with dilute sodium 
carbonate before distillation, the boiling points of these two being 
determined at the same time and with the same thermometer; the 
following difference was found. 


Ethylic paratoluate 
Ethylic ortkotoluate 


Ethylie Orthotoluate (b. p. 227:0°, corr.). 
Relative density : 
d 4° = 1:0479. d 10° = 1:0428. d 20° = 1:0356. 
di = 1:0470. d 15 1-0390. d25 = 1:0321. 


Ethylic Paratoluate (b. p. 235°5°, corr.). 


Relative density : 
d 4° = 1:0393. d 10° = 1:0344. d 20° = 1:0271. 
d5 = 10384. d15 = 1:0306. d25 = 1:0240. 


40. Ethylic Phthalate, C§H,(COOC,Hs), (b. p. 298 —299°, corr.). 


Relative density : 
d 4° = 1:1358. d 35° = 1:1152. d 70° = 1:1019. 
di 11348. d 40 1:1128. d 75 1/1008. 
d10 11306. d 45 1:1106. d 80 = 1:0997. 
d 15 1:1268. d 50 1:1085. d 85 10988. 
d 20 11234. d 55 1:1065. d 90 1 0980. 
d25 = 1°1205. d60 = 1:1048. 
d30 = 11178. d 65 1:1032. 


41. Ethylic Meta- or Iso-phthalate, C§(Hs(COOC,H;).. 


Prepared by boiling the acid with alcohol and 10 per cent. of 
sulphuric acid for seven hours. It boiled at 302°. After separation 
and distillation, it was cooled in a mixture of ice and hydrochloric 
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acid, when it solidified ; it was then pressed between bibulous paper. 
It forms rather large, well-defined crystals, melting at 11°5°. 


Relative density : 
d 4° = 1:1389. d@ 10° = 1°1331. d 20° = 1:1254, 
d5 = 1-0379. d15 = 1°1289. d 25 = 1:1225. 


42, Hthylic Terephthalate, CSHy(COOC,Hs)>. 


Terephthalic acid was converted into the crystalline chloride by 
acting on it with phosphorus pentachloride. It was then added to 
absolute alcohol in small portions at a time, boiling between each 
addition, as the reaction does not take place at once, but sets in after 
a little time, and then the mixture boils vigorously ; on adding water, 
the ethereal salt separated as an oil, which solidified ou cooling. It 
was placed on a porous plate to remove a little oily matter, and then 
crystallised from petroleum, from which it separated in long prisms. 
It boiled at 302° (corr.), and solidified at 43°2°. 

The boiling point of the three isomeric ethereal salts, determined 
with the same thermometer and under a pressure of 760 mm., gave 


Ethylic phthalate 
»  isophthalate 
» terephthalate 


Relative density : 
d 45° = 1:1098. d 65° = 1:1017. d 85° = 
ad 50 = 1:1076. d70 = 1:0999. d 90 
d55 = 1:1056. d75 = 1:0982. d 95 
d60 = 1:1036. d80 = 1:0965. 4d100 1-0929. 


43. Ethylic Benzoylacetate, CsH;*;CO-CH,-COOC,H;. 
Relative density : 
d 4° = 11311. d 35° 
dd 171302. d 40 
d 10 11259. d 45 
ad 15 1°1219. d 50 
d 20 11185. d 55 


11099. d 70° 
11073. d 75 
1:1050. d 80 
1°1029. d 85 1:0919. 
1:1008. d 90 1:0910. 
d 25 11154. d 60 1:0990. d95 = 1:0903. 
d 30 11126. d 65 1:0973. d100 = 1:0896. 


44, a- and B-Ethylic Naphthoates, CyH;COOC,H;. 


These were obtained by etherifying the respective acids by means 
of absolute alcohol and about 2 per cent. of sulphuric acid, boiling the 
mixture for six or seven hours; the products were well washed with 
sodium carbonate before being rectified. These compounds dv not 
differ very much in boiling points, thus 


1:0957. 
1:0943. 
1:0930. 


Hou nn wd 
Hou ue ue ue dl 
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Diff. 
Boiling point of ethylic B-naphthoate (74 mm.) 224°0° 395° 
“ »  @naphthoate ,, ,, 220°5 


The difference between the «- and f-naphthyl ethyl oxides is 
2°4°. These determinations were made at the same time and with the 


same thermometer. 


Ethylic «-Naphthoate (b. p. 220°5° under 74 mm. pressure). 


Relative density : 
d 4° = 1:13856. © d 20° = 1:1244. d 40° 
d5 1:1348. d 25 11217. d 45 
d 10 11310. d 30 == 1:1192. d 50 
d 15 11274. d 35 11169. d 55 


11148. 
11130. 
11113. 
11097. 


Hou i Ul 


Ethylic B-Naphthoate (b. p. 224° under 74 mm. pressure, solidifies 
at 32°). 


Relative density : 
d 15° = 1:1212. d 30° = 1:1129. d 45° 
d20 = 11181. 435 = 
= 11154. d4)9 = 1:1085. d 55 


= 1:1065. 
1:1106. d50 = 1:1048. 
d 25 = 1°1061. 


45. Phenylic Acetate, CH;;COOC,Hs. 


Phenylic acetate, prepared from phenol and acetic chloride, was 
quickly washed with water and then with dilute sodium carbonate 
solution, dried, and fractionated, the portion boiling between 196° and 
197°5° being collected separately ; to this about 10 per cent. of acetic 
anhydride was added to act on any phenol that might be present, and 
the mixture boiled and fractionated. The portion boiling between 
196°5 and 197° (corr.) was reserved for the determination. 


Relative density : 
d 4° = 1:0906. d 35° 
di 1:0896. d 40 
d 10 10851. d 45 
d15 = 1:0809. d 50 
d20 = 1:0771. d 55 
d25 = 1:0734. d 60 
d30 = 1:0699. d 65 


10491. 
10472. 
10454. 
10438. 
10424. 
10412. 


1:0670. d 70° 
1:0642. d 75 

10613. d 80 

10584. d 85 

10558. d 90 

10534. d 95 

10512. 


46. Phenylic Propionate, CH;;CH.*COOC,H;. 


For the preparation of this substance, see Trans., 1889, 55, 
546. The numbers given below are for the crystallised compound, 
of which the boiling point is 211° (corr.). Before it was ob- 
tained in this condition it was examined, and the boiling point found 
to be 211:5—212°5°. Its relative density at 15° was 10532, and it 
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gave a molecular rotation of 13°976, which is considerably higher 
than that given by the crystallised product. 


Relative density : 


d 4° = 1:0643. d 10° = 1:0584, d 20° = 1:0504. 


ad5 = 1:0632. d15 = 1:0542, d25 = 1:0467. 


47. Phenylic Butyrate, CHs;CH,*CH,-COOC,Hs. 


Prepared by the action of butyric chloride on phenol (see Trans., 
1889, 55, 547); b. p. 227—228° (corr.). 


Relative density : 
d 4° = 1°0363. d 10° = 1:0307. d 20° = 1:0230. 
d5 = 1°0352. d15 = 1:0267. d25 = 1:0197. 


48. Phenylic Ginanthate, C;H30.°C.Hs;. 


Prepared by heating cenanthylic chloride (b. p. 175—176°, corr.) 
with about the calculated proportion of phenol until hydrogen 
chloride was no longer given off ; the product was then dissolved in 
ether, and the ethereal solution, after being washed with dilute 
potash and dried over calcium chloride, was distilled. The cenan- 
thate came over between 281°8° and 282°8° (corr.). Dilute aqueous 
potash does not act on it appreciably, even when heated, but it is 
decomposed by boiling with strong potash. 


Relative density : 
d 4° = 0°9905. d 35° = 09704. d 70° = 0°9567. 
d5 = 09896. d40 = 0°9681. ad75 = 0°9552. 
d 10 0°9856. d45 = 0°9659. ad80 = 0°9541. 
d 15 0°9819. d50 = 0:9638. ad 85 = 0°9530. 
d 20 0°9785. d55 = 0°9619. ad90 = 0:9520. 
d 25 0°9756. d 60 = 0°9600. ad95 = 0°9510. 
ad 30 = 0°9729. d65 = 0°9584. 


NITRO-DERIVATIVES OF AROMATIC HYDROCARBONS. 


49. Nitrobenzene, CsH;*NOsz. 
Prepared from benzene from benzoic acid. Boiling point 210°8°. 


Relative density : 
d 4° = 1°2193. d 25° 
d 5 1°2182, ad 30 
d 10 1:2134. d 35 
di15 1:2093. d 40 
d 20 = 1:2055. d 45 


12020. d 50° = 1:1881. 
1:1989, d 55 11857. 
11958. d 60 11836. 
171930. 
11904. 
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50. Metadinitrobenzene, C5H,(NOz)2. 


This was examined in solution in nitrobenzene, the proportiors 
being C,H,(NO,). + 3C.H;NO;. 


Relative density of this solution: 
d 15° = 1°2763. d 25° = 12691. 


The magnetic rotations were three times determined. 


t. Sp. rotation. Mol. rotation. 
i 1°6121 37°726 
Less mol. rot. of 3 mols. C;sH;*NO, at 17°.. 28°077 


Corrected to 15°0° 


51. Orthonitrotoluene, C;H;NO, (b. p. 225°2—226°2°). 
Relative density : 
d 4° = 1°1742. d 10° = 1°1686. d 20° = 1°1605. 
a@5 = 11732. d15 == 1:1643. @25 = 1°1572. 
52. Paranitrotoluene, C,H,NO,. 
This was purified by crystallisation from alcohol. 
Relative density : 
d@ 55° = 1°1392. d 60° = 1:1375. d 65° = 1:1358. 
53. «-Nitronaphthalene, CyH;NO,. 


This was examined in solution in nitrobenzene, the proportions 
being C,H,NO,. -b 2C,H;°NO,. 


Relative density of this solution : 
d 15° = 1:2302. d 25° = 1:2236. 


The magnetic rotations gave : 
é. Sp. rotation. Mol. rotation. 
16-2° 2°0894 39°561 
Less mol. rot. 2 mola. C;H;-NO,.. 18°720 
20°841 


Corrected to 15°0°. we. cece wee 20°840 


HyDROXY-DERIVATIVES OF AROMATIC HYDROCARBONS. 


54. Phenol, C;H,O = C,H;-OH. 
The specimens examined boiled at 182°5—182°7° (corr.). 
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Relative density : 
d 35° = 1:0677. d 60° = 1-:0580. d 85° = 1:0508. 
ad40 = 10656. 465 1:0562. d90 = 1:0492. 
d 45 1:0636. 470 10546. d95 = 1:0484. 
ad 50 == 10616. d 75 10530. d@100 = 1:0479. 
d55 = 10598. d80 = 1:0516. 


55. Phenol and Water, 
This was in the proportion of equal molecules, z.e., CSH,O + H,O. 


Relative density of this solution : 
d 4° = 1:0723. d 10° = 1:0678. d 20° = 1:0613. 
dd = 1:0715. d15 = 1:0644. d 25 = 1:0587, 


The magnetic rotations twice determined : 
t. Sp. rotation. Mol. rotation. 
155° 2°2394 13°095 
Less 1 mol. H.O.. 1-000 


12/095 
Corrected to 15:0°.... 12°096 
This is a little lower than the number deduced from fused phenol 
which at 15-U0° is estimated at 12°167 or 0°072 diff. 


56. Orthocresol, C,H,O = CH,:C,H,-OH. 

This boiled constantly at 191° (corr.). It can be kept in a liquid 
state at temperatures below its solidifying point for a long time, and 
if a little water be added it remains permanently liquid, like phenol. 

Relative density : 

d 15° = 1:0511. d 20° = 1:0477. d 25° = 1:0447. 


57. Paracresol, C;H,;O = CH;°C,H,OH. 


When distilling this, it was found useful to add about | per cent. of 
sodium, otherwise it came over slightly yellow; it boiled at 202° 
(corr.). It remains liquid for some considerable time when cooled 
below its melting point, With a little water it remains liquid at 
prdinary temperature. 


Relative density : 
d 15° = 1:0390. d 20° = 1:0362. d 25° = 1°0336. 


58. Paracresol and Water. 


On adding water in molecular proportion to fused and cold para- 
cresol (C;H,O + H,O) they do not mix at first, but, after shaking 
occasionally during about half an hour, they form a transparent, 
homogeneous liquid; this does not deposit crystals on standing, 
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although it becomes cloudy at times with changes of temperature. 
This often made the readings difficult and uncertain. 


Relative density : 
d 15° = 1°0321. d 20° = 1:0295. d 25° = 1:0269. 
The magnetic rotations twice determined : 
t. Sp. rotation, Mol. rotation, 
23°4° 20184 13°749 
Less 1 mol. OH;.. 1:000 


12°749 
Corrected to 15°0° 12°768 


59. Metacresol, C,H,O = CH,;°C,HyOH. 

This was prepared from thymol by heating it with phosphoric 
anhydride and fusing the product with alkali, the metacresol being 
afterwards separated by acidifying with hydrochloric acid and agi- 
tating with ether according to the method of Tiemann and Schotten 
(Ber., 1878, 11, 769) ; it boiled at 202° (corr.). 


Relative density : 
d 15° = 1-0390. d 20° = 1:0359. d 25° = 1:0333. 


60. Thymol, C,.H,,O — C;H,"C,H;(C H;)-OH [CH;: OH : C;H, a 
; 1:3: 4]. 
It boils at 233°5° (corr.). Although thymol melts at 50° it may Le 
cooled down to 0° without solidifying. 


Relative density : 
d 4° = 0°9872. d 50° = 0°9624. d 80° = 0°9538. 
d5 = 09863. d55 = 09606. d 85 = 0°9526. 
d10 = 0:9825. d60 = 09590. d90 = 0°9514. 
d15 = 0°9790. d65 = 09576. d95 = 0°9504. 
d20 = 09757. d70 = 09562. 
d25 = 09723. d 75. = 0°9549. 


61. Carvacrol, C,oH,,O0 = C;H,-C,H;(CH;)-OH [CH;: OH H C;H, = 
1:2:4)]. 
This boiled constantly at 237°7° (corr.). 


Relative density : 
d 4° = 0°9884. d 10° = 0°9842. d 20° = 0°9782. 
d5 = 09877. d15 = 09810. d25 = 09756. 


62. Homopyrocatechol, C;H,O, = CH;'C,H;,(OH), [CH,;: OH: OH = 
1:3: 4]. 
This specimen was furnished ne by W. H. Perkin, junr, 
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Relative density : 
d 30° = 1:1686. d 40° = 11647. d 50° = 1:1607. 


d35 = 1:1667. d 45 = 1:1627. 


63. Resorcinol, C;5H.0, = CsH,(OH), = [1 : 3]. 

At first this was distilled under reduced pressure, but afterwards it 
was found better to distil it at the ordinary pressure in a current of 
carbonic anhydride, and cool the distillate as quickly as it came over ; 
in this manner it was obtained nearly white. It had to be examined 
in aqueous solution, and, as this became coloured on keeping, espe- 
cially when heated, it was prepared a short time only before required 
for measurement. Two solutions were examined, a supersaturated 
and a weaker one; the former was troublesome, because it had to be 
heated before use to get the solid into solution, and this made it dark 
yellow, rendering it difficult to measure its magnetic rotation accu- 
rately. 

I. This solution contained 63°583 per cent. of resorcinol, and had 
the composition C,H,O, + 3°5H,0. 

Relative density of this solution : 

d 15° = 1:1048 d 25° = 11024. 

Magnetic rotation three times determined : 

t Sp. rotation. Mol. rotation. 


16°6° 


Corrected to 15°0° 
II. This solution, which was not quite satarated, had the com- 
position C,H,O, + 14°066H,0, and contained 30°285 per cent. of 
resorcinol. 
Relative density of this solution : 
d 15° = 1:0662 d 20° = 1-0650. 
Magnetic rotation three times determined : 
t Sp. rotation. Mol. rotation. 


15°0° 13729 25°982 

Less H,O 14066 

11:916 
From these two solutions, the estimated rotation of the dry sub- 

stance will be 12°285 at 15°. 
64. Pyrocatechol, CHH,O = C.H,(OH), [1 : 2]. 

This was examined in an aqueous solution of the composition 
C,H,O, + 24445 OH,, which contained 20 per cent. of pyrocatechin. 
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Relative density of this solution : 
d 15° = 1:0459. d 25° = 1:0449. 
Magnetic rotation four times determined : 


£. Sp. rotation. Mol. rotation. 
150° 1°2691 37:073 
Less OH,..... 24445 


12°628 


If this differs for solution in the same manner as resorcinol, the 
rotation of the dry compound will be 13°022 at 15°. 


65. Pyrogallol, CH,O; = C.H;(OH); [1 : 2: 3]. 


This boiled at 309° (corr.), and the distillate had a freezing point of 
125°5°._ Two specimens were examined, one distilled and the other 
the fused sublimed product. It had to be examined in aqueous solu- 
tion; this had the composition C,H;O; + 15°542 mol. H,0, and 
contained 31°053 per cent. of pyrogallol. 


Relative density of this solution : 
d 15° = 1:1048. d 25° = 1:1024. 


The magnetic rotation of both specimens gave very concordant 


results, The average is as follows :— 


t. Sp. rotation. Mol. rotation. 
16°0° 28°211 
15°542 


12-669 


If this differs for solution as resorcinol, the rotation of the dry 
substance will be 13°029 at 16°. 


66. Creosol, C,H,,0, = OH-C,H;(CH;)-OCH; [CH; : OCH; : OH= 
1:3:4]. 
From W. H. Perkin, jun. Boiled at 130—131° under 50 mm. 
pressure. 


Relative density : 
d 15° = 1:0956. d 20° = 1:0920. d 25° = 1:0886. 


67. Isocreosol, [CH,: OH : OCH;: 1:3: 4]. 


Prepared by W. H. Perkin, jun. Boiling point 222—223° (corr.) 
and 180—181° under 250 mm. pressure. Freezing point 37—39°. 
Came over as a pale yellow oil, which remains liquid for days at the 
ordinary temperatures. 
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Relative density :— 
d 15° = 1:0973. d 25° = 1:0905. d 35° = 1:0845. 
d20 = 1:0938. d30 = 1:0874. d40 = 1:0819. 


Mixed Oxides containing Aromatic Radicles. 

Most of these were prepared by the action of the iodides of the 
alcohol radicles on an alcoholic solution of the phenol, and caustic 
alkali or sodium ethoxide, in molecular proportion, the mixture being 
heated in a closed vessel at 100° until the action was complete. 
After removing the excess of the alcohol by distillation, the residue 
was mixed with ether, the solution washed with water and caustic 
alkali, dried, and the ether removed by distillation ; the product was 
then fractionally distilled several times. 

When preparing phenyl octyl oxide, instead of employing alcohol 
as the solvent, an excess of phenol was used, and as this has a high 
boiling point the action readily took place on boiling the mixture ; 
3 mols. of phenol being used to one of caustic potash and one of 
octylic iodide. When adding the alkali to the phenol, a little water 
was also added to make the product liquid, the iodide was then 
added, and the mixture heated in a Wurtz flask. At first water and 
a little oil came over, the latter being returned to the flask ; after 
boiling for about an hour, a little more caustic alkali was added and 
the boiling continued for another hour to completely remove the last 
traces of octylic iodide. The product was then dissolved in ether, 
washed with alkali until free from phenol, dried, the ether removed 
by distillation, and the product fractionated. 


68. Phenyl Methyl Oxide (Anisole), C;H,O = C,H,;-O-CH;. 
The boiling point of this specimen was 153°7—154°1° (corr.). 
Relative density : 

d 4° = 1:0077. d 10° = 1:0029. d 20° = 0°9951. 
a@5 = 1:0070. d15 = 0°9988. d25 = 0°9915. 
69. Phenyl Ethyl Oxide (Phenetole), CsHisO = C.H;*O-C,H;. 
The boiling point was 170°2—170°5° (corr.). 


Relative density : 
d 4° = 0°9792. d 10° = 0°9742. d 20° = 0°9663., 


d5 = 0:9784. d@15 = 09702. d25 = 0°9629. 
70. Phenyl Propyl Oxide, C5H,,0 = C,H,°O-C;H;. 
The specimen examined boiled at 189:1—189°6° (corr.). 


Relative density : 
d 4° = 0°9617. d 10° = 0:9568. d 20° = 09494. 
d5 = 0:9609. d15 = 0°9530. d25 = 09459. 
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71. Phenyl Isopropyl Oxide, C§H,,0 = C,H;-O-CH(CH;):. 
The boiling point was 177-0—177°5° (corr.). 


Relative density : 


d 4° = 0°9558. ad 10° = 0°9505. d 20° = 0°9426. 


d5 = 09548. d15 = 0°9464. d25 = 0°9389. 


72. Phenyl Isobutyl Oxide, CyH,yO = C,H;O-CH.-CH(CHs;).. 

It boiled at 199°-4—200°4° (corr.). 

Relative density: d 10° = 0:9366. 20° = 0:9295. 

d15 = 0°9331. d25 = 0°9262. 
73. Phenyl Octyl Oxide, CyH2,O0 = C,H,-O-C,Hi. 

This is a colourless oil which solidifies to a crystalline mass when 
cooled with ice and salt, and melts at 8°. The specimen examined 
boiled at 284°7—285-7° (corr.). 

Relative density : 

d 4° = 09217. d 10° = 09174. d 20° = 0°9108. 
d5 = 0:9209. dls = 09139. d 25 = 0°9081. 


74. Orthotolyl Methyl Oxide, CsHjyO = CH,;C,H,O-CH;. 
This is a colourless oil boiling at 170°1—172°1° (corr.). 
Relative density : d 10° = 0°9890. d 20° = 0°9816. 

d15 = 0°9851. d25 = 09781. 
75. Paratolyl Methyl Oxide, CsHjO = CH;-C,H,-O-CH;. 


It boiled at 176°5°. 

Relative density : 
d 4° = 0°9844. d 10° = 0°9794. d 20° = 0°9722. 
di = 0°9835. d15 = 09757. d25 = 0°9689. 


76. Metatolyl Methyl Oxide, C,H,,O = CH;'C,H,O-CH3. 
The boiling point was 176:5—177:0°. 
Relative density : 
d 4° = 0°9852. d 10° = 0°9804. d 20° = 0°9731. 
d5 = 09844. d15 = 09766. d25 = 09697. 


77. Dimethylresorcinol, C3H;00, = C.,H,(OCHS), [1 : 3]. 
This substance afler being fractionated several times boiled at 
216:5—217°7° (corr.). 
Relative density : 
d4°=1:07058. 410° = 1:0654. d 20° = 1:0583. 
dds = 10696. d15 = 1-0617. d25 = 1:0552. 
4k 2 
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78. Guaiacol, C;H,O, = OH°C,H, OCH; [1 : 2]. 


This beautifully crystalline product was obtained from Kahlbaum. 
Tt boiled constantly at 205-0° (corr.), and the freezing point was 
28°3°. The fused product remains liquid at the ordinary temperature 
for months. 


Relative density : 
d 4° = 1:1492. d 15° 
ds = 
d10 = 11436. d 25 


= 1:1395.  d30° = 1:1288. 
11481. d20 =11356. d@35 = 11259. 
= 11322. d40 = 11230. 


79. Orthodimethoxybenzene (Veratrole), CgH yO, = CsH,(OCHs)>. 


I. This was prepared by acting on the potassium compound of 
guaiacol with methylic iodide. To prepare the potassium compound 
of guaiacol, Hlasiwitz’s process was employed (Ann., 1858, 106°365), 
the guaiacol used being obtained by repeated fractionation of the 
commercial oily product. It nearly all came over at 207-°0—207°5° 
(corr.), and this fraction was taken for examination. 


Relative density : 
d 4° = 1:0962. d 10° = 1:0908. d 20° = 1:0833. 
dd = 1:0952. d15 = 1:0869. d25 = 1:0799. 
II. Since the above specimen was examined, Kahlbaum has com- 
menced preparing this substance. A specimen obtained from him, and 
boiling at 207°1° (corr.), was examined. 


Relative density : 
d 4° = 1:1004., d 10° = 1:0953. d 20° = 1:0877. 
dd5 = 1:0996, d15 = 1°0914. d@25 = 1:0842. 


&0. Dimethylquinol, CsH\O, = CsH,(OCHS), [1 : 4]. 


This boiled constantly at 212°6° (corr.), and distilled over as 
colourless as water. 


Relative density : 
d 55° = 1°0526. d 75° = 1:0447. d 95° 
d 60 1°0504. d 80) 1:0430. d 100 
d 65 1:04.84. d 85 1:0416. 
d 70 1°0465. d 90 1:0403. 


81. Dimethylhomopyrocatechol, CpH,,0, = CH;°C,H,(OCHS). 
(CH; : OCH; : OCH; = 1:3: 4]. 

The first specimen examined was prepared from creosol obtained 
by repeatedly fractionating beachwood tar. This, after being mixed 
with rather more than its own bulk of ether, was converted into the 
potassium derivative by means of a concentrated alcoholic solution 
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of potash, and the crystalline product purified by strongly pressing it 
between calico, thoroughly mixing it with more ether, and again press- 
ing it; it was then methylated by heating with methylic alcohol and 
methylic iodide in a sealed tube at 100°. The product prepared in 
this manner, after being washed with alkali and dried, was frac- 
tionated several times, and at length a specimen was obtained boiling 
at 219—222° (corr.). 

Specimen II was prepared lately from creosol obtained from 
Kahlbaum; this was fractionated several times, and the fraction 
boiling at 213—219° was methylated. (It was not converted into 
the potassium salt like the above for further purification.) The pro- 
duct, after repeated fractionation, boiled at 219—221° (corr.). 

Specimen I (b. p. 219—222°, corr.). 

Relative density : 

d 4° = 1:0687. d 10° = 1:0634. d 20° = 1:0560. 
d5 = 1:0678. @15 = 1:0595. ad@25 = 1:0525. 
Specimen IT (b. p. 219—221°, corr.). 


Relative density : 
d 4° = 1:0653. d 10° = 1:0601. d 20° = 1:0526. 
d5 = 1:0643. d15 = 1:0562. d25 = 1:0491. 


82. Trimethylpyrogallol, C.H,O; = C.H,(OCH,), [1 : 2 : 3]. 
This boiled at 241° (corr.). 


Relative density : 
d 45° = 11118. d 65° = 1:1026. d 85° = 1:0954. 
d50 = 1:1094. a@70 = 1:1006. 290 = 1:0942. 
d55 = 1/1071. d75 = 1:0987. d95 = 1:09382. 
ad 60 = 1:1049. d 80 = 1:0970. d@100 = 1:0925. 


83. a-Naphthyl Ethyl Oxide, C,,H,0 = CyH,O-C.Hs. 

Prepared by heating an alcoholic solution of a-naphthol with 
potash and ethylic iodide in a sealed tube at 100° for about three 
hours. The ethereal solution of the product was washed with alkali, 
dried, and distilled. After the ether had passed over it distilled at 
279°6—281°, leaving a little residue; the distillate was yellow, but on 
rectifying a few times from small quantities of sodium, it was 
obtained colourless, and boiled at 279°6—280°. 


Relative density : 
d 4° = 10711. d 20° = 1:0605. d 40° = 1:0513. 
d5 = 1:0708. d 25 1:0579. d45 = 1:0495. 
d 10 1:0668. d 30 1:0555. d50 = 1:0479. 
d 15 1:0635. d 35 1:0533. d 55 1:0465. 
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84. B-Naphthyl Ethyl Oxide, C.».H,,0 = CyH;"O-C.Hs. 


This was prepared in the same manner as the «-compound, sub- 
stituting the f-naphthol for the a-naphthol; the contents of the 
sealed tube were mixed with water, and the B-naphthyl ethyl oxide, 
which is solid, was collected, washed with water, and then melted and 
shaken with dilute potash. After solidification and drying, it was 
distilled, but became slightly violet on keeping; this coloration, 
however, disappeared when it was exposed to sunlight. It was 
afterwards pressed between calico to remove a little oily matter, and 
crystallised from alcohol, when it was obtained quite white. Its 
boiling point was 282°0° (corr.), or 2°4° higher than that of the 
a-compound, the two being distilled the one directly after the other, 
using the same thermometer. 


Relative density : 
d 20° =: 1:0640. d 35° = 1:0568. d 50° = 1:0510. 
d25 = 1-0615. d40 = 1:0547. d55 = 1:0493. 
d 30 = 1:0590. d45 = 1:0528. 


Two methods of estimating the rotation of B-naphthyl ethyl oxide 
at 15° may be employed. 
Mol. rotation. 
I. a-Naphthol 43°4° = 31°777 
B-Naphthol 41°9 = 30°247 


1:530 


difference between a- and 8-compounds at about the same tempera- 
ture. Apply this to the rotation of the a-compound at 15° to get 
rotation of B- at 15°. 


a-Naphthol at 15° = 32°245 
minus 1°530 
f-Naphthol at 15° = 30°775 
II. Estimated from temperature change of the a-compound— 
B-Naphthol at 41°9° .......... cece = 30°247 
Temp. change of «-naphthol for 26°9° = 0°451 
B-naphthol at 15° .....c.cccceveee = 30°698 
Both methods give fairly similar re: ults. 


85. Benzyl Methyl Oxide, C5H\O = Cs,HsCH,-O-CH; (b. p. 170°5°). 


Relative density : 
d 4° = 0°9805. d 10° = 0°9751. d 20° = 0°9675. 
d5 = 0°97985. d15 = 09711. d25 = 0°9643., 
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Aromatic HypRocaRBONs. 


86. Benzene, C.Hg. 


The benzene used in the following measurements was prepared by 
distilling calcium benzoate with lime; the product was then rectified 
on a water bath, treated twice with concentrated sulphuric acid, 
washed, and dried with potassium carbonate; finally it was distilled 
from phosphoric anhydride. It boiled constantly at 80°3°. When 
collected in four fractions, and the density of the first and last being 
determined, the results were identical, showing it to be perfectly 
homogeneous. 


Relative density : 

d 5° = 0°8949. d 30° = 0°8727. d 55° = 0°8542. 
d10 =08900. d35 = 08687. d 60 = 0°8507. 
d@15 = 0°8853. d40 = 0°8649. d65 = 0°8473. 
d20 = 08809. 445 = 0°8612. ad 70 = 0°8440. 
d 25 = 08767. d50 = 0°8576. 


87. Toluene, C,H,;'CHs. 


Coal-tar toluene, boiling at 110—110°5°, was sulphonated, the 
sulphonic acids converted into the calcium salts, and the para-salt 
separated by crystallisation ; the potassium salt prepared from this 
was purified by two or three recrystallisations, powdered, mixed with 
slightly diluted sulphuric acid, and boiled in a retort, steam being 
passed through the product at the same time. Hydrolysis soon set 
in, and toluene distilled over. When dried and distilled from phos- 
phoric anhydride, it boiled constantly at 110°6° corr., and the densi- 
ties of the first and last of the five fractions obtained on distillation 
were identical. The relative density of the coal-tar toluene used for 
the preparation of this pure product was d 15° = 0°8695, which is 
0:0025 lower than that of the latter, owing, no doubt, to the removal 
of hydrocarbons of the fatty series. Kahlbaum (Siedetemp. u. Druck, 
95) gives the boiling point of toluene as 111° at 760 mm., and 
Warren (Zeits. f. Chem., 1865, 666) as 110°3°. 


Relative density : 
d 4° = 0°8812. d 35° = 0°8580. d 70° = 0°8381. 
ad5 = 0°8803. d 40 0°8548. ad75 = 0°8355. 


d10 = 0°8762. d 45 0°8518. d 80 0°8330. 
d15 = 0°8723. d50 = 0°8490, d85 = 0°8306. 
d20 = 0°8684. d 55 0°8463. d90 = 0°8283. 
d25 = 0°8649. d 60 08436. d95 = 08260. 
d30 = 08614. d 65 08408. d100 = 0°8237. 
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88. Ethylbenzene, C.H;'C.H;. 


I. A quantity of this hydrocarbon from Kahlbaum was repeatedly 
fractionated. The specimen selected for examination had a boiling 
point of 135°5—135°7° (corr.). 

Relative density : 

d 4° = 0°8829. d 10° = 0°8780. d 20° = 0°8705. 
d5 = 08821. d15 = 08741. d25 = 0°8671. 


II. A second specimen was also examined, prepared by the hydro- 
lysis of the pure sulphonic acid of this hydrocarbon, and for which I 
am indebted to Dr. Moody. Boiling point, 135°5°. 


Relative density : 
d 4° = 0°8809. d 10° = 9°8759. d 20° = 0°8685. 
d5 = 08800. @15 = 08720. d 25 = 0°8650. 


89. Propylbenzene, C,H;°C,H;. 


The process employed for the preparation of this hydrocarbon was 
that of Fittig, Schaffer, and Kénig (Annalen, 1869, 149, 324), 
namely, the action of sodium on a mixture of bromobenzene and 
propylic bromide. To remove the last traces of bromine from the 
hydrocarbon thus obtained, it was repeatedly boiled with sodium 
until the metal remained bright. It was then fractioned a few times, 
and the portion boiling between 159° and 159°5° selected for exami- 
nation. This fraction constituted the chief part of the product. 


Relative density : 
d 4° = 0°8753. d 10° = 0°8705. d 20° = 0°8634. 
di = 08745. d15 = 0°8668. d25 = 0°8603. 


90. Isobutylbenzene, C5H;*CyHy. 


Purified by fractional distillation, it boiled at 169—169°5°. 


Relative density : 
d 4° = 08796. d 10° = 0°8748. d 20° = 0°8680. 
d5 = 0°8790. d1li = 08714. d25 = 0°8650. 


91. Orthoaylene, CsH4(CHs)2 [1 : 2]. 
Obtained from Langfeld and Reuter. After distillation from phos- 
phoric anhydride, it boiled at 142°1—143:1° (corr.). 
Relative density : 
d 4° = 0°8903. d 10° = 0°8854. d 20° = 0°8783. 
d5 = 08895. d15 = 08818. d25 = 08752. 


J2. Metaxylene, CsH,(CHs)2 [1 : 3]. 
I, From Langfeld and Reuter. After distillation from phosphoric 
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anhydride, it boiled at 139°3° (corr.). Three fractions were collected, 
and the densities of the first and last taken; they only differed by 
0:0007, so that the product was practically homogeneous. 


Relative density : 

d 4° = 08779. d 10° = 08728. d 20° = 0°8656. 
d5 = 0°8770. d15 = 0°8691. d25 = 08625. 

II. This second specimen was prepared by the hydrolysis of pure 
sodium metaxylenesulphonate [1 :3:4], and for its use I am in- 
debted to Dr. Moody. When distilled from phosphoric anhydride, it 
boiled at 139°3°; it was collected in three fractions, the difference in 
the densities of the first and last being only 0-00008. 


Relative density : 
d 4° = 0°8779. d 10° = 0°8728. d 20° = 0°8656. 
d5 = 08770. d15 = 0°8691. d 25 = 0°8625. 


93. Paraxylene, CsHy(CHs), [1 : 4]. 


This was purified by strongly pressing the crystallised hydro- 
carbon between calico for some time. When distilled from phos- 
phoric anhydride, it boiled constantly at 137°5° (corr.). 


Relative density : 
d 15° = 08661. d 20° = 0°8626. d 25° = 0°8593. 


94, Mesitylene, CsH,(CHs)s [1 : 3: 5). 


This was purified by repeated treatment with sulphuric acid until 
the acid was only coloured yellow; it was then steam-distilled; sul- 
phuric acid was then scarcely coloured when shaken with it. After 
drying, it was distilled from phosphoric anhydride, and the fraction 
boiling at 163°6—164'6° (corr.) taken for examination. 


Relative density : 
d 4° = 08768. d 35° = 0°8565. d 70° = 0°8410. 
dd 0°8760. d40 = 0°8540. d75 = 0°8392. 
d 10 0°8722. d45 = 0°8516. d80 = 0°8374. 
d 15 0'8685. ad50 = 0°8493. d 85 = 0°8358. 
d 20 08652. ad55 = 0°8471. d 90 0°8342. 
d 25 0°8620. d60 = 0°8449. d 95 0°8328. 
d 30 0°8592. d65 = 0°8429. 


95. Pseudocumene, C,H;(CH;); [1: 3: 


Obtained from Langfeld and Reuter. It was purified in the same 
manner as the mesitylene, and then fractionated several times from 
phosphoric anhydride, by which means a small quantity of impuri- 
ties of low and high boiling points were separated. The portion 
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boiling at 168°0—168°5° (corr.) was then fractionated into three 
equal parts, and their densities taken. The first two had practically 
the same densities, and the third was only 0°0007 higher than the 
others. The first two were taken for examination. 


Relative density : 
d 4° = 0°8888. d 35° = 0°8692. d 70° = 08544. 
d5 = 08880. d40 = 08667. d75 = 0°8526. 
d 10 0°8844. d45 = 08643. d80 = 0°8510. 
d 15 0°8810. d 50 = 0°8620. d85 = 08494. 
d20 = 08778. d55 = 0°8598. d90 = 0°8478. 
d 25 = 0°8747. d60 = 0°8578. d95 = 0°8465. 
d30 = 08719. d65 = 08560. 


96. Cumene. Isopropylbenzene, CsHs;CH(CH;),. 


For the preparation of this hydrocarbon, barium cuminate, inti- 
mately mixed with four times its weight of baryta, was distilled in a 
long combustion tube in a slow current of hydrogen, the heating 
being commenced at the back end of the tube, and gradually carried 
forward. The oil obtained in this way was roughly fractionated to sepa- 
rate it from products of high boiling point, and then treated several 
times with small quantities of sulphuric acid, and afterwards with 
strong chromic mixture. The oil thus purified, after being washed and 
dried, was distilled ; at first a small quantity of liquid of low boiling 
point came over, but the temperature then rose quickly; the dis- 
tillate, after being fractionated several times, mostly passed over at 
152°2—153°7° (corr.). This fraction was used for examination. 


Relative density : 
d 4° = 0°8753. d 10° = 0°8705. d 20° = 0°8634. 
addi = 08745. ad1l5 = 0°8668. ad 25 = 0°8603. 


97. Cymene, CH;C.H,°C3H,; [1 : 4]. 

The hydrocarbon obtained from oil of cumin and boiling at 177° 
was first examined; it gave a relative density of d 15° = 0°8603 and 
a molecular rotation of 15001, but as the purity of this product was 
doubted, it was converted into a sulphonic acid, and after the barium 
salt had been purified by repeated crystallisation, it was hydrolysed by 
heating with very strong hydrochloric acid for some hours in sealed 
tubes at 190—195°. The cymene thus obtained was steam-distilled, 
and afterwards fractionated, when it nearly all came over between 
177:0° and 177°5° (corr.), and gave a molecular rotation of 15-255. 

Relative density : 

d 4° = 0°8701. d 10° = 0°8654. d 20° = 0°8586. 
d5 = 08693. d15 = 0°8619. d25 = 0°8558. 
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It is seen from the foregoing that although the cymene from oil of 
cumin has the same boiling point as that obtained from the sul- 
phonic acid, yet the two differ in density and magnetic rotation, the 
product from the sulphonic acid being no doubt much the purer of 
the two. 

98. Naphthalene, CyoHs. 


Relative density: d 85° = 1:0070. d 95° = 1:0056. 


99. Solution in Toluene. 


The strongest solution of this hydrocarbon in toluene that could 
be conveniently used was in the proportion of 1 mol. to 4 mols., that 
is, CoH, + 4C;H, = 25°806 per cent. solution. 


Relative density: d 15° = 0°9088. d 25° = 0°9017. 


The magnetic rotation three times determined 
. Sp. rotation. Mol. rotation. 
15'8° 2°4310 73°757 
Less rot. 4 mols. CyH, 48°628 


25°129 
Corrected to 15°0°.... 25°125 


100. Diphenylmethane, C,3Hi, = CH,(CsHs)2 (b. p. 264°7°, corr.). 
Relative density : 

d 25° = 1:0056. d 50° = 0°9950. d 75° = 0°9881. 

d 30 10032. d55 = 0°9934. d 80 = 0°9870. 

d 35 10009. ad60 = 0°9919. d 85 = 0°9860. 

d 40 0°9987. ad 65 = 0°9906. d90 = 0°9851. 

ad 45 = 0°9967. ad 70 = 0°9893. d95 = 09844. 


101. Dibenzyl, Cu = C,H,;'CH.°CH.'C,H;. 
Boiled at 281—282° (corr.). Its freezing point was 51°4° 


Relative density : 
d 50° = 0°9782. d 60° = 0°9752. d 70° = 0°9725. 
dd55 = 09766. d65 = 0°9738. a@75 = 09713. 
Magnetic rotation, once determined 
t. Sp. rotation. Mol. rotation. 
57°6° 2°3853 24°713 
Temp. diff. diphenylmethane (0°00621) 42°6° 0°264 


Corrected to 15°0°........ iceueedanée ‘“ 


102. Triphenylmethane, C;,Hi, = CH(C.Hs)s. 
Relative density: d 95° = 1-0568. d 100° = 1:0570. 
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The magnetic rotations, twice determined, gave 
t Sp. rotation. Mol. rotation. 


93:0° 27700 35°527 
Temp. diff. of diphenylmethane (0°00621) 78° 0484 


Corrected to 15:0° 
103. Phenanthrene, CyHy. 


Solution in Toluene. 


This hydrocarbon was purified by adding it to a small quantity of 
carbon bisulphide, filtering the solution, and heating it until free 
from the solvent, it was then crystallised from alcohol. 

The solution examined had the composition CyHy + 6C;Hg, and 
therefore contained 24°383 per cent. of phenanthrene. 


Relative density: d 15° = 0°9196. d 25° = 09129. 
The magnetic rotations, three times determined, gave 


t. Sp. rotation. Mol. rotation. 
16°0° 2°4903 109-897 
Less rot. of 6 mols. C;Hs = 72°942 


Corrected to 15°0°.......0.6 


CH 
104. Acenapthene, CrHy = CrHs< Sy (b. p. 229°5°, corr.). 
2 


Relative density: d 95° = 1:0687. d 100° = 1:0685. 
. The magnetic rotations, once determined, gave 


é, Sp. rotation. Mol. rotation. 
99-0° 3°5284 28°252 
Temp. diff. of naphthalene (0°00457) 84° 0°384 


Corrected to 15°0° ....ccecesevccs ein 28°636 
105. Diphenyl, CyHi = CeH;'CeHs. 
Relative density: d 95° = 1:0135. d 100° = 1:0126. 


The magnetic rotation, twice determined, gave 


t. Sp. rotation. Mol. rotation. 
- 93°8° 2°9402 24815 
Temp. diff. of diphenylmethane (0°00621) 78°8° 0°489 


Corrected to 15°0° 
106. Hydrindene, CyH yo. 


Two specimens were examined, one derived from coal-tar and the 
other synthetically prepared. 
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I. From Kramer and Spilker, distilled three times from sodium. 
Boiling point 176—176°5°. 
Relative density : 
d 4° = 0°9656. d 10° = 0°9606. d 20° = 0°9536. 
d5 = 09646. d15 = 0°9570. d 25 = 0°9507. 


II. Synthetically prepared (W. H. Perkin, jun, Trans., 1894, 65, 
248) ; it boiled at 176°5—177°5°. 
Relative density : 
d 4° = 0°9732. d 10° = 0°9681. d 20° = 0°9601. 
d5 = 09723. d15 = 0:9645. d25 = 09582. 


107. Indene, CyHs. 


Three specimens of this hydrocarbon were used, namely, two 
obtained from coal-tar and one synthetically from hydrindenecarb- 
oxylic acid, obtained by W. H. Perkin, jun. As the results were not 
identical, the numbers obtained with cach specimen are given. 

I. From coal-tar, from Kramer and Spilker, fractionated three 
times from sodium. Boiling point 179°5—180°5° (corr.). 

Relative density : 

d 4° = 1:0277. d 10° = 1:0225. d 20° = 1:0152. 
d5 = 1:0268. d15 = 10187. d25 = 1:0121. 

II. From coal-tar, but purified as picrate, distilled over sodium. 
Boiling point 177—178°5° (corr.). 

Relative density : 

d 4° = 1:0479. d 10° = 1:0427. d 20° = 1:0350. 

d5 = 1:0470. d15 = 1:0387. d25 = 1:0318. 
III. From coal-tar, Fabrik Erkner. Boiling point 176—178° (corr.). 
Relative density : 

d 4° = 1:0600. d 10° = 1:0548. d 20° = 1:0473. 

d5 = 1:0590. d 15 1:0509. d 25 = 1:0439. 

From the results obtained, there is evidently a good deal of varia- 
tion in the samples, as shown in the following table. 


Boiling point. d 15°/15°. Mol. rotation. Average. 
I. 180-0° 10187 15°355 15°350 
II. 1778 1:0387 15°255 15°253 
III. 1770 1:0509 14946 14-946 


$= if7 15°183 
0°017 


Average... 15°0° 15°200 
IV. Synthetical indene from the barium salt of hydrindenecarb- 
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oxylic acid (W. H. Perkin, jun., Trans., 1894, 65, 246), boiling at 
181°. Mol. rotation 16°202. 
Relative density : 
d 4° = 1:0059. d 10° = 1:0008. d 20° = 0°9925. 
d5 = 1:0050. d15 = 09971. d 25 = 0°9906. 
It is evident that there is a difference either in purity or of con- 
stitution in the indene from the two sources, The synthetical is, no 
doubt, a pure compound. 


Aromatic ALconoLs, ALDEHYDES, anp KeETonss. 
108. Benzylic Alcohol, C;H,O = C,H,;:CH,-OH (b. p. 205:2—205°4°). 


Relative density : 

d 4° = 1:0579. d 35° 

d5 = 1:0572. d 40 
d10 = 1:0534. d 45 
d15 = 1:0500. d 50 
d 20 1:0469. d 55 
d 25 1:04.41. d 60 
d 30 10416. d 65 


1:0394. d 70° = 1:0278. 
10374. d75 = 1:0265. 
1:0355. d80 = 1:0255. 
1:0338. d 85 = 1:0245. 
1:0322. d90 = 1:0237. 
1:0306. d95 = 1:0230. 
10292. d100 = 10225. 


Huw we ue ued 


109. Cuminie Alcohol, CyH,O = C3;H;C,H,;-CH,OH. 
After fractionating several times, it boiled at 248°4—248°9° (corr.). 


Relative density : 

d 4° = 0°9869. d 35° = 0°9713. d 70° = 0°9609. 

dd 0°9863. d40 = 0°9696. ad75 = 0°9600. 
d 10 0°9834.. d 45 = 0°9677. d 80 = 0°9592. 
dad 15 0°9805. ad 50 0°9661. d 85 = 0°9585. 
d 20 0:9777. d 55 0°9646. ad90 = 0°9579. 
ad 25 0:9753. d60 = 0°9632. ad95 = 0°9576. 
a30 = 0°9733. d65 = 09620. d@100 = 0°9572. 


110. Methylsaligenin, CsH,O, = CH,O-C,H,CH,-OH. 


This was prepared by dissvulving saligenin in methylic alcohol in 
which the necessary amount of sodium had been dissolved, adding 
methylic iodide, and then heating the mixture in a soda-water bottle 
for four or five hours at 100°. The alcohol and excess of iodide were 
afterwards distilled off, water and ether added, and the ethereal solu- 
tion washed with alkali; after removal of the ether, the residue was 
distilled under a pressure of 250 mm., about half coming over at 
180—184°, the temperature then gradually rising until it reached 
300°. The first portion, on being fractionated a few times, boiled 
constantly at 180° under a pressure of 250 mm. 
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Relative density : 
d 4°-= 1:0585. d 10° = 1°0534. d 20° = 1:0459. 
d5 = 10576. dl5 = 1:0495. d25 = 1:0427. 


111. Anisie Alcohol, C5H,.O, = CH,0-C,H,yCH,-OH. 


Prepared from anisaldehyde by means of alcoholic potash, the 
alcohol obtained being treated a second time with alcoholic potash to 
ensure the removal of every trace of the aldehyde; 60 grams of anis- 
aldehyde yielded about 20 grams of the alcohol. It boiled at 
215—217°, and when treated with sodium hydrogen sulphite did not 
show the presence of any unchanged aldehyde. When kept it solidi- 
fied, the freezing point being about 17°; Cannizzaro and Korner 
(Ber., 1872, 5, 436) give its melting point as 25°; but Biedermann 
(Ber., 1886, 19, 2376), who prepared it from parahydroxybenzylic 
alcohol by the action of methylic iodide and caustic potash, gives it as 
45°, This large difference would indicate the possibility of the latter 
being an isomeric compound. 


Relative density : 
d 4° = 1:1202. d 10° = 11160. d 20° = 1:1102. 
d5 = 11195. d15 = 1:1129. d 25 = 1:1076. 


112. Benzaldehyde, C;H,O = C,H;-COH. 


The natural product was employed for examination. Boiling 

point 178-6—1]78°9°. 
Relative density : 

d 4° = 1:0591. d 35° = 1:0379. d 70° = 1:0228. 

adi 1:0582. d40 = 1:0354. d 75 10211. 

da 10 1:0539. d 45 = 1:0330. d 80 10195. 

d 15 1:0500. d50 = 1:0308. d 85 1:0181.- 

d 20 10466. d55 = 1:0286. d 90 1:0169. 

d 25 1:0434. d60 = 1:0266. d 95 1:0157. 

d 30 1:04.06. ad65 = 1:0247. 4100 1:0147. 


Hou i te il 
Hoe we uu 


113. Cuminaldehyde, CyH,,O = C;H7C,H,COH. 


This was purified by conversion into the sodium hydrogen sulphite 
compound, which was well washed with alcohol and dried; it was 
then decomposed with dilute sulphuric acid, the aldehyde mixed with 
ether, washed with dilute potash, dried, and distilled. It boiled 
constantly at 235°5° (corr.). 

Relative density : 

d 4° = 0°9898. d 10° = 0°9851. d 20° = 0°9787. 
d5 = 0°9889. d15 = 0°9818. d 25 = 09759. 
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114. Anisaldehyde, C,H,0, = CH;0-C,H,CO.H. 


Prepared from the potassium hydrogen sulphite compound by 
decomposing it with dilute sulphuric acid. It boiled at 199—199-5° 
under a pressure of 210 mm., and at 248° (corr.). Cooled in ice and 
salt, it solidified, and a thermometer placed in the melting product 
remained constant at —0-02°. 


Relative density : 
d 4° = 1:1343. d 10° = 1:1295. d 20° = 1:1227. 
d5 = 1:1336. d15 = 1/1260. d25 = 1:1197. 


115. Methylsalicylic Aldehyde, CSH,O, = CH;,0-C,H,yCOH. 


This was prepared from the pure sodium compound of salicylic 
aldehyde by the action of methylic iodide in the presence of methylic 
alcohol. It was then steam distilled, dissolved in ether, washed with 
dilute potash, dried and distilled, most of it coming over at 
243—244°. On cooling, it solidified and the crystalline mass was 
well pressed between bibulous paper ; it then distilled at 243° (corr.), 
and at 199° under a pressure of 250 mm., coming over as a colourless 
oil as previously stated. (Trans., 1889, 55, 550.) This substance 
has two fusing points, one at 2°7—3°, and the other at 35°. 


Relative density : 
d 4° = 1:1445. d 10° = 11392. d 20° = 11319. 
d5 = 1°1436. d15 = 1:1354. d25 = 1:1287. 


116. Salicylaldehyde, C;H,O, = HO-C,H,COH. 


This was prepared by the oxidation of salicin (b. p. 197°, corr.). 


Relative density: 
d 4° = 1:1626. d 10° = 1/1571. d 20° = 1:1495. 
a5 =1°1617. d15 = 1:1530. d25 = 11461. 


117. Acetophenone, C(H,O = C.Hs°CO-CH3. 


Kahlbaum’s acetophenone was cooled so as to crystallise it,and the 
solid mass thoroughly drained, and rubbed between bibulous paper 
until free from oil. It then boiled at 202° (corr.). The fused product 
often remains liquid below its fusing point for a considerable time. 


Relative density : 
d 5° = 1:0408. d 20° = 1:0296. d 40° = 1°0184. 
d7 = 1:0391. d25 = 1°0266. d45 = 1°0161. 
d10 = 1:0367. d 30 1:0237. d50 = 1:0140. 
d15 = 1:0329. d35 = 10210. dd55 = 10121. 
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118. Benzophenone, C,3H,O = C.H;*CO-C,H; (b. p. 306°1°). 
Relative density : 
d 50° = 1:0976. d 70° = 1:0923. d 90° = 1:0898. 
d55 = 1:0961. d 75 10913. ad 95 = 1:0897. 
d60 = 1:0948. d 80 1:0905. 
d65 =1:0935. 485 10901. 


119. Phenyl Ethyl Ketone, C,H;oO = C.H;-CO-C,H;. 

The product obtained from Kahlbaum was distilled and cooled in 
a freezing mixture of ice and salt in which it solidified; it was then 
placed on a porous plate and well broken up and rubbed against it 
with a pestle until it became a dry white powder. It boiled at 
142—142-2° under a pressure of 78 mm. giving a colourless distillate ; 
if left undisturbed it will remain liquid for days, but the introduc- 
tion of a trace of the solid product causes it to solidify quickly. 


Relative density : 
d@ 15° = 1:0150. d 20° = 1:0118. d 25° = 1:0087. 


120. «-Hydrindone, C,H,O = CH<GH> CO. 
2 


Dr. Kipping was kind enough to furnish me with this substance. 
Its melting point was 42°, 


Relative density :— 
d 40° = 1°1028. d 55° = 1:0977. d 70° = 1:0934, 
_€@45 = 1:1011. d60 = 1:0962. ad75 = 1:0921. 
ad50 = 1:0993. d65 = 1:0947. d 80 = 1:0908. 


When examined for magnetic rotation in the measuring tube, this 
specimen was rather strongly coloured, of a brownish-orange shade, 
and oxygen had to be used with the sodium light in order to get a 
light sufficiently intense for the measurements. 


121. Coumarone, C,H,O = O.H.<oo,>CH. 


This was the coal-tar product and obtained from the Fabrik 
Erkner. It boiled at 173—175° (corr.). 


Relative density :— 
d 4° = 1:0870. d 10° 
d5 = 10860. d 15 


1:0816. d 20° = 1:0740. 
10776. d 25 = 1:0705. 


Hatocen Derivatives, &c., or ARomatic HypROCARBON. 


122. Fluorobenzene, C.H;FI. 
For the use of the specimen of this substance examined, I am 
indebted to Dr. Sydney Young. Boiling point 85° (corr.). 
VOL. LXIX. 41 
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Relative density :— 
d 4° = 1:0418. d 10° = 1:0343. d 20° = 1:0244. 
d5 = 1:0404, d15 = 1:0290. d 25 = 1:0200. 


123. Chlorobenzene, C.H,Cl. 


Prepared from aniline by Sandmeyer’s process. It was purified 
by three treatments with concentrated sulphuric acid, until the latter 
was only coloured yellow by it; and then after washing with water 
it was treated several times with potash until the latter was no 
longer coloured; when dried it was distilled from phosphoric 
anhydride. Boiling point 131°4—131°6° (corr.). 


Relative density : 


d 4° = 1°1230. 
add 1°1220. 
11171. 
11125. 
1:1082. 
d 25 1:1042. 
d 30. = 1:1004. 


‘210 
ad 15 
d 20 


d 35° = 1:0969. 
d40 = 1:0934. 
d45 = 1:0900. 
d50 = 1:0868. 
d55 = 1:0837. 
d60 = 1-:0809. 
d65 = 1:0782. 


d 70° = 1:0755. 
d75 = 1:0728. 
d80 = 1:0702. 
d85 = 1:0678. 
d90 = 1:0658. 
d95 = 1:0640. 
d100 = 1:0623. 


124. Paradichlorobenzene, C.H,Cl. 


This specimen examined boiled at 173:7° (corr.). Its freezing 
point was 53°2°. 
Relative density : 

d 55° = 1:2675. 
d60 = 1:2648. d 75 1:2580. 
d65 = 1:2623. d 80 1/2562. 


125. Bromobenzene, CsH,Br. 


This was prepared like the chlorobenzene by Sandmeyer’s process 
and purified in the same manner; as, however, it was not perfectly 
homogeneous it was fractionated several times. A second specimen 
was then made from the pure potassium parabromobenzenesulphonate 
by hydrolysis; after distillation, even this was not quite pure, the 
first and last fractions differing in density by 0:0015. This was also 
fractionated repeatedly. The two preparations were mixed for use. 
Boiling point 155-0° (corr.). 

Relative density : 

d 4° = 1°5103. 


d 70° = 1:2600. d 90° = 1°2545. 


d 35° = 1°4798. d 70° = 1°4552. 
d5 = 1°5092. d40 = 1:4758. d 75 

@10 = 1°5042. d45 = 1:4718. d 80 

d15 = 14991. d50 = 1°4681. d 85 

d 20 = 1°4936. d55 = 1:4648. d 90 

d25 = 1°4886. d60 = 1°4613. d 95 

d30 = 1°4841. d65 = 14582. 4100 
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126. Iodobenzene, C.H,l. 


The substance used was obtained from Kahlbaum, but although it 
boiled within a fraction of a degree, on taking the density of the 
first and last fractions a variation of 0°0025 was found. After being 
refractionated a great many times until the density of the first and 
last fractions varied by only about 0:0007, it was once more distilled, 
the first and last portions being rejected. The boiling point was 
187°7° (corr.). 

Relative density : 

d 4° = 1°8551. d 35° 

dh 1°8534. d 40 
d 10 18462. d 45 
db 18401. d 50 
d 20 18341. d 55 
d 25 1-8283. d 60 
ad 30 18239. d 65 


18175. d 70° 
18136. d 75 
1°8100. d 80 
1:8067. d 85 
1:8032. d 90 1°7862. 
18000. d 95 1°7847. 
17971. 42100 = 1°7832. 


1:7944. 
1°7920. 
1-7899. 
1°7879. 


Huu beni a 
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127. Orthochlorotoluene, CH;'C,H,Cl (b. p. 159—159°2° corr.). 


Relative density : 


d 4° = 1:0973. d 10° = 1:0918. d 20° = 1:0837. 


d5° = 109638. d15 = 1:0877. d 25° = 1:0801. 


128. Parachloretoluene, CH;'C,H,Cl. 
Solidifying point 7°4°. Boiling point 162—162-2° (corr.). 
Relative density : 


d 4° = 1:0847. 210° = 1:0791. d 20° = 1:0710. 
d5 = 1:0836. d 15° = 1:0749. d 25° = 1:0672. 


129. Benzylic Chloride, C;sH;;CH,Cl. 


This was prepared from benzylic alcohol by means of hydrogen 
chloride. It was first steam distilled, and then twice fractionated. 
Most of it came over at 179° (corr.), as a colourless oil. 


Relative density : 
d 4° = 1/1135. d 10° = 1:1081. d 20° = 1:1002. 
d5 = 11125. d15 = 11040. d25 = 1:0967. 


130. Orthobromotoluene, CH;°C,H,Br. 


The specimen examined was obtained through the kindness of Dr. 
A. K. Miller, who prepared it by the hydrolysis of the pure sulphonic 
acid. When fractionated, the first and last portions differed in 
density by about 0:0004. Boiling point 181° (corr.). 

41.2 
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Relative density : 
d 4° = 1°4437. d 10° = 1°4362. d 20° = 1°4264. 
d5 = 14424. d15 = 1:4309, d25 = 1°4222. 


131. Parabromotoluene, CH;-CeH,Br (b. p. 183°8°, corr.). 
Relative density : 
d 35° = 1°3959. d 60° = 1°3799. d 85° = 1°3679. 
d 40 1°3921. d 65 1:3772. a90 = 1°3662. 
d 45 13887. d 70 13746. d95 = 1:3648. 
d 50 1:3856. d 75 1:°3722. 4100 = 1:3637. 
d 55 1:3826. d 80 1°3699. 


132. Phenylic Sulphide, S(C.Hs)>. 

Mr. C, E. Groves kindly supplied me with a quantity of the pro- 
duct which he had prepared in the late Dr. Stenhouse’s laboratory 
by the distillation of sodium benzenesulphonate, After a large 
number of fractionations, the phenylic sulphide was obtained, boiling 
at 296—297° (corr.). 

Relative density : 

d 4° = 1:1266. d 35° 
d 5 1:1258. d 40 
d 10 1°1221. d 45 
d 15 1:1185. d 50 
d 20 11153. d 55 


1/1076. d 70° = 1:0963, 
11054. d@75 = 1:0953. 
1°1035. d80 = 1:0944, 
11017. d85 = 1:0937. 
1°1002. d 90 1:0931. 
d 25 1°1125. d 60 1:0987. d 95 1:0927. 
d 30 1°1099. d 65 10975. d100 = 1:0924. 


133. Thiophen, CHS. 
Distilled from phosphoric anhydride. This substance boiled con- 
stantly at 84°. 
Relative density : 
ad 4° = 1:0828. d 10° = 1:0764. d 20° = 1:0658. 
d@5 = 1:0819. d@15 = 1:0708. d25 = 1/0615. 


134. Benzylic Sulphide, CyhHyS = S(CH2C.Hs)>. 
Relative density : 
d 50° = 1°:0712. d 70° = 1:0662. d 90° = 1:0635. 
d 55 10698. ad 75 = 1:0653. d 95 10634. 
d60 = 1:0685. d80 =1:0644. 42100 1:0634. 
ad65 = 1:0673. d85 = 1:0639. 


135. Thiocarbanil, Phenyl Mustard Oil, C;H;N-S-C.H;NCS. (Boiling 
point 221° (corr.). 


Hu wu ue ue dl 
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Relative density : 
d 4° = 1:1477. d 10° 
d5 = 11467. d 15 


11421. d 20° = 1:1346. 
11382. d25 = 1:1314. 
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136. Benzenesulphonic Chloride, CsHs‘SOCI (b. p. 251°5°, corr.). 


Belative density : 
d 4° = 1:3949. d 10° = 1°3887. d 20° = 1:3803. 
d5 = 13939. d15 = 13842. d25 = 13766. 


137. Benzoic Chloride, C;H;OC] = C,H;-COCI. 


This was fractionated several times, and then kept in several small 
bottles for use, a fresh bottle being opened for each examination of 
its density or rotation. Boiling point 197:2° (corr.). 

Relative density : 

d 4° = 1:2291. d 10° = 1°2231. d 20° = 1:2146. 
d5 = 12281. d15 = 1:2187. d25 = 12112. 


138. Phthalic Chloride, CsH,O,C1, (b. p. 281—281-2°, corr.). 
Relative density : 
d 4° = 1:4323. d 10° = 1:4260. d 20° = 1°4172. 
dd = 1:4312. d1l5 = 1°4214. d 25 = 1°4135. 


139. Phenylacetic or a-Tolwic Chloride, C3H;,OC] = C,Hs*CH,*COCI. 


When fractionated under reduced pressure a few times, it was 
obtained boiling very constantly at 170° under a pressure of 250 mm. 


Relative density : 
d 4° = 171856. d 10° = 1:1798. d 20° = 11712. 
d5 = 1:1846. @15 =11753. 425° = 11674. 


140. Metachloraniline, C;H,;CIN = C,.H,Cl-NH. 
This base, after a few fractionations, boiled at 236°5°. 


Relative density : 
d 4° = 1:2317. d 35° 
d5 = 1:2307. d 40 
d 10 1:2265..  d 45 
d 15 1°2295, d 50 
d 20 12191. d 55 
d 25 1:2158. d 60 
d 30 12129. d 65 


1:2102. d 70° 
1:2079. d 75 
1:2058. d 80 
1:2038. d 85 
1:2019. d 90 
1-2002. d 95 
11987. 4100 


11973. 
1:1960. 
11951. 
11943. 
1/1938. 
1:1933. 
1:1930. 


ee 
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141. Parachloraniline, CSH,CIN = C,H,Cl-NH;. 


This boiled constantly at 232°3° (corr.), and crystallised rapidly on 
cooling. The boiling points of this and of the meta-compound were 
determined at the same time and with the same thermometer, and 
show a difference of 42°. 
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Relative density : 
470° = 1:1970. d 85° = 1:1940. d 100° = 171928. 


a@75 = 1:1958. d 90 1:1936. 


d@80 = 1:1948. @95 = 11931. 


142. Benzonitrile, C;H;N = C.HsCN (b. p. 190°7°, corr.). 
Relative density : 

d@4°=10191. . d10°=10140. 420° = 1:0066. 

d@5 =10181. d15 = 10102. d25 = 1:0036. 


143. Paratoluonitrile, C,H;,N = CH;-C,H,CN. 

Boiling point 217°6°. Solidifying point 27°5°. 

Relative density : 

d 30° = 0°9805. d 40° = 0:9763. 
d 35 = 09780. d45 = 0°9751. 

No temperature differences of compounds of this kind have been 
determined. Its specific rotation, however, is close to that of benz- 
aldehyde, and probably the. difference will not be far from that of 
this substance, namely, 0°379 for 100°. This. has therefore been 
applied in this case to reduce the rotation to 15:0°. 


144. Orthotolunitrile, C,H;N = CH,CsHyCN (b. p. 205°2°, corr.). 
Relative density : 

d 4° = 1:0061. d 10° = 1°0012. d 20° = 09942. 

d5 = 1:0052. d15 = 09975. d25 = 0°9912. 


145. Benzylic Cyanide, CH;,N = C,H;‘CH.°CN (b. p. 233—234°). 
Relative density : 

d 4° = 1:0296. d 10° = 10249. 420° = 1:0183. 

d5 = 10288. d15 =10214. d25 =1:0154. 


146, 2-Naphthonitrile, C,H;N = CyH,CN. 

The substance, as obtained from Kahlbaum, was solid, but when 
very strongly pressed, a small quantity of oily product was separated. 
It was then a hard, porcelain-like mass, which melted at 35—36°, 
and boiled at 299° (corr.). After being fused, it remains in a state of 
surfusion for a long time. 

Relative density : 

d 4° = 1°1243., d 10° = 1:1199. d 20° = 11138. 
@5 = 1:1235. d@15 = 11167, €@25 = 111113. 


147. B-Naphthonitrile, C,H, = CyH,CN. 
This boiled at 306°5°, or 75° higher than the a-compound. The 
boiling points given in Beilstein make the difference 70°. It came 
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over as a@ colourless oil, solidifying to a porcelain-looking mass. 
It commenced solidifying at 56°9°, but the temperature gradually 
rose to 59°0°, 


Relative density : 
d 60° = 1:09389. d75°=1:0921. 4d 90° = 1:0905. 
d65 = 1:0933. ad80 = 1:0916. ad95 = 1-:0901. 
d@70 =1°0927. d85 =1-0910. 


Magnetic rotation three times determined. 
t. Sp. rotation. Mol. rotation. 
71:2° 3°3178 25°811 
Corrected to 15°0 by estimated temp. diff. of 
0°453 for 100°..  26°264 


Aromatic Bases. 


148. Aniline, C,H;N = C,H;-NH;. 
The substance examined boiled constantly at 184° (corr.). 


Relative density : 
d 4° = 1:0342. d 25° 
di = 1:0333. d 55 
d 10 1:0292. d 60 
d 15 1:0254. d 65 
d 20 1-0219. d 70 


10191. d 75° = 0°9970. 
1:0038. d80 = 0°9957. 
1/0019. d85 = 0°9943. 
1:0001. a@90 = 0°9931. 
09985. d95 = 09919. 
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149. Methylaniline, C,H,N = C,H; NH-CH;. 


This boiled constantly at 195°5° (corr.), or 2'5° higher than dimethyl- 
aniline when distilled in the same vessel, and with the same ther- 
mometer. ; , 


Relative density ; 
d 4° = 0:9993. d10° = 0°9946. d 20° = 0°9882., 
d5 = 09984. d15 = 09912. d25 = 0°9854., 


150. Dimethylaniline, C,H, N = C,H;N(CHs)2 (b. p- 193°, corr.). 


Relative density : 

d 4° = 0°9703. d 35° = 0°9508. d 70° = 0°9370. 

d5 = 09695. d40 = 0°9484. d75 = 0°9354. 
d.10 = 0:9657. d45 = 0:9461. d 80 = 0°9340. 
d15 = 09621. d 50 = 09440. @85 = 09327. 
d 20 = 0°9587. d55 = 09421. d90 = 09814. 
d 25 = 09559. d60 = 0:9403. d.95 = 0°9302. 
d 30 = 0°9534. ad65 = 09386. d100 = 0°9289. 
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151. Ethylaniline, CSH,,N = CsHsNH-C,H; (b. p. 205—206°). 
Relative density : 
d 4° = 09727. d 10° = 09678. d 20° = 0°9611. 
d5 = 09719. d15 = 0:9643. d25 = 0°9583. 


152. Diethylaniline, CyH;N = CsHsN(C2Hs)2 (b. p. 216—216'5°). 
Relative density : 

d 4° = 09471. d 10° = 0°9425. d 20° = 0°9357. 

d5 = 09463. ‘d15 = 0°9389. d25 = 09331. 


153. Methyldiphenylamine, C3H,N = (CoHs5),N°CH, (b. p. 295°5— 
296°5°, corr.). 
Relative density : 
d 4° = 1:0603. 4d10°=1:0557. 420° = 1:0491. 
d5 = 1:0596. d15 = 1:0522. d25 = 1:0465. 


154. Benzylamine, C,H;N = C,H,;*CH,°NH; (b. p. 184—185°, corr.). 


Relative density : 

d 4° . d 35° ; . d 70° = 0°9394. 

d5 j . d 40 ; , d 75 0°9576. 

d 10 ' d 45 , : d80 = 0°9561. 

d 15 : d 50 ; . d85 = 09549. 

d 55 : . d90 = 0°9537. 

d 25 ; d 60 ‘9633. d95 = 0°9527. 
d30 =0° : d65 = 0°: - @100 = 09518. 


155. Mixture of Benzylamine and Water, equal volumes, at 15°. Com- 
position = C,H,N + 6:022H,0. 
Calculated relative density: d 15° = 09935. Found: 1:0093. 
Diff.: 0:0101 (contraction). 


Magnetic rotation : 
t Sp. rotation. Mol. rotation. Diff. 


Unmixed.... 150° 1-6389 19-739). 
" 16157 mtn — 
Caleculated...... 19°687 


156. Dibenzylamine, CyHyN = NH(C,H;:CHy)>. 

This specimen, which was obtained from Schuchardt, contained 
some tribenzylamine, which was separated by distillation under 
reduced pressure. The specimen examined boiled at 268—271° under 
a pressure of 250 mm. 

Relative density : 

d 4° = 1:0415. d 10° = 1:0370. d 20° = 1:0306. 
d5 = 1:0407. d 15 1-0336. d 25 = 10281. 
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157. Benzylaniline, C,sHisN = CsHsNH-CH,C,Hs. 
This base remains liquid for a considerable time, at a temperature 
many degrees below its melting point (32°). Advantage was taken 
of this in the following determinations. 


Relative density : 
d 15° = 1-0698. d 25° = 1:0647. d 35° = 1:0601. 
d20 = 1:0672. ad 30 = 1:0622. 


158. Phenylazoimide, C-H;N3. 
For the specimen of this substance I am indebted to Dr. Tilden. 


Relative density : d 10° = 1:0980. d 20° = 1:0880. 
d15 = 1:0932. d 25 = 1:0853. 


159. Phenylhydrazine, CSHzN, = C.H;-NH:-NH:. 


This boiled constantly at 243°5°, distilling as a nearly colourless 
oil. It could be kept in a liquid condition for some time at a tem- 
perature considerably below its melting point. 


Relative density: d 10° = 1:1070. d 20° = 1:0994, 
@15 = 1:1027. d25 = 1:0970. 


160. Paratoluidine, C;H,N = CH,C,Hy NH. 


This base was purified by crystallisation from a small quantity of 
alcohol, the crystals being strongly pressed in calico, and then pressed 
on a porous plate; they were quite white, and, when distilled, boiled 
constantly at 200°3° (corr.). 

Another specimen, recently obtained from Kahlbaum, boiled at 
200'5°, and had a solidifying point of 42°8°. 

Relative density : 

d 50° = 0°9730. d 60° = 0°9692. d 70° = 0:9670. 
d55 = 09707. . d65 = 09679. 

To examine paratoluidine at ordinary temperatures, it was dissolved 
in its own weight of orthotoluidine. 

Relative density: d 10° = 1:0009. d 15° = 0°9973. 


Magnetic rotation : 


t. Sp. rotation. Mol. rotation. 
16°2° 2°7985 33°388 
Orthotoluidine at 16°2° 17°192 


16°196 
Corrected to 15°0° .... 16°188 
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Solution of Paratoluidine in Alcohol. 
This solution was made in the proportion of 1 mol. of para- 
toluidine to 2 mols. of absolute alcohol. 
Relative density of solution: 
d 10° = 0'9041. d 20° = 0°8974. 
d15 = 0°9008. d25 = 08942. 
The magnetic rotation twice determined : 
t. Sp. rotation. Mol. rotation. 
15:0° 1:7130 21-023 
Less rot. of 2 mols. aleohol 5°560 


15-463 
In reference to this result see section on Solutions (p. 1058). 


161. Orthotoluidine, C,H,N = CH;C,H,NH:2. 


Orthotoluidine, used for technical purposes, was purified by the 
process described by Rosenstiehl, namely, by treating its ethereal 
solution with an ethereal solution of oxalic acid so as to remove any 
paratoluidine it might contain. It boiled at 1299—200° (corr.). 
Another specimen recently obtaimed from Kahlbaum boiled at 199°5° 


(corr.). 
Relative density : 
d4°=1:0112. d20°=09998. 4d 40° = 0:9896. 
db 10103. 425 =09970. 445 = 0°9874. 
d10 =1:0066. d30 =0:9944. d50 = 0°9852. 
d 15 10031. d35 =09919.. d55 = 09851. 


162. Metatoluidine, C,H,N = CH;°C,.H,yNH2. 


This was Obtained from Schuchardt; when fractionated, rather 
more than half came over between 206° and 210°. It was afterwards 
refractionated several times, using a column, and the main portion 
was then obtained boiling at 203° (corr.), a few drops coming over at 
204°, This is a slightly higher boiling point taken in relation to the 
ortho- and para-toluidines, than that obtained by other observers. 
The following are the results given in this paper: 


Relative density of metatoluidine: 
d 4° = 1:0041. d 10° = 09996. d 20° = 09929. 
dd = 1:0033. d15 = 0°9961. d 25 0°9900. 
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163. Dimethylorthotoluidine, CHsC,HyN(CHs)>. 


Both this and the para-compound were obtained from Kahlhaum, 
and their rotations determined after fractionating, and again after 
they had been treated with acetyl chloride, &c.; this final treatment 
did not remove anything from them. In both cases the results 
obtained: were practically the same. The boiling point of the di- 
methylorthotoluidine was 185°5°, 


Relative density : 
d 4° = 0°9417. d 10° = 0°9369. d 20° = 0:9299. 
dd = 0°9407. d15 = 09333. 425 = 0°9268. 


164. Dimethylparatoluidine, CH;-C,HyN(CHs)2 (b. p. 21]—211'5°, 
corr.), 
Relative density : 
d 4° = 0°9502. d 10° = 0°9459, d 20° = 0°9393. 
d5 = 0°9495. d15 = 0°9424, d 25 = 09364. 


165. Orthoanisidine, C;H,NO = CH,'0-C,Hy NH. 


The specimen examined boiled constantly at 225° (corr.), distilling 
as a colourless oil; this, however, soon became coloured on standing, 
so that it was necessary to redistil it each time it was examined. 


Relative density : 

d 4° 1°1062. d 35° 

d 5 1:1054. d 40 
ad 10 1/1016. d 45 
d 15 1:0978. d 50 
d 20 1:0945. d 55 
d 25 10914. d 60 
d 30 1:0885. d 65 


166. Para-anisidine, C;H,NO. 


1:0857. d 70° = 1:0723. 
1:0832. ad75 =1°0711. 
10808. d 80 = 1:0702. 
1:0788. d85 = 1:0694. 
1:0768. d90 = 1:0686. 
10751. 

1:0736. 


Hund nd dowel 
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Boiling point 243° (corr.), or 18° above that of the ortho-compound. 
Solidifying point 57:2°. . 


Relative density : 
d 55° = 1:0866. d 70° = 1°08186. d 85° = 1:0791. 
d60 = 1:0846. d75 = 1:0806. d90 = 10786. 
d65 = 1:0829. d80 = 1:0798. 


167. a-Naphthylamine. 


This was distilled in a current of carbonic anhydride, and the 
colourless distillate cooled in the gas, when it solidified to a white, 
crystalline mass. It often remains in a state of surfusion much 
below its solidifying point.. The boiling point was 300°8°. 
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Relative density : 
d 25° = 11229. d 55° = 11131. d 85° = 1:1091. 
d 30 1:1210. d60 = 11120. d90 = 1°1091. 
d 35 1-1192. d65 = 1°1112. d95 = 11093. 
d 40 11175. d70 =1:1104. d100 = 1:1098. 
d 45 11158. d75 = 1:1098. 
d 50 11144. d80 = 1:1098. 
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168. B-Naphthylamine. 


A fused mixture of equal weights of a- and A-naphthylamine was 
used, as’ the 8-compound melts at too high a temperature for examina- 
tion (L11—112°). The bases had to be freshly distilled in hydrogen 
in order to obtain the mixture sufficiently free from colour, and also 
melted in an atmosphere of this gas before being transferred to the 
measuring tube. This mixture was found very troublesome to 
examiné on account of the:readiness with which it became coloured 
when kept at its fusing point; this is the reason it was only once 
examined, although several attempts were made to repeat the 
measurements. It would be desirable to re-examine this mixture 
several times, and then take the average; the following results, how- 
éver, are probably near the truth. Boiling point 306°1°. 


Relative density of the mixture : 
d 80° = 11041. d 90° = 1:1046. 
Magnetic rotation : 


t. Sp. rotation. Mol. rotation. 
82°3° 4°9351 71-078 
Less «-naphthylamine at 82°3° 36°428 


B-naphthylamine at 82°3 34°650 
Corrected to 15:0° (by temp. diff. of 
a-naphthylamine) 35°700 


169. Dimethyl-B-naphthylamine, CyHisN = CyH;N(CHs)>. 


Obtained from Schuchardt. It boiled at 212—214°, mostly at 
212—213° under a pressure of 69 mm. Its solidifying point was 41° 
rising to 42°, When distilled under the ordinary pressure in hydro- 
gen, it usually came over a little coloured ; if a little caustic potash, 
however, be previously added it is obtained colourless. It has a 
blue fluorescence. 

Relative density : 

d 40° = 1:0455. d 55° = 1:0419. d 70° = 1:0387. 
d 45 1:04.42. d60 = 1:0407. 
d 50 1:0430. d65 = 1:0397. 
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Magnetic rotation three times determined : 


t. Sp. rotation. Mol. rotation. 
49°4° 5°1436 46°840 
Corrected to 15:0° by temp. diff. of «-naphthyl- 


170. Dimethyl-a-naphthylamine, CpHjN = CyHyN(CHs):. 


Obtained from Schuchardt. It distilled mostly at 184—185° 
under a pressure of 69 mm. When fractionated under a pressure of 
90 mm., it nearly all came over at 193° as a colourless liquid with a 
blue fluoresence. It did not give crystalline salts with acids. 


Relative density : 
d 4° = 1:0522. d 25° = 10391. d 5G° = 10291. 
d5 = 1:0513. d 30 1:0367. d 55 1:0276. 
@10 = 1:0479. d 35 10345. d 60 1:0264. 
dl5 = 1:0446. d 40 1°0326. d 65 1:0253. 
d@20 = 1:0418. d 45 1:0308. d 70 10243. 


CH;: CH, 
CH, CH; ‘NH, 
The specimen, obtained from Schuchardt, was fractionated under 


a pressure of 250 mm.; from a little sodium most of it distilled at 
210° (corr.) as a colourless, rather thick oil. 


171. ac- — B-naphthylamine, CyHisN = CoH 


Relative density : 
d 4° = 1:0421. d 10° = 1:0377. @ 20° = 
dd = 1:0412. d 15 1:0344. d 25 


i 
HC 


172. ar-Tetrahydro- —<" CyoH,:N = 


This was obtained from Schuchardt. When fractionated from 
sodium under a pressure of 250 mm., about half came over at 
233—235° (corr.) as a thick oil, the rest of the product being of 
higher boiling point, and probably containing a little a-naphthyl- 
amine, It soon became somewhat coloured on keeping. 


Relative density : 
d4°= 10746. d10°=1:0702. 420° = 1:0640. 
d5 =1:07388.. d15 = 10668. 425 = 1:0616. 
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173. Pyridine, CsHsN (b. p. 116-°2—116°7°). 
Relative density : : 
d 4° = 09944. d10°= 09895. 4d 20° = 09816. 
d5 = 09935. d15 = 09855. 425 = 09778. 


174, Quinoline, C,H;N (b. p. 238°, corr.). 


Relative density : 
d 4° = 1:1063. d10°=1:1018. 4d 20° = 1:0955. 
d5 =11055. d15 = 10985. 425 = 10930. 


H 
175. Tetrahydroquinoline, C§HiN = 


Boiling point 251° (corr.). 

Relative density : 
d 4° = 1:0704. d 10° = 1:0660. d 20° = 1:0598. 
d5 = 1:0695. d15 = 1:0627. d25 = 1:0571. 


176. Metaphenylenediamine, C§H,N, = CsH,(NH:)2. 


This was prepared from the hydrochloride by distillation with 
lime; when fractionated, most of it passed over at 282—284° (corr.), 
For examination it was redistilled in hydrogen, when it was obtained 
colourless, When first prepared, it remained as a thick oil for about 
a week, but after several distillations its tendency to become solid 
increased ; this was especially the case when it was distilled with 
caustic potash. It became coloured very quickly on exposure to the 
air. 


Relative density : 
d 10° = 1°1421. d 30° = 1:1316. d 50° = 1°1257. 
d 15 1°1389. d35 = 1:1298. d 55 = 1:1248. 
d 20 1:1361. d40 = 1:1283. d60 = 1°1240. 
d 25 1:1337. d45 = 11269. 


177. Orthophenylenediamine, CsH,N, = C,H,(NHz,)2. 


This was prepared from Kahlbaum’s hydrochloride, by adding 
caustic potash of sp. gr. 1°27 in excess to its saturated solution, when 
most of the base separated in the solid state; it was collected on a 
cotton filter and pressed. The aqueous filtrate was treated with ether, 
and in this way a small additional quantity of base was obtained. The 
base thus prepared boiled at 256—258° (corr.), most of the product 
distilling at the latter temperature ; Griess gives the boiling point as 
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252°. It was then rectified in an atmosphere of carbonic anhydride, 
when it came over:as a colourless oil, quickly solidifying to a 
crystalline mass. As its melting point is above 100°, its magnetic 
rotation could not be determined when in the pure state, but it was 
found possible to keep it liquid by mixing it with aniline in the pro- 
portion of 14 mol. of the latter to one of the diamine, and keeping 
the mixture at a temperature of about 70°. Much trouble, how- 
ever, was caused by the ready way in which this mixture becomes 
coloured when heated to this temperature; in fact, it was only found 
possible to obtain it sufficiently pale in colour for the measurement of 
its magnetic rotation by performing all the operations in an atmo- 
sphere of carbonic anhydride, and also keeping it protected with this 
in the measuring tube. On cooling, most of the diamine crystallised 
out from this mixture. 


Relative density of the mixture : 
d 66° = 1:04811. 4d 76° = 1:0458, 


The magnetic rotation was four times determined. In the first 
two, the colour was very considerable and the readings very diffi- 
cult to make; they gave for the molecular rotation 42°251 at 69°3°. 
The last two were made with two separately prepared mixtures, and 
owing to greater precaution having been taken these were more easy 
to read ; as these results are considered to be more trustworthy, they 


alone are taken. They gave 


t. Sp. rotation. Mol. rotation, 
74°4° 3°2017 4.2°404. 
Less 1°5 aniline at 74°4°....... 23°458 


Orthophenylenediamine at 74°4°..... 18°946 
Add temp. diff. for aniline for 59°4.. 0°445 


— —__— 


Orthophenylenediamine at 15°0..... 19°391 


178. Dimethylparaphenylenediamine, C;Hy,N, = NH,C,H,yN(CH;). 


This was prepared from the hydrochloride by dissolving it in a small 
quantity of water, and adding an excess of strong caustic potash of 
sp. gr. 1:27; the oily base was then separated, and the aqueous solu- 
tion treated with ether to recover any dissolved base, which, how- 
ever, was but little. The base was distilled with a very small 
amount of solid potash, when it came over as a colourless oil, rapidly 
turning brown on contact with the air. It boiled at 262°3° (corr.), 
and, on standing, solidified to a crystalline mass. It was obtained 
colourless by rectification in an atmosphere of hydrogen; but while 
transferring it to the measuring tube for the magnetic rotation deter- 
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minations, even when the tube was filled with carbonic anhydride, it 
acquired a brownish tint, which obscured much of the light. 


Relative density : 
d 15° = 1:0414. d 45° = 1:0272. d 75° = 1°0192. 
d 20 1:0383. d 50 1:0255. ad80 = 1:0184. 
d 25 1:0357. d 55 1:0240. ad85 = 10176. 
d 30 1:0332. d 60 1:0226. d90 = 1:0168. 
d 35 1:0310. d 65 1:0214. 
ad40 = 1°0291. d 70 1:0204. 


179. Benzamide, C,H;,NO = C,H;'CO-NH,. 

The only suitable solvent that could be found for the measure- 
ment of this substance was phenol containing 1 mol. of water. The 
solution had the composition C;H;NO + 2(C,H,O + H,.0) and con- 
tained 37:07 per cent. of benzamide. 

Relative density: d 15° = 1:0009. d 25° = 1:0959. 


Magnetic rotation three times determined : 
#. Sp. rotation. Mol. rotation. 
15°35" 2°2808 39°712 
2(C,H,.O + H,0) ee 26°192 


13°520 


180. Formanilide,.C;H;,NO = H:CO-NH-C,H;. 

This substance, which remains in a state of surfusion for a long 
time, was examined both below and above its fusing point. It was 
melted and filtered before use to remove a very minute quantity of 
infusible product, which made the readings wanting in sensitiveness ; 
even after this, they were not so good as might be wished, especially 
at the low temperatures. 

Relative density : 

d 15° = 11473. d 40° = 1:1353. d 65° = 1°1291. 
d20 = 11441. d 45 1:1336. d@70 = 1:1285. 
d@25 = 1:1415. d50 = 1°1322. d75 = 11280. 
@30 = 1°1391. d55 = 1-1810. d80 = 1:1277. 
d35 = 1:1371. d60 = 11299. 


181. Acetanilide, CH,NO = CH,;-CO:-NH-C,H;. 

This was purified by rapid distillation ; it boiled at 304-5—305°5° 
(corr.). Phenol was found to be the best solvent for this compound, 
the solution used having the composition C;H,NO + 1:5C,H,O;; it 
crystallised on standing. 
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Relative density of the mixture : 
d 67° = 1:07503. d 77° = 1:0782. 
The determination of the magnetic rotation was not satisfactory, 
as the solution was not sensitive and very difficult to read. It gave 
t. Sp. rotation. Mol. rotation. 
71:4° 2°3615 33°708 
Phenol, 71°4° 18006 


Acetanilide, 71°4°..  15°702 
At 15:0° corrected by temp. diff.of formanilide 0°301 


Acetanilide, 15° = 16°003 
182. Phenylacetamide, C(H;NO = C,H;'CH,CO-NA,. 


This was prepared from phenylacetic chloride and aqueous ammo- 
nia, and then crystallised first from water distilled under reduced 
pressure, and finally from alcohol. It boiled at 262° (corr.) under a 
pressure of 250 mm., but with slight decomposition. The only suit- 
able solvent was phenol, and even this, unless hot, did not keep 
sufhcient in solution for measurement. The solution used had the 
composition CsH,NO + 2°5C,H,O. This contained 36°48 per cent. of 
amide. 

Relative density of the mixture: 

d 67°17° = 1:07508. d 77°4° = 1:07310. 

The magnetic rotations were very difficult to read, as the product 
became coloured, and was not sensitive. 

f. Sp. rotation. Mol. rotation. 
8°5° 2°3397 44826 
2°5C.H,O at 78°5° .... 29°957 


14869 
For 63°5° (corrected by temp. diff. of form- 
GUNES) svcdevescceave 


Phenylacetamide, 15°0°..  15°208 


Hydrochlorides of Bases. 


With the exception of dimethylaniline hydrochloride, all were 
examined in solution, some of them as neutral salts, others containing 
an excess of hydrochloric acid. 

In most cases, the solutions of the neutral salts become coloured if 
kept even for a short time, but if free acid be present, this does not 
take place to the same extent, and it was for this reason that it was 
sometimes used. 

VOL. LXIX. 4M 
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183. Aniline Hydrochloride. 


This salt was examined in aqueous solution, prepared by adding 
the theoretical quantity of hydrochloric acid and water to a weighed 
quantity of aniline. The solution used contained 42°53 per cent. of 
hydrochloride, and was very nearly saturated. The composition was 
C.H;N,HCl + 9°722H,0. 

Relative density of the solution : 

d 15° = 1:0877. d 20° = 1:0861. 


Magnetic rotation, twice determined, gave 


t. Sp. rotation, Mol. rotation. 
142° 16251 


Less water 


Plus influence of solution estimated from di- 
methylaniline ........c0sesscercccsecocs 


Dry aniline hydrochloride. 


184. Dimethylaniline Hydrochloride (Anhydrous). 


It is usually stated that this salt is uncrystallisable, and it was, 
therefore, thought that it would be of interest to examine it in the 
anhydrous state, because its rotation could then be compared with 
that of its aqueous solution, and thus the influence of water on the 
rotation of this salt found. 

The following method was found most convenient for its prepara- 
tion. 

Dry hydrogen chloride was passed over a weighed quantity of 
colourless dimethylaniline in a small weighed flask, the temperature 
not being allowed to rise above that required to keep the product in 
a somewhat thick, oily condition; if the acid be passed through the 
dimethylaniline, it becomes so hot in the immediate locality of the 
delivery tube that it assumes a slightly greenish colour. When it 
was thought that the base was saturated, the flask and contents were 
weighed, and if it was found that enough gas had not been passed, the 
operation was continued a little longer, the product being warmed to 
render it fluid, but if too much had been absorbed, the requisite 
quantity of base was added to correct this, and well mixed by warm- 
ing the product. In this manner the salt can be obtained nearly 
pure, its composition being finally determined by analysis. If a 
little excess of gas be allowed to remain in the salt, this can be 
allowed for in the calculation of the rotations. 

Dimethylaniline, prepared in this way, is a transparent, pale 
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yellow substance, becoming nearly hard on cooling. After a time, 
however, it solidifies to a beautifully crystalline mass. It is very 
deliquescent. 

The determination of the density of this anhydrous hydrochloride 
presented some difficulty on account of its being nearly solid when 
cold, and before it crystallised. The following method, however, 
was successful, and it is given here as it may be useful to others. 


Fie. 21. 


sae 


A (U-shaped density tube, represented in Fig. 21, and holding 
about 8°5 c.c., was employed; it was weighed, and its capacity deter- 
mined very carefully by filling it perfectly with water at a known 
temperature, and again weighing it. The hydrochloride was then 
melted and drawn ints the tube until it was quite full. Two small 
funnel-shaped tubes, previously filled with the hydrochloride, were 
then attached to the capillary ends of this density tube so that as 
contraction took place during cooling, fresh quantities of the product 
would be drawn in. (When putting on these funnel-shaped tubes, 
care should be taken to avoid air bubbles, and the hydrochloride 
ought to be exuding from the ends of the connectors; if contrac- 

4m 2 
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tion has already occurred in the density tube, it should be warmed 
until it begins to overflow before these little tubes are attached.) 
The apparatus is then carefully wiped or cleansed from any hydro- 
chloride that may be on it, and suspended in a beaker and allowed to 
cool in a room two or three degrees warmer than the balance room, a 
delicate thermometer being placed close against it. After standing 
until the thermometer indicates a constant temperature, which is 
then noted, the funnel-shaped ends are rapidly removed, and any 
excess of the hydrochloride on the ends of the capillary quickly 
wiped off, and the beaker containing the density tube at once 
removed to the cooler balance room, where slight contraction will 
take place, and the salt recede from the capillary ends. The weighing 
can then be made. 

For temperatures of ten or twelve degrees above the atmospheric, 
the tube is again provided with the funnel-shaped ends full of hydro- 
chloride, the precautions above given being observed so as to avoid 
air bubbles ; it is then placed in water of the requisite temperature, 
and after being in this for some time (the change of temperature is 
slow owing to the viscid nature of the substance), the small tubes are 
removed, and any excess wiped from the capillaries. It is then 
removed from the water bath, carefully dried as soon as a little 
contraction has taken place, and, after cooling, weighed. 

Two specimens were examined, one having the composition 


C,H, N,HCl + 0°066HCIl, 


the other being free from excess of acid. Their rotations were fairly 
concordant. ‘The following is an average of their composition, densi- 
ties, and rotations. 


Composition, CSH,NHCl + 0°033HCI. 
Relative density: d 15° = 1:1190. d 25° = 1:1154. 


Magnetic rotation : 
t. Sp. rotation. Mol. rotation. 
16°7° 2°3363 18°399 
Less 0°033HCl1 (dry) .. 0°073 


Dimethylaniline hydrochloride 18°326 


Dimethylaniline Hydrochloride in Aqueous Solution. 


These solutions were prepared in a similar manner to the aniline 


hydrochloride. 
Sol. I.—This had the composition CsHyuN,HCl + 0-069HCl + 
6°174H,0, and contained 58°085 per cent. of hydrochloride. 


Relative deusity of the solution : 
d 15° = 1:0789. d 20°. = 1:0772. 
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Magnetic rotation twice determined : 
. Sp. rotation. Mol. rotation. 
138° 1°7255 24084 
Less excess of HC] (dil.) 0°304 
23°780 
Less water 6174 
17°606 
Sol. I[.—This had the composition C,H,,N,HCl + 0°069HCI + 
21:238H,0, and contained 29-04 per cent. of hydrochloride. 
Relative density of the solution : 
d 15° = 1:0395. d 20° = 1:0385. 
t. Sp. rotation. Mol. rotation. 
148° 1°3419 38°893 
Less excess of HCl....  0°304 


38°589 
Less water 21°238 
17°351 
The following are the results from these three determinations. 
100 per cent. = 18°326; 58°085 per cent. = 17°606; 29°04 per cent. 
= 17°351. 
If they are plotted out it is found that they form a slightly curved 
line, the curvature diminishing as the dilution increases. 


185. Hydrochlorides of Para- and Ortho-dimethyltoludines. 


These solutions were prepared in exactly the same proportions, an 
excess of acid being used. They had the composition C,H,;,N,HCI + 
0'5HC] + 417H,0, and contained 69°5 per cent. of C,H,;N,HCI. 


Para-salt. 
Relative density of the solution : 
d 15° = 1:0889. d 25° = 1:0859. 


Magnetic rotation twice determined : 


t. Sp. rotation. Mol. wtation, 
18° 18371 24°841 
Less excess of HCl (dil.) 2°206 


Less water 


18°465 
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Ortho-derivative. 
Relative density of the solution: 
d 15° = 1:1085. d 25° 
Magnetic rotation twice determined : 
t. Sp. rotation. Mol. rotation. 
17° 1°8888 25°081 
Less excess of HCl (dil.).. 2°204 


22°877 
ee ee ee ore 4170 


18°707 
The difference of rotation of these salts is 0°240. 


186. Hydrochlorides of Phenylenediamines. 


The composition of these salts, obtained from Kahlbaum, was 
determined by gravimetric chlorine determinations, and gave 
Found. Calculated. 
Hydrochloride of ortho-phenylenediamine.. 40°304 40°33 
. para-phenylenediamine ., 40°22 40°33 
mn meta-phenylenediamine.. 40°26 40°33 


They were examined in aqueous solution, but owing to the readi- 
ness with which they became coloured by oxidation if prepared under 
ordinary conditions, it was found impossible to get sufficient light to 
pass through them to determine their rotations; on this account it 
was necessary to make the solutions, filter them, and fill the measur- 
ing tubes in an atmosphere of carbonic anhydride. This was done 
by conducting all the operations in a rather deep metal vessel, open 
at the top, and filled with this gas, and in this manner solu- 
tions could be obtained, which were only a little coloured, but it 
was necessary to measure them directly they were made. It was 
found by direct experiment that the small amount of carbonic anhy- 
dride dissolved in these solutions had no perceptible influence on the 
rotation. 

The meta-salt dissolves most freely in water; from a rough deter- 
mination iat was found that about a 30 percent. solution was the 
strongest that could be made at ordinary temperature. In the case 
of the ortho-compound, about a 23 per cent. solution could be formed, 
but with the para- only a 17 per cent. 

It was found best to employ solutions not quite so strong as the 
above, so that they might be rapidly prepared. 

Ortho-salt.—This solution had the composition of C,;H,N,,2HC! 
+ 45 mol. H,O, and contained 18°264 per cent. of salt. 
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Relative density of the solution: 
ad 15° = 1:0646. 25° = 1:0630. 


Magnetic rotation three times determined : 


t. Sp. rotation. Mol. rotation. 
15° 1°2826 66°329 
Less water .... 45°000 


21-329 
Para-szit—This solution had the composition C,;H,N.,2HCl + 
65H,O, and contained 13°397 per cent. of salt. 


Relative density of the solution : 
d 15° = 1:0454. d = 25° = 1:0447. 


Magnetic rotation three times determined : 


t. Sp. rotation. Mol. rotation. 
15° 1:1869 85'213 
Less water .... 65°000 


20°213 
Meta-salt.—This solution had the composition C,H,N,,2HCl + 
40H,O, and contained 20°08 per cent. of salt. 


Relative density of the solution : 
d 15° = 1:0687. d 25° = 1:0672. 


Magnetic rotation three times determined : 


; Sp. rotation. Mol. rotation. 
15° 1°2884. 60°345 
Less water .... 40°000 


20°345 

Mol. rotation of ortho-salt.... 21°329 
~ para-salt.... 20°213 

” meta-salt.... 20°345 


As the rotations of para-compounds are usually a trifle higher 
than those of the corresponding meta-derivatives, it may be that the 
para-rotation is a little low. This would not be surprising, as the 
solution examined contained only 13°397 per cent., and the molecular 
weight of these hydrochlorides is high, so that in this case a small 
error would have a considerable influence. Its rotation may also be 
a little lower from dilution. 


} _1-116 
1 +0:132 
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UNSATURATED COMPOUNDS. 


187. Cinnamene, CsH, = C,.H;°C H:CH,. 


The process described by Fittig and Binder (Annalen, 1879, 195, 
137) for the preparation of this hydrocarbon was employed, namely, 
the decomposition of hydrobromocinnamic acid with an alkali. As 
cinnamene polymerises so easily when heated, it was purified by 
steam distillation, and then dried over potassium carbonate. Several 
preparations were made, and they al] had practically the same den- 
sity; they were kept in the dark, and examined within two or three 
days of their preparation. 


Relative density : 
d 4° = 0:9329. d 10° = 0°9274. d 20° = 0°9201. 
d5 = 0°9319. d15 = 0:9234. d25 = 09167. 


188. Allylbenzene, C;Hiy = CsH;*CH:CH°CH3. 


This was prepared in an analogous manner to cinnamene, but it 
may be useful to add that it is necessary to employ the hydrobromic 
acid in as concentrated a solution as possible, otherwise the phenyl- 
crotonic acid is only partially changed into hydrobromophenylcrotonic 


acid, and the yield of hydrocarbon obtained when it is treated with 
alkali is unsatisfactory. The allylbenzene was steam distilled, and 
dried with potassium carbonate before examination; when dry, it 
boiled at 176—177° (corr.). The boiling point previously given for 
this hydrocarbon, namely, 174—175° (Chem. Soc. J., 1877, 381), was 
uncorrected. 


Relative density : 
d 4° = 0°9230. d 10° = 0°9181. d 20° = 09109. 
d5 = 0°9222. d15 = 09143. d25 = 09076. 


189. Isobutenylbenzene, CyHy = CsHs;CH:C(CHs)>. 


This was prepared by the process described by me some years 
ago (Chem. Soc. J., 1879, 35, 138), namely, by heating together 
benzaldehyde, isobutyric anhydride, and sodium isobutyrate. When 
distilled from sodium, it boiled at 187°3—188-3° (corr.). The boiling 
point previously given for this hydrocarbon (184—186°) was un- 
corrected. 

Relative density : 

d 4° = 0°9163. d 10° = 09116. d 20° = 0°9047. 
di = 09154. d15 = 0°9081. d25 = 09014. 
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190. Stilbene, C,s,Hy, = C,H;;CH:CH:C,Hs. 


As this substance in the pure state melts at a temperature too 
high for its examination (124°), it was necessary to employ it in 
solution, using a solvent having a somewhat similar specific rota- 
tion; this was difficult to find, as stilbene is not readily soluble in 
ordinary solvents. The one selected was diphenylmethane; a mix- 
ture of the composition C,H, + 3C,;H», and containing 26°315 per 
cent. of stilbene, being used. To keep this in the liquid state, 
however, it was necessary to heat it to a temperature near to 70°. 

Relative density of the mixture : 

d 70° = 0°9982. d 80° = 0:9963. 


Magnetic rotation three times determined : 


t. Sp. rotation. Mol. rotation. 
69°6° 2°7113 103°163 
Less C,;Hi. x 8 at 69°6° = 23°499 x 3. ° 70°497 


Stilbene at 69°6°.. 32°666 
Estimated temp. diff. for 54°6 .. 0°477 


Stilbene at 15°0 .. 33°143 


As the specific rotation of stilbene is somewhat higher than that 
of diphenylmethane, the latter will probably have pulled it down 
slightly, making this number a trifle low. 

The temperature difference of unsaturated compounds is larger 
than that of saturated compounds; thus, taking two comparable 
compounds: ethylic hydrocinnamate gave 0°436, and ethylic cinnamate 
0607. If the ratio be applied to diphenylmethane, the nearest com- 
pound to stilbene for which a temperature difference has been de- 
termined, it will give for stilbene 0°874 for 100°. This is the 
estimate employed above. 


191. Phenyl Allyl Oxide, CsH;O = C.-H;-O-C;Hs. 


This was prepared from phenol by acting on it with sodium ethoxide 
dissolved in alcohol, and allylic iodide, the mixture being heated in 
the water bath for four or five hours. The crude product was washed 
with dilute potash and dried; when distilled, it mostly came over 
between 190° and 200°, some product of high boiling point being 
left. The distillate was slightly coloured with iodine, but this was 
removed by boiling it with a very small quantity of potash; it 
was then fractionated several times when most of it was obtained 
boiling between 191°5° and 192°0°. It is a colourless oil having an 
alliaceous odour. When boiled with sodium, the metal gradually 
dissolves and forms a pasty mass. 
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Relative density : 

d 10° = 0°9890. d 45° 09663. d 80° = 0°9510. 
d15 = 0°9856. d 50 0°9638. ad85 = 0°9493. 
d20 = 09813. d 55 ; ad90 = 0°9476. 
d 25 = 0:9777. d 60 ‘ : ad95 = 0:9460. 
d30 = 09744. d 65 ' ‘ a@100 = 0:94.46. 
d35 = 09716. d 70 

d40 = 09689. a7 = 


192. Paratolyl Allyl Oxide, C,.H,,0 => CH;°C,H,0-C;H;. 


This was prepared from paracresol, sodium ethoxide dissolved in 
alcohol, and allylic iodide. Its boiling point is 212°5—216°5°. 


Relative density : 
d 4° = 09817. d 10° = 09768. d 20° = 0°9693. 
d5 = 0°9809. d15 = 09728. d 25 = 0:9662. 


193. Anethole, C,,H:,0 => C,H,°C,H,O-CH;. 


Oilof anise was well cooled, and the crystallised anethole separated 
and strongly pressed between calico; it was then crystallised, once 
from 75 per cent., and then twice from 90 per cent. alcohol. The 
product was beautifully white, but had a slightly violet or blue 


fluorescence; it was twice fractionated, and the portion boiling 
between 235°2° and 235°5° collected separately (the residue did not 
all come over under 290°). As this appeared to contain a trace of oil 
it was further purified by crystallisation from alcohol. 
Relative density : 
d 15° = 09936. d 20° = 0:9905. d 25° = 0 9875. 


194. Allylic Benzoate, C,>H,,0, => C,H;0.°C;H;,. 


This was produced by the action of benzoic chloride on allylic 
alcohol. The reaction does not set in in the cold, but on heating in 
the water bath hydrogen chloride is evolved from the mixture in 
abundance ; to complete the reaction, however, a higher temperature 
may be afterwards employed. The product mixed with ether was 
washed with water and sodium carbonate solution, dried, and dis- 
tilled; it came over between 229° and 234°, leaving about 25 per 
cent. of higher and, apparently, polymerised product, which became 
very thick on cooling. On redistilling tbe first portion, the allylic 
benzoate was obtained boiling at 229—230°5° (corr.). As it contained 
a small amount of chlorine it was heated with zinc dust and refrac- 
tionated ; it then boiled constantly at 230° (corr.), and was almost 
entirely free from chlorine. 
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Relative density : 
d 4° = 1:0671. d 10° = 1:0617. d 20° = 1°0541. 
add = 1:0661. a@15 = 1:0578. d 25 = 1:0511. 


195. Isoeugenol, CyH,O, = CH,-CH:CH:C,H;(OH)-0-CH;. 


For the specimen examined, I am indebted to Professor Tiemann. 
It boiled at 193—194° under a pressure of 100 mm. A portion, 
distilled under a pressure of 760 mm., boiled at 266°5—268°5° (corr.), 
about one-eighth of the product polymerising. This is about 14° 
higher than ordinary eugenol (253—254°, corr.). The specimen of 
isoeugenol examined solidified when cooled with ice and salt, but it 
did not have a well defined, solidifying point, becoming liquid at 
from 9°5° to 14°. 

Relative density : 


d 4° = 1:0994. d 10° = 1:0944. d 20° = 1:0872. 


di = 1:0985. d15 = 1:0907. d 25 = 1:0839. 


196. Eugenol, C,oH,,0. — CH,:CH:CH,°C,H;(OH)-O-CH;. 


When the specimen, obtained from Kahlbaum, was fractionated, 
the first portions came over with a little water, but the temperature 
soon rose to 254°, at which most of it distilled, leaving a residue of 
high boiling point, apparently a polymerised body. On re-distilla- 
tion it was obtained as a colourless oil boiling at 253—254° (corr.). 


Relative density : 
d 4° = 1:0785. d 10° 
di = 10776. d 15 


1:0734. d 20° = 1:0663. 
1:0696. d 25 = 1:0633. 


197. Cinnamaldekyde, C,H,0 = C,H,;CH:CH°COH. 


This was separated from oil of cassia by treating with hydrogen 
potassium sulphite, strongly pressing the crystalline compound 
between calico, washing it well with alcohol, again pressing and 
drying. The product was then decomposed with dilute sulphuric 
acid, the mixture being gently heated, and the cinnamaldehyde 
taken up with ether. The ethereal solution was then washed with 
a little dilute potash, dried with calcium chloride, and distilled. It 
boiled at 209°5—211-5° (corr.) under a pressure of 250 mm., most of 
it coming over at 209°5°. It was a colourless oil, and yielded ordinary 
cinnamic acid when oxidised by exposure to the air. 


Relative density : 
d 4° = 1:1202. d 10° = 1:1159. d 20° = 1°1102. 
d5 = 11194. adl5 = 1:1129. d 25 1/1076. 
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198. Ethylic Cinnamate, C,,H,,0, = C.H;;CH:CH-COO-C,H;. 

Obtained from the Badische Anilin und Soda Fabrik. This was 
purified by freezing and pressing very strongly between calico. It 
distilled at 195°5° under a pressure of 103 mm., and had a relative 
density d 15° = 1:0546. This substance at times becomes opal- 
escent on keeping, apparently owing to polymerisation. 

A second specimen of ethylic cinnamate was prepared from cinnamic 
acid, and purified by crystallisation by cold and pressing out any 
impurities between calico. This boiled at 226° (corr.) under a pres- 
sure of 250 mm., and had a relative density of 10556 at 15° before 
distillation, and 1°0552 after distillation. This is slightly higher 
than the above. The following are the density determinations made 
with the first specimen. 

Relative density : 

d 10° = 1°0584. d 55° = 1:0349. d 85° = 1:0253. 
d15 = 1:0546. d 60 10329. d90 = 1:0243. 
d 20 10512. d 65 10311. d95 = 1:0235. 
d 25 1-0480, d 70 1:0294. d100 = 1°0230. 
d 45 1:0387. d 75 1:0279. 
d 50 1:0368. d 80 1:0266. 


199. a-Methylic Orthomethoayphenylacrylate. 
Prepared from coumarin (Trans., 1877, 31, 418). This boiled at 
246°5—247°5° (corr.) under a pressure of 250 mm., and at 301—302° 
under a pressure of 760 mm. 


Relative density : 
d 4° = 1:1494. d 10° = 1:1444. a‘20° = 1°1372. 
dd5 = 1:1485. adl5 = 1:1406. a25 = 11343. 


200. B-Methylic Orthomethoxyphenylacrylate. 

This was prepared by boiling the a-ether with a very small 
quantity of iodine. When saponified, it was found to yield the A-acid 
with only a trace of the a-acid. It boiled at 304—305° (corr.). 

Relative density : 

d 4° = 1:1522. d 10° = 111472. d 20° = 11395. 
d@5 = 115138. d15 = 1:1432. d25 = 11871. 


201. Cinnamie Alcohol, C,H,O = C,H,;;CH:CH°CH,’OH. 


The crystallised cinnamic alcohol, obtained from Kahlbaum, was 
kept pressed between porous plates until free from the small quantity 
of oily product it contained. It was then distilled, and came over at 
257°5° (corr.), leaving a small quantity of a substance of higher 
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boiling point in the retort. On a second distillation, it had the same 
boiling point, and was obtained as a colourless oil, which soon solidi- 
fied to a hard crystalline mass. 
Relative density : 

d 35° = 1:0397. d 60° = 1:0318. d 85° 1:0266. 

d 40 = 1°0380. d 65 = 1:0305. d 90 1:0261. 

d 45 1:0364. ad 70 = 1:0294. a95 = 1:0%59. 

d 50 1:0348. ad75 = 1:0283. d@100 = 1:0258. 

d 55 1:0333. d80 = 1:0273. 


202. Benzylidene-acetone, CHO = C.H;;CH:CH:CO-CH;. 


Relative density : 
d 15° = 1:0377. d 45° 
d20 = 1:0347. d 50 
d 25 = 1:0320. d 55 
d30 = 1:0295. d 60 
d 35 = 1:0272. d 65 
d40 = 10251. d 70 


1-0232. d 75° = 1:0135. 
10213. d80 = 1°0122. 
1:0196. d85 = 10113. 
1:0179. d90 = 1:0106. 
1:0163. d 95 10103. 
10148. d100 1:0102. 


II 


REFRACTION DETERMINATIONS. 


For the measurements of the substances marked (G) I am indebted 
o Dr. Gladstone, they were made with the same specimens as those 
used for the magnetic rotations. 


7. BA. BD. 
Benzene,.from benzoic 18°5 1°4927 1°5027 
acid (G) 
Metaxylene (G@) .... 22°5 1°4876 
Paraxylene (G)...... 23°7 1°4854 
Orthoxylene (G)..... 24°1 1°4928 
Isobutenylbenzene (G@) 21°0 1°5269 1:°5390 


Hydrindene. 

I. Hydrindene (from coal tar). Distilled three times from 
sodium, from Kramer and Spilker: density, d 10°6°/4° = 0°95980. 
II. Hydrindene (synthetically prepared): density, 16°4°/4° = 
0°96250. 

4 10°6°. ‘. nae. ag 
152908 055123 65°046 — 
153431 055669 65°689 3°348 
153896 0°56153 66-261 — 
155105 057412 = 67°747 — 
1°56154 058506 69°037 — 
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a-1 a-t, Dispersion 

» 16°4°, d d <i. 
Hydrindene II, A 152889 0°54950  64°850 
- . 153394 055474 65°460 
" 153877 0°55977 + 66°053 
155114 057261 67°578 
1561386 0°58323 68°829 


Indene. 


I. From coal-tar; distilled from sodium three times, from Kramer 
and Spilker: density, d 12°7°/4° = 1:01995. II. Synthetically pre- 
pared: density, d 8°2°/4° = 1:00227. 

g=*. 
d 
0°54726 
156454  0°55349 
157107 0°55990 
0°57594 
0°59042 


0°56551 

0°57224 66°380 
157980 057849 67:104 
159693 0°59557 69°086 
161219 061080 70°853 


Diphenylmethane, Triphenylmethane, and Diphenyl. 


These three hydrocarbons were examined at the same temperature 
so that the numbers might be comparable, and as triphenylmethane 
melts at 92°, it was necessary that it should be above this. The 
temperature used was 99°. Diphenylmethane: density, d 99°/4° = 
094402. Triphenylmethane : density, d 99°/4° = 1:01405. Dipheny]: 
density, d 99°/4° = 097165. 


w—-1 on 3 D. Dispersion 


2 990°. yc @ - 
153474 0°56644 95°162 
a 155390 0°58674 98°572 
" 156615 059972 100°753 
.... 157776 0°56975 139-019 
. 159965 0591384 144286 
ws ..-. 161364 0°60513 147-651 
Diphenyl, 156841 058499  90:088 
* 159441 O61175 94209 
a 161158 062942 96°931 
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Oxides. 


: BA. aE. 
Methyl paratolyl oxide (G).. 8°9 1°5092 1°5314 
Methyl metatolyl oxide (G).. *B 1°5074 1:°5293 
Methyl orthotolyl oxide (@). 15°4 1°5107 1°5329 
Dimethylresorcinol (G) ..... 1°5149 1°5367 
Methylguaiacol. Veratrole(G) 10°9 1°5268 1°5503 1° 


a-Naphthyl Ethyl Oxide. 
Density, 32°3°/4° = 1:04910. 32°8°/4° = 1:04883. 
w— 1 = 4. Dispersion 
t. Me d d H,—H.. 
32°8° 157922 0°55225 94°987 a 
32:3 158787 0°56036 96°382 7°922 
32°8 159509 0°56738 97-590 a 
32°3 1°61645 0°58760 101°067 -— 
32°3 163619 0°60642 104-304 ~- 


B-Naphthyl Ethyl Oxide. 
Density, 35°6°/4° = 1:05013. 36°/4° = 1:04$88. 


wpo-l #—1,, Dispersion 


t ad d H,—H.. 


: Be 

inne OO 158191 0°55413 95°311 — 
36°0 159012 0°56208 96°678 7°779 
35°6 159752 0°56899 97°867 — 
36°0 161834 0°58896 101°301 -— 
360 1:63760 0°60731 104°457 -- 


Ethereal Salts. 
pani, 
T. pA, ra wH. ad *~ Rn—Ry. 
Ethylic anisate (G)........ 9°O 1°5187 1°5488 1°5707 83°79 8°40 


Ethylic methylsalicylate (G@) 16°2 1°5145 1°5374 1°5620 83-04 7°67 


Ethylic «- and B-Naphthoates. 


These two compounds were examined at temperatures above the 
fusing point of the f-salt, for the purposes of comparison. Ethylic 
a-naphthoate: density, d 57°5°/4° = 109194. Ethylic 8-naphthoate : 
density, d 57°/4° = 1:08582. 

-1 -1 

, fe a ’ : ha 
Ethylic a-naphthoate, Ha.... 1°56894 0°52103 104°2U6 
“ ~ D.... 1:57648 0°52789 105°578 
1:59664 0°54640 109-280 

161573 0°56388 112°776 
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w—l 
M. ad 
Ethylic B-naphthoate, H..... 1°57316 0:52790 105°580 
D .... 1:58069 0°53479 106958 
He...- 1°60142 0'55388 110°776 


” 99 


” 29 


Phenylazoimide. \ 
The following is the average of two sets of measurements: density, 
10°8°/4° = 1:09672. 
= 1 2 = 1). Dispersion 
uw 10°8°. d d He—A. 
154764 049934 59°421 
155457 0°50566 60°173 
156104 0°51156 60°875 
157851 0°52749 62°771 


Bases. 


pA. uF. a "  Ru—Ra. 
Dimethylaniline (G), 
£ OF 0. cvcecess 15514 15834 1:6198 68°96 8°55 
These agree very closely with my results (Trans., 1892, 61, 302). 
va 1, 
BA. pF. pH. d ° Ry—Ra,. 


Methyldiphenylamine 
15998 16391 1°6774 10488 13°56 


Benzylaniline (G), ¢. 
26°3° 15967 1:6297 1:6660 102°93 11°95 
The measurements of aniline and of a-naphthylamine will be found 
in this Journal (Trans., 1892, 61, 301 and 303), and also those of 
ortho- and para-toluidine (Trans., 1896, 69, 4). 


Metaphenylenediamine. 

The following numbers are the average of two closely concordant 
sets of measurements, that for the Li line, however, is a single result. 

Density, 57°7°/4° = 1°10696. 

ees. 

Bb. d 
161690 0°55729 
1°62449 0°56369 
162558 0°56513 
1:63390 0°57264 
1-65600 0°59261 
1°67617 0°60183 


or 
VII WOa5 
fe) 


Or Or or Or or 
ma NT 69 89 oe 7" 
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Dimethylortho- and Dimethylpara-tolurdines. 

The following are calculated for Gladstone’s formula from Brihl’s 
results. (Zeit. physikal. Chem., 1895, 16, 2, 224.) Dimethylortho- 
toluidine: density, d 23:3°/4° = 0°9250. Dimethylparatoluidine : 
density, d 20°2°/4° = 0°9366. 


eo = i M -1,. Dispersion 
p 23°3°. d d H,—H.. 


} Ae D45 


Dimethylorthotoluidine, Ha. 151932 0°56142 75-972 
4 Hy. 1:54841 0°59287 80-037 

pe 20°2°, 
Dimethylparatoluidine, Ha. 1°54061 057720 77°922 5-366 
7 Hy . 157784 061695 83-28e | — 


B-Naphthylamine. 


As in the case of the magnetic rotation of this substance, it was 
fused with its own weight of a-naphthylamine for examination. Two 
sets of measurements were made and gave very concordant results. 


Density, d 98°/4° = 1:0614. 
w—-l 

pw 98°. d ad p. 
162746 0°59116 169°072 
163886 0°60190 172°143 
1°64927 0°61207 175°286 
167960 0°64028 183°120 
1:70198 066132 189°137 


On subtracting the molecular refraction of «-naphthylamine at 98° 
from these numbers that of the 8-compound will be obtained, thus: 


Mixture. a-Naphthylamine. B-Naphthylamine. Diff. 

169°972 84018 85054 1/036 

172°143 85°473 86°670 1197 

174949 86'890 §8:059 1169 

183°120 90°928 92°192 1:264 
Dispersion, Hs—A = 7°138. 


This is rather higher than that of «-naphthylamine at 95°, which 
for the same lines gives 6°910. 


Dimethyl-a-Naphthylamine. 

‘This substance being liquid under ordinary circumstances, was 
first examined at the temperature of the atmosphere, and then at 
about the same temperature as that used for the 8-compound. The 
measurement of the line A was made twice for each temperature and 
on different occasions. That of the lithium line was also made twice 
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for the lower, but only once at the higher temperature, whilst for all 
the other lines three different sets of measurements were made. The 
numbers agreed very closely amongst themselves. The following are 
the averages of the results. Densities, d 10°1°/4°, 1:04755 ; d 10°8°/4°, 
104694; d 11°8°/4°, 1:04623. 
w—l wp—-1 Disp. 
t. H a: #e * S-t. 
10°1° 1°60916 0°58151 99°435 
161594 0°58872 100°671 
1°61787 059016 100°917 
162609 0°59842 102°329 
1°65158 0°62237 106°425 
167629 0°64597 110°461 


158951 058009 99-188 
159509 0°58737 100°440 
159780 058854 100°640 9528 
1:60659 0°59719 102-119 
163059 0°62082 106-160 
165440 0°64426 110°168 


Temperature Differences. 


Temp. diff. Temp. diff. 
I II. for 408°. for 100°. 


99°438 99°188 0°250 0 612 
100°671 100°440 0°231* 0°532 
100°917 100°641 0°276 0°676 
102°329 1027119 0°527 
106°425 106°160 ‘ 0649 
110°461 110°168 "29% 0°718 


Average 


From these numbers it will be found that the dispersion of 
dimethyl-a-naphthylamine is about the same as that of a-naphthyl- 
amine, the latter giving for Hs—A 7°010 (Trans., 1892, 61, 303), 
whilst the above gives for the same comparison 6987. The tempera- 
ture differences, however, are larger, averaging 0°619 for 100°, 
whereas those of a-naphthylamine average only 0°461. 


Dimethyl-B-Naphthylamine. 


The following results are averages of three sets of closely con- 
cordant measurements, for ail except the A and lithium lines. 


* In these cases the differences were 43° and 39°8° respectively. 


ESPECIALLY OF AROMATIC COMPOUNDS. 1235 


These were only measured on one occasion. The Hy, was rather 
difficult to read. 
-1 u—l 
h. 4 d a 
1°62007 060429 103°333 
1°62964 0°61361 104-927 
163291 0 61545 105°241 
1°64432 0°62650 107°131 
167682 0°65810 112°535 
1:71289 069318 118 533 


The dispersion is enormous, being for H,—Ha. 13°292, or for 
Hs—A 9°202; this is much greater than that of a-naphthylamine, 
which is only 7:010 for the latter lines. 


Hydrochlorides. 
I. Surfused Anhydrous Hydrochloride of Dimethylaniline. 


Average of two sets of measurements. Density, 18°5°/4° = 1:1156. 


p-1 e— 4, Dispersion 

Line. 2 18°5°. d d H,—H.. 
eas 0°49870 78°545 
1°56140 0°50322 79°257 
156619 0°50752 79°934 
1°57829 051837 81°643 


1°58910 052805 83°167 
II. Solution of Hydrochloride of Dimethylaniline. 
Composition C,H,,N,HCl + 6:1740H;. 


With this, the following results were obtained for —- p. 


Dispersion of salt 
H He. Hi, in solution H,—H.. 


77-688  80°222 _—-8 1-980 4-299 


Aniline Hydrochloride. 


This could be only examined in solution. That used had the 


composition C,H,N,HCI + 9°7220H,. It gave for “ 7 : p: 


Dispersion 
H.. D. He H,. H,—H.. 
63°457 63°932 65°700 66°141 2°684. 


4n2 
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TABLES OF THE Speciric AND MoLecuLaR Rorations AND TEMPERATURE 
DIFFERENCES OF SUBSTANCES MENTIONED IN THIS Paper. 


The following tables contain the molecular rotations and tempera- 
ture differences of all the compounds mentioned, and also most of the 
specific rotations, but in cases where the substance examined was 
dissolved in a solvent, the specific rotation actually determined being 
that of the solution, the result is not given; in place of it, there is 
a reference to the page where the specific rotation in question will be 
found, as well as the details of the calculations by which the mole- 
cular rotation was estimated. 

Many of the rotations at low temperatures incorporated in these 
tables have been already published. 


Farry Compounps. 


, Temperature 
T. | Specific Molecular Pr for 100° 
| rotation. | rotation. | on taal; a6. 
‘ | | 
1. Heptane ............+.++.| 15°0°| 0°9500 | 7-666 
4 ery een | 86°2 | 0°8674[3]*| 7°461 0°288 or 3°763 p.c. 
2. Acetic acid ....00c0ccee cee | 21:0 | 0°7976 2 °525 
td) Mealbhenens cane 86-0 | 0°7527 [2]| 2°493 
a » corrected to..... 15°0 | 0°8016 2°528  0°049 or 3°947 p.c. 
3. Propionic acid....+eee..e0+ 20°3 | 0°8369 3°462 | 
. pagts 91°0 | 6°7928,2}| 3-438 | 
= corrected to| 15 0 | 0°8412 3°464 | 0°034 or 0°981 p. ¢. 
4, (Enanthylic acid ..........| 14°5 | 0°9652 7°554 | 
mi a | 91-4 | 0-9192[3}| 7°465 | 
corrected to | 15°0 | 0°9649 7°554 | 0°113 or 1°497 p.c. 
5. E thylic cenanthate......... | 15:0 | 0:9480 9 542 
veeeeeee| 92°1 | 0°8917[21| 9°413 | 0°167 or 1°748 p. c. 
6. Chloracetic acidt . aren 14°4 -— 3°884 | 
: Sag Si aE | 64°5 | 1°0302:1)| 3°868 
” corrected to| 15-0 | — 3°882 | 0032 or 0'824 p. ¢. 
 & Dichloracetic “ee 135 | 1°1628 5°299 | 
“ < | 90°7 | 1°1102[3}| 5°247 | 
3) corrected to| 15-0 | 1 1615 5300 | 0:067 or 1:271 p.c. 
8. Trichloracetic penagee cooe| 143 | — 6°473 
: | 60°6 | 1°1523,2)| 6-422 
*) correc stedto}15-0/ — 6°473 0°110 or 1°700 p.c. 
9. Dipropyl ketone. ..........| 14°8 | 0°9686 7 ‘471 
es spies -| 90°0 | 0°9041 (2) | 7 °387 
corrected to| 15:0 | 0°9683 7°471 = 0°178 or 2°387 p. ¢. 
10. Ethylic acetoacetate ....... | 16°3 | 0°9278 6 501 
” ” oe 91°0 | 0°8785 (J 6°448 | 
is ‘“ corrected to | 15:0 | 0°9289 6°502 = 0°07i or 1°093 p. «. 


* The small figures in brackets give the number of times the rotation of the 
compound was determined at the given temperature. 
+ Determined in aqueous solution. 
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| 
: . Temperature 
‘ | 7. Gpesific | Mok cular | difference for 100° 
| rotation. | retation. on mol. set. 
| | | 
> 11. Dimethylacetylacetone..... 19°3 | 09442 | 7-042 | 
” veese| 92°3 | 0°9030(1) | 6-995 | 
corrected to | 15°0 | 0°9475 7°045 | 0°064 or 0°909 p. c. 
| p- 
4 12. Hydracetylacetone . covceeee| 14°9 | 10362 5°871 | 
g “ seoveeees| 95°1 | 0°9784(1]| 5°831 | 
corrected to 15°0 | 1°0861 5°871 | 0°050 or 0°852 p. c. 
I 
e 13. Ethy lene dichloride........| 1474 | 1°2569 | 5-481 
\. ‘ yo eeeceeeee| 62°5 | 1°1951[1]| 5°43 
5, corrected te 15°0 | 1°2564 | 5°484 | 0°114 or 2°078 p.c. 
| P 
14. Octylic chloride..........., 8°4 | 10879 | 10-155 | 
e ” 9» teeeeeeeeceee| 90°6 | 1°0170[3]) 9 952 | 
» corrected to..) 15°0 | 1°0802 | 10°139 | 0'250 or 2°465 p. c. 
15. Propylic bromide .; <..¢<00 10°7 | 1°3811[3]| 6°889 | 
hs ~~ pane w+] 655 1 2899 [2}| 6°74 | 
» corrected to..| 15°0 | 1°37383 =| 6°880 | 0210 or 3°050 p. c. 
» 16. Octylic bromide...........| 13°0 | 1°2543 | 12-031 
” 9) seeeeeeeseeee| O21 | 1°1814/2]| 11°803 | 
: » _ corrected to..| 15°0 | 1°2517 = | 12-025 | 0'288 or 2°397 p.c. 
a. Ethylic iodide. ......+++.--| 11°O | 22808 [4] | 10°098 | 
se oneiieceuuale | 64°3 | 2°1333(2]| 9-888 | 
- ” corrected to . 15 °O | 2°2675 10 082 | 0'°394 or 3°905 p. c. 
18. Octylic iodide . soe os 4 16°5 | 1°6259 | 16°175 | 
9 tea eee eves sees | BLO | 1°5462 [2] | 15-864 | 
corrected to | 15-0 | 1°6282 | 16°182 | 0°474 or 2°929 p. c. 
19, Methylene diiodide ........ | 12°2 | 4°1892 [3] | 18°677 | 
. ) eeseseees.| 55° | 40257 [1]| 18-325 | 08194 
9” e ese cecece ics 0 | 3°9114 (1) | 17°949 | 0'9122 
_ corrected to! 15°0 | 4°1731 18 °644 |+0°8638 or 4°622 p. c. 
20. Pyrotartaric anhydride .....| 11°6 ; 0°9338 4°762 | 
re eeeee| 50°O | O'9088[1]| 4°727 | 
corrected to| 15-0 | 0°9303 4°759 | 0°091 or 1°921 p.c. 
21. Ethylic citraconate ........|£16°0 | 1°0635 10°495 | 
‘ Pe ol Gees 76°0 | 1°0167 [1] | 10°363 | 
» corrected to | 15°0 | 1°0645 10°497 | 0°220 or 2°096 p. c. 
‘ 22. Citraconic anhydride.......| 17°4 | 1°1115{2]| 5°541 | 
” ” | 65°7 | 1°0717 (13) 5°477 | 
sé corrected te | °15°0 | 1°1189 =| 5°543 | 0°182 or 2°390 p.c 


Aromatic Ethereal Salts and Phenylic Salts of Fatty Acids. 


23. Methylic benzoate......... | 11°5 | 1 8523 (1) | 12°757 | 
» corrected to| 15°0 — 12 °743 

24. Ethylic benzoate........++./ 12°9 | 1°7533 [2] | 13°862 | 

os corrected to} 15:0 | — 13 854 | 

25. Propylic benzvate.......... | 15-4 | 1-673 [4] 14°875 | 
» corrected to| 15°0 ~- 14 °873 

26. Isopropylic benzoate .......| 14°2 | 1°6705 (4) | 14-958 | 

<s corrected to! 15°0 | — 14°950 | 


* These readings were difficult on account of the product becoming coloured by 
heating. 

+ Average temperature difference. 
t Average of three specimens of ethylic citraconate prepared in different ways. 
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P Tewperature 
Specific Molecular difference for 100° 
| rotation. | rotation. 


on mol. rot. 


5 


. Butylic benzoate. . 
in conrected to| 
28. Isobutylic benzoate . ceil 
a corrected. to | 
; Octylic benzoate. . 
= corrected. to 
8 Ethylic phenylacetate .. 
sa couvected. to | 
31. Phenylacetic or a-toluic acid 
(dissolved in ethylic benzoate, | 
CH,Ph-COOH + 
2CH.Ph:COOEt) corrected to | 
2. Ethylic hydrocinnamate.. 
‘“ » corrected jo | 


| 1°6295 [2] | 15 948 
_— 15 °952 
1°6310 [2] | 16 °054 
_ 16-048 
1 -4845 [2] | 19 ‘979 
— 19°992 
1°7222 14 986 
_— 14°982 
(p. 1175) | 12°739 


° 


wdedordade 


— 12°735 
“6684 [2]| 16°165 
6697 16°169 | 
6913 15°898 | 0°410 or 2°54 p. c. 
“5913 [3] | 17-067 | 
—_ 17 ‘093 
‘0071 [2]| 14°263 
_— 14 266 
*8934 [2] | 15°362 
-- 15 *366 
9092 [3] | 17°141 
_— 17 °156 
1°9144 (4) | 17 °277 
— 17 +285 
*8383 [2] | 16 -666 
— 16 °679 
*7177 [2] | 15 -064 
*6678 [2] | 14°744 
‘5416 [2] | 16 “900 
5448 16 ‘909 
4920 [1] | 16 °713 
*4821 [2] | 16 644 
5454 2] | 16°928 


. Ethylic cuminate . 
os corrected. to 
. Methylic salicylate. . 
5 corrected to, 
: Ethylic salicylate .. ° 
corrected to 
: Ethylic methylsalicylate 
» corrected to | 
° Ethylic ANISALE .. ce ee se sees 
9 corrected to | 
38. Ethylic metamethoxy benzoate 
» corrected to | 
: Ethylic orthotoluate . 
paratoluate 
, Ethylic phthalate. . 
wm $s corrected to| 


” ” 


WE ASASHWSEKRSSSASSSHRSHSSES 


; Ethylic meta- or isophtha- 
late | 

| — 16°942 
"4390 [2] | 16°006 
_— 16°117 
“7201 [2] | 16 °389 
*7260 16°411 
6249 [2] | 15°908 | 0°59 or 3°612 p. c. 
*7552 [3] | 27°158 
— 27°161 
*7581 [2] | 27 °347 
—_ 27 *360 
‘7176 27°164 | 1°129 or 5°224 p.c. 
“8518 [3] | 12 950 
*8506 12 °953 
‘7755 [2] | 12°783 | 0°811 or 2°404 p.c. 
* 7287 [3] | 13 °671 
_ 13 °673 
*6622 [3] | 14°759 
_ 14 °761 


» corrected to 
; Ethylic terephthalate .. 


fy 


: Ethylic benzoylacetate .. 
99 i corrected to | 
” ” eeeeeveeeee 
. Ethylic a-naphthoate ...... 
ma », corrected to 
a B-naphthoate ...... 
a » corrected to 


, Phenylic acetate. . ‘ 
” Pe corrected to 


He eed tp tee 


. Phenylic propionate. . 
oa corrected to 
: Phenylic butyrate ..... 
-g Pe corrected to 


i 


SUSCAARSSHNSSSHBASHSWS 


* Average temp. diff. = 0°346 for 100° or 2°048 per cent. on mol. rotation. 
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| 


Temperature 


| Specific | Molecular) ,. 
| rotation. | rotation. difference for 100 


on mol. rot. 


— 


| 
| 
| 
. Phenylic cnanthate........ 1 °5406 [3] | 17 932 


i 
és » corrected to Li 5-0 15377. | 17923 
9 yp «ee cenccces | SERS, BF | 17-653 | 0-477 or 2°661 p. ¢. 


Nitro-derivatives of Aromatic Hydrocarbons. 


. Nitrobenzene..........+2+.| 19°O | 1°6515 3] | 9°356 | 
si corrected to| 15:0 | 1°6566 9°361 | 
a ph iasiew 56°0 1°6149 11); 9°310 | 0°1243 or 1°327 p.c. 
. Metadinitrobenzene_ dis- i (p. 1181) | 9°649 
solved in _ nitrobenzene, 
C;H,(NO,.). + 3C,H;-NO,) | 
corrected to| 15° —_ 9 647 
, Orthonitrotoluene . ee 18°0 | 1°6492 [2] | 10°802 
+s corrected to 15° os *806 
. Paranitrotoluene ........ 54°3 1 °5207 [2] "166 
corrected to 15° — "214 
. Oe Nitronaphthalene (dis-| 16°2 (p. 1181) 841 
solved in_ nitrobenzene, 
C\)H;NO, + 2C,H;-NO,) 
rad corrected to| 15°0 20 °840 


Hydrowy-derivatives of Aromatic Hydrocarbons. 


ee 


» corrected to..... — 


2°4646 [2] | 12-073 

—e 12-140 
| 2°4030 «11-957 ‘| 0°23 or 1'919 p.c. 
| (p. 1182) 12-095 


. Phenol (in aqueous solution, 
C;H;O + H,O) | 
corrected to | 
. Orthocresol sete tees teen ee! 
os corrected to.. coe] 
SR ee 
4 corrected to.... 
. Paracresol (in aqueous solu- 
tion, C;H,O + H,O) eos 
o corrected to 
. Metacresol.... . pal 
corrected to .... | 
| 


— 12 -096 
2°3417 [3] 13 °379 
— 13 382 
2°2251 [4] 12°864 
— 12-869 
(p. 1182) 12°749 


| 


— 12-768 
2 +2075 (4) 12-769 
_— 12°776 
| 1°8916 [2], 16°116 
| 1°8938 16 °120 
18398 [1] 15°974 | 0°348 or 2°158p. c. 
| 19194 [3] | 16 “311 
— 16 °313 
2 +2502 [2] 13-269 
—_ 13 *306 

(p. 1184) | 12099 


: Thymol.... PErerrre rere 
ae corrected to ..... 

. Carvacrol.....csscceecceee 

ss corrected to.. ceweiwn 

. Homopyrocatechol......... 

corrected to | 

- Resorcinol (in aqueous solu- 
tion, C,H,O, + 3 5H,0) 

- corrected to 

(in aqueous solu- 

tion O;H,0> +14 066H,0) 


e 
” ” 15 


SAR SHSES KBSESSSS ABSS 


— 
on 
f) 


mm OO 
ans 
ade 


ee 
Oren 
6 66 


— 12-090 
(p. 1184) 11-916 


(p. 1184) | 12°285* 


* Estimated rotation of dry substance from the two solutions of resorcinol. 
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Specific [Molecular] aisorone for 100° 
| rotation. | rotation. rena ype 


. Pyrocatechol (in aqueous ‘0 | (p. 1184) | 12-628 
solution, CsH;O. + 
24:445H,0) 


” re | _ 13 -022* 
. Pyrogallol (in aqueous solu- | 16°0 | (p. 1185) | 12°669 
tion C,;H,03 + 15°542H,0, | | 


average for two specimens) | 
_ 0 | _ | 13°029 
6. Creosol.. a iaviewen : 2°1973,[3] | 15 °40L 
* corrected. to. meee —15°405 | 
» ESDEFOOBOL, 60 60.50 secccccees| OS 8 2° 1340 (3) | 15°000 | 
- corrected to. ost 16°O 7 _— | 15°021 | 


Mixed Oxides bk Aromatic Radicles. 


2 °3105 [2] | 138 941 
_— 13 °958 
2°1542 2] | 15 °114 
—_— 15°129 

| 2°0360(3] | 16°179 
2 
1 


. Phenyl] methyl oxide (anisole)| 
»  teorrected to | 15 
9. Phenyl ethyloxide(phenetole| 20 
» corrected to | 
, Phenyl propyl oxide 
, corrected to 
2 Phenyl isopropyl oxide 
5, corrected to | 
2. Phe nyl isobutyl oxide 
5 corrected to | 
3 Phenyl octyl oxide ........| 
» corrected to | 
‘ Orthotolyl methyl oxide. 
az corrected. to 
: Paratoly! methyl oxide . 
» corr ected to | 
, Metatolyl methyl oxide. .... | 
corrected to 


14 


| 
| 
| 
| 
| 


0231 [3] 
*9278 [2] 
1°71207(3) 


22086 [2] 


2°1188 (2) | 14°718 

_ 14°712 
2°1115(2)| 14°648 

— 14 646 
2 °0940 [2] | 15°113 
2 
2 


: Dimethylresorcinol 
——— to | — 15°108 
*4284 (3) | 14 687 


*3880 [2] | 16 °842 


; Guaiacol . 
9. Orthodimethoxybenzene . 
(Veratrole). “I 
ss » corrected to —_ 16 ‘841 
t 2°3964[1; | 16°833 
_- 16° 837 
2 °2563 [3] | 16°438 
— 16°717 | 
21947 (1) | 16°183 | 0-085 or 4097 p.e. 
21890 [2] | 17-458 
IIt 2°1893 [2] | 17°504 
» average of I and II — 17 *481 
* » corrected to _— 17 °484 


» corrected to 
, Dimethylquinol 
os corrected to | 


; Dimethylhomopyrocateshol I 


RSSSSHMSES boner he pee bib FP rr ie 


* Estimated rotation of dry substance, on the assumption that it differs for 
solution in the same manner 4s resorcinol. 

+ The temperature coefficient used for this und the following analogous com- 
pounds is 0°0029 for 1° = average of that of phenol and thymol. 

{ Another specimen. 


ESPECIALLY OF AROMATIC COMPOUNDS. 


1241 


Specific 
| rotation. 


Molecular 
rotation. 


Temperature 
difference for 100° 
on mol, rot. 


». Benzene.... 


” 
90. Isobutylbenzene 


” 
94, Mesitylene 


95. Pseudoc “umene 


2. Trimethylpyrogallol 


* corrected to 


3. a- -Naphthyl ethyl oxide .. ie 
6 » corrected to 


: g-Naphthyi ethyl oxide .... 
» corrected to 
: Benzyl methyl oxide....... 


48 
15 
91 
14 
15 
43 
41 
15 
15 


S6bdKkSCaNWoD 


0221 [3] 


*9618 (2) 
3 °5902 [3] 
5877 
*4918 (2) 
*3364 [2] 


1 °9224 


17 ‘002 
17 °201 
16 °739 
32 °245 
32 °237 
31°777 
30 °247 
30 °698 
13 417 


Aromatic Hydrocarbons. 


a corrected to... 


” eee 


5 Toluenet .. Weed 
$a corrected to 

_E thylbenzene 1g . 

e corrected to 
, Tit 


” 
39. Propylbenzene .... 
corrected to 


ee eeeeeeee 


. Orthoxylene 


corrected to.. 


eeeeeeee 


92. Metaxylene a 


corvected to 

|). Sr 
corrected ie 
» average of I and II 


93. Paraxylene ..0..-+.ecceee 


corrected to.... 
as corrected to... 


= corrected to 


” 


. Cumene (Isopropyibenzene) 
re », corrected to 


SWOMSHABDSSSRSOSHSSSGSSHSSSUKMUSHESSE 


*3053 
*1856 (1) 


0748 


eee bO DO bo bo lS tO 


i 


i 


"7412 


"8498 


* Average temp. diff. for 100° 
t+ From the sulphonic acid. 

t Average temp. diff. for 100° 
§ Obtained from Kahlbaum. 
|| Average rotation of specimens I and II. 


I 


** Average temp. diff. 


*3124 [3] 
°1383 [2) 
0781 [4] | 
*9790 [1] | 
9249 (1) 
97702) 
*9902 (1) 
*8926 [3] 
*8275 [3] 
"9894 [3] 
| 13 
8873 [2] 
8957 [3] 


| 12 
*8781 [3] 


7333 [6] 
*6344 [2] 
8444 [5} 


7762 [1] 
7231 [1] 


11 °294 
11 °284 
11°104 
10°990 
12°158 
12°157 
11-937 
11°811 
13 °369 
13 °382 
13 °446 
13 -414|| 
14.°554 
14° 553 
15°615 
13 °325 
*345 
12°831 
12 °853 
12 °859 
12 -866 
*859 
12 °797 
12°810 
13 °343 
13 °366 
13 -002 
13 -983 
13 ‘998 
13 °764 
13 *543 
‘631 
633 


Specimen from Langfeld and Reuter. 
= 0°602 or 4300 p. ce. 


0°6211 or 3°622 p.c. 


1°671 or 5°184 p. e. 


0°574 or 4271 p. c. 


PERKIN: MAGNETIC ROTATORY POWER, 


Temperature 
difference for 100° 


on mol. rot. 


| | 
Specific |Molecular 
| rotation. | rotation. | 

| 


Jymene* . 
os cor rrected to. 
. Napbthalene ..... 
corr ecte od to 
: Naphthalene (solution in 
toluene, C;gHs + 4C;Hs) . 
ss corrected to 
, Dipheny Imethane ....... 
a corrected to 


17655 (2) | 15-251 

15 255 

3 "5096 11 | 24°791 
25°125 | 0°458 or 1°760 p.c. 


=H Ore 
Orc Cr or 
ono 


25 °129 

25 °125 

| 2°5598 [2] | 23°74 

| 2°5553 | 23845 

2 °4696 [3] | 23-391 0°621 or 2°604 p.c. 

2 °38538 [1] | 24°713 

| 24°977 

2° 700 a ‘527 

‘O11 

(p. 1196) | "955 


| 
| 
| 


(p. 1195) | 


” 
. Dibenzyl 
~ + corrected to .. 
. Triphenylmethane 
+ corrected to 
. Phenanthrene (solution in 
toluene C,,Hyy + 6C;Hs) 
. Acenaphthene 


ee oe ee oe a ed 
MND oIWDW A AHwn 
MHodSdR2SES SOSOCHHSKROD 


a S 


| 3 ere | *252 
28 *636 
| 2 9402 2). } 815 
| | 25°304 
(2 0425 “986 
/2°0401 13°899 


4 corrected tot 
. Diphenyl 
a + corrected to. . 
R 3. Hydrindene Ls ‘ 
IL (ey nthetic- 
ally prepared) 
corrected to | 15'0 | — ‘928 
. Indene I (from coal tar) .. 6 | 2°43853 350 
» Il (from coal tar, ‘5 2°4481 253 
purified as picrate) 
Indene III (from coal tar) ‘0 | 2°4357 14946 
Average of the three sam- | 15° — | 15°200 
ples, corrected to | 
Indene IV (synthetical) 5°3 2 °5057 16 °202 


Oem Oe ¢ 
ob Orc Cr 


Aromatic Alcohols, Aldehydes, and Ketones. 


. Benzylie alcohol ‘ *1672 (3)  12°406 
ms 5 corrected to 15°0 | 2°1700 | 12°400 

“0860 12-234 | 0°222 or 1°78 p.c. 

. Cuminie dedi insiee- . °8707—s ||: 15 °883 
os corrected. to . —_ | 15°879 

; Methylsaligenin eateicieweeee : 0293 [2] 14°828 
. Anisic alcohol 2345 [2] 15°404 
» corrected to - 15 °407 

2. Benzaldehyde.. ‘ 1186 [3] | 11 °874 
a corrected. to *1153 11°864 | 

“9956 11°567 | 0°373 or3 ‘144p.c. 
8264 15° 245 
— | 15245 
3619 =| 15°865 
— 15 872 


See 


NDA SNH OD 


m ecaaetsies 
3. Cuminaldehyde 
corrected to 
4, Anisaldehyde .. 
< corrected to 


SHBSONWSHEONA 


et 


* From the sulphonic acid. 
+ By temp. diff. of diphenylmethane. 
t By temp. diff. of naphthalene. 


ESPECIALLY OF AROMATIC COMPOUNDS, 1243 


Temperature 
difference for 100° 
on mol. rot. 


Specifie Molecular) 
rotation. rotation. 


2°1231 13) 14° 
_— 14° 
2°2674([3]) | 13° 
— 13° 
*9532 [2], 12° 
"9517 12 °5$ 
*9025 [1] | 12°48 0°3162 or 2°510 p. c. 
*5051 [3]| 23° 
_ 23° 
*4633 [2] | 22° | 0°689 or 2°948 p.c. 
"8574 [2]| 13° | 


. Methylsalicylaldehyde .... 
corrected to 
b Salicylaldehyde cece 
» corrected to | 
: Acetophenone. eieersaes 
ee corrected to 
. Benzophenone ........+++ 
ne corrected to 
a Ethyl phenyl ketone... .. 
,, corrected to | 
. a- Hydrindone souee seaeel © 
corrected to | 
Coumarone .... see Sesea'l 
a corrected to... | 15 


_— | 18° 
0473 [2]| 13° 
— 13° 

2 ‘4328 [2]' 14°805 


nu 
SASK SE SSSKSNSSSD 


Halogen Derivatives and Nitriles of Aromatic Hydrocarbons. 


. Fluorobenzene .......+... ‘0 | 1°9144 9-959 
% corrected to* | — 9°970 

. Chlorobenzene .....  ....| 2211 [4)| 12°504 
é corrected to 2268 12 510 

0938 (1) 12°249 | 0379 

‘0834 [1], 12°224 | 0°378 

“0892 12°238 | 0°3773 or 3046 p.c. 


”» 


| 
| 
| 
| 
j 


| 


‘ *, (average of the two 
preceding determinations) 

. Paradichlorobenzene...... 

7 corrected to 

25. Bromobenzene ..........- 
corrected to 


eeeeeeee eens 


bo 


0857 [3] | 13 °487 
— | 13°655 
4937 [5]| 14°503 
4932 | 14°506 
*8548 | 14°191 | 0°455 

3468 | 14°176 | 0°428 

*3504 | 14°182 | 0°4361or3:007 p.c. 


bo bo bw bo 


» average of the two 
preceding determinations 
26. Iodobenzene 


” 


‘1176 [5] | 19-143 
3°1024 | 19°108 
991013] | 18-796 | 0°773 + 
‘9368 | 18°616 0-743 f 
*1226([3]| 13-719 
2 0259 [3] | 13-246 
“2008 [4] | 14013 
— | 14°014 
“3556 [5] | 15-667 
— 5 674 
"2084 [3] 062 
— | 15°167 
*1351 [2] | 14°842 | 0°440 or 2°901 p.c. 
"2073 [4] | 29 -654 
‘2113 29 *668 
0653 | 28-963 | 0995 or 3°356 p. c. 


” 


eee 
. Benzylic chloride 
», corrected to 
Orthobromotoluene 


5 Parabromotoluene 
‘i corrected to 


. Phenylic sulphide 
ag » corrected to 


” 


‘0 
D 
‘0 
‘0 
a) 
3 | 
5 | 
‘O } 
.* ‘0 
‘0 
‘0 
‘0 
“4, 
‘0 | 
9 | 
“| 
*4 
e 2 
3 | 
‘0 
| 
F “0 | 
‘0 
“0 | 
"4, | 
“0 | 
8 


* By temp. diff. for chlorobenzene. 
+ Average temp. diff. for 100° = 0°756 or 3°97 per cent. 


PERKIN: MAGNETIC ROTATORY POWER, 


| 
| 
| | Temperature 


yo | —_ —— difference for 100° 
\. a on mol. rot. 


| 
; 17°7 | 2°1867 (2) 
| 


3. Thiophen.. 
ae cor rrected. to 
Senzylic sulphide ....... 
», corrected to* 
35. Thiocarbanil (phenylsenfél) 
corrected tot 
36. Densenensiphonie chloride . 

,, corrected to 

Senzoic chloride... 
= corrected to 
! Phthalic chloride a 
© corrected to 

. a- -Toluic chloride 
» corrected to 

, Metachloraniline 
a corrected to 


| 2 -6002 [2] 
| 3 +2606 [21 
1-972 [2] 
11-9824 [2] 


1°7868 [2] | 


11-9280 (3). 
| 2-9816 (2). 
| J. 


| 2°8153 
| 2° — [2] | 16°751 
| 17-066 
2 0918 | 11°854 
| 11°853 
1 9507 [2] | 12-938 
| 12-999 


. Parac shloraniline ee 
corre cted to 
2. Benzonitrile 
corrected to 
; =e ratolunitrile . iamnow 
corrected tot 
, Orthotolunitrile pecans eee 
cmmeed to 
‘ Benzylic cyanide.. 
= corrected to 
. a -Naphthonitrile ee ere 
7. 8-Naphthonitrile......... 
a corrected to§ 


| 19906 ,2) | 12° 

} ade | 12° 

| -1°9596 [2] 12° 
— | 12: 

32563 [2] 24° 

| 3°3178 (3) 25° 

— | 26264 


ONE SNSASKHSTSASSSESESAUSASHASNSHS 


Aromatic Bases. 


» Aniline .....cccccesccece| 12° ‘2006 [2] | 16-097 
- corrected to..,-.., 15 "1905 16076 
- peaieeaibe-emd seme ee 0440 15 “707 | garish 
6 atayen eee) "9852 15°535 =| (0-715 

9. Methylaniline. . oe 15 *2699 [3] | 19°620 
corrected to 15 — 19 °624. 
b Dimethylaniline err 22 *2498 [2] | 22 °817 
PS cor rected to 15° *2758 22 *888 

‘0723 [3] | 22°181 | 0°936 or 40876 p.c. 
9498 [2] | 20 °567 
"8535 [2] | 25°163 
"6023 [2] | 34°860 
| — 34°878 
| 2°2719 [2] | 13 °664 
— 13 *646 


61. E thylaniline eucdcerw 
52. Diethylaniline ..... 
53. Methyldipheny lamine. . 


CwmNnwww bow GO 


, Benzylamine. pen enwes sss 
. corrected to. 


SUAOAwBNWORSISCSCOER 


* By temp. diff. of phenylic sulphide. 

+ By temp. diff. for phenylic sulphide. 

t By temp. diff. of benzaldehyde. 

§ By the estimated temp. diff. 0°453 for 100°. 
4] Average = 0°754 for 100° or 4°61 per cent. 


ESPECIALLY OF AROMATIC COMPOUNDS. 1245 


Specific {Molecular 
rotation. | rotation. 


. Benzylamine and water (equal volumes at 15°) | 15°0 | 1°6889* | 19-739* 
‘ . ..| 15-0 | 1°6157¢ | 19°154+ 
. x calculated ....... — 19 *687 
. Dibenzylamine.........2eeseeeeeeeeeeeeees| 15°6 | 2°4427 [3]| 25 °875 
¥ corrected to. (iacsece eek ee) ae _— 25 *879 
. Benzylaniline........+0..++: ~| 10° 3 2831 [2] | 31 °261 
corrected to. sosocceces| 10% — 31 °295 
: Phenylazoimide . . ve 20.06 90 c0 0s ce cecceces| SOS) SEONG See 
corrected to $6<se0ceeee) BOT — 14-769 
: Phenylhydrazine . eee ec ccccceccceee| 22°O | 3°2967 (2]| 18-009 
= corrected to. . ica valet | 15 — 18 °061 
, Paratoluidine vaeantti te eeee| 50 2 °5979 [2]| 15-871 
‘ (dissolved in an n equal ‘weight of | 16 (p. 1209) | 16°196 
orthotoluidine) | 
‘3 corrected to | 15 
‘i (solution ‘in alcohol, C-H,N +| 15 
2C2H,O) 
. Orthotoluidine.. Ma~ebeesedeegudl aa” 
corrected to. ee 15 
32. Metatoluidine ...... (ede sees $5568 05 oe) TE 
. Dimethylorthotoluidine .. occvcccccces --| 15 
corrected to. iaweeeeel oe 
; Dimethylparatoluidine . . Ss@albwn errno 
corrected to . Leer ery 
LIAISE ORES 
corrected to jiceuaeeue ae 


wesodounsadsda 


— 16 “188 
(p. 1210) | 15 -463 


66 


2 °8956 ys 
— 17 . 
2 °7163 [3]| 16°2 
2 °3167 [4]| 18° 
: 18°6 


*8693 [4] | 22° 


2 
22° 
3 0001 [3]| 18° 
— 18: 
16. Para- anisidine . ‘ Souaewbe 2 *8353 [2]| 17° 
counected te.. Literaakbtwhare 
a-Naphthylamine PTETETETeTererrrer er riie 


5 corrected to . 


— 18 . 
*2449 [3]| 37° 

— 37 . 
5 °0840 [2]| 36° 
(p. 1212) | 84° 


38. B- Naphthylamine (a fused mixture of equal | 
weights of a- and B- en 
corrected to§ ...seceree 
9. Dimethyl- B-naphthylamine .. 
corrected to§ . 
: Dimethyl-a-naphthylamine 
. ac-Tetrahydro-8-naphthylamine........ eeeee| 
. ar-Tetrahydro-a-naphthylamine ......-++eee6| 
ai - os corrected to .. 
» Pyridine ...ccesscevecceeees o coceccccccces 
9 —-—« CORFEctCd tO core ccssccccccccccceces| 
» Quinoline .2.000..cccccere eovcccoeverscvece 
a Corrected tO .ccsscccecece 
. Tetrahydroquinoline .......0+.+e0+ 
corrected £0 seiveins 
76. Metaphenylenediamine 00.60.09 edae's 
. Orthophenylenediamine (in solution i in 1 aniline, | 
C;H,(NH, Jo + ik 5C 6Hs° ‘NH, 2) 
"a corrected to.. 


BSOSGSBDSEUASGKSHSSY 


— 35 . 
5 *1436 [3] 


3 9575 [3] 
2 °0446 [4] 
2 °6172 [2] 
1°9721 [2] 
3 °1958 [2] 
2 °8169 [3] 


5762 [3] 
(p. 1214) 


S FNSEUASSSESSKONSHES 


* Unmixed (see pp. 1057, 1208). 

+ Mixed (see p. 1208). 

t Temp. diff. for 100° on mol. rotation 1°561 or 4°165 per cent. 
§ By temp. diff. of a-naphthylamine. 


PERKIN: MAGNETIC ROTATORY POWER, 


Specific 
rotation. 


Molecular 
rotation. 


2. Phenylacctamide (in 


. Dimethylparaphenylenediamine ... ...++ee.- 
” corrected to .. 
. Benzamide (solution in watery phenol, 
C;H;NO + 2(C,H,O + — 
. Formanilide..... oe 
corrected. to. wean oeye 


31. Acetanilide (in solution in phenol, C,H,NO+ 
1:5C,H,O) 
corrected tot . ba aa 
solution in "* phenol, 
C,H,NO + 2° 50cH.O) 
corrected tot . 


” ee eeereee ses 


18°5 
15°0 
15°25 


14°3 
15 °0 
61°7 
71°4 


15°0 
78°5 


15°0 


Hydrochlorides of Bases. 


. Aniline hydrochloride (in aqueous solution, 
C,H;N,HC1+9° 722H;0) | 


. Dimethylaniline hydrochloride (anhydrous) . 

Dimethylaniline hydrochloride (anyhydrous) | 
(I. In. aqueous solution, CgH,,N,HCl + 

0-069HCl + 6:174H,0) 

(II. In aqueous solution, CsH,,N,HCl + 
0-069HCl + 21 -238H,0) 

. Hydrochlorides of dimethylparatoluidine (in 
aqueous solution, CygH,;,N,HCl + 0-5HCl + 
4°17H,0) 


Hydrochlorides of dimethylorthotoluidine (in | 


aqueous solution, CyH,,N,HCl + 0-5HCl + 
4°17H.0) 

3. Hydrochloride of orthophenylenediamine (in 
aqueous solution, C;H,N.,2HCl + 45H,O) 
Hydrochloride of paraphenylenediamine (in 
aqueous solution, CsH,N>,2HCl + 65H,O) 
Hydrochloride of metaphenylenediamine (in 
aqueous solution, CsH,N,,2HCl + 40H.O) 


] 


14 °2 | | (p. 


z 

16° 7 | |. 
13°8| (p. 
14°8 | (p. 


| 


17°0 (p. 


| 15:0 (p. 


Unsaturated Compounds. 


. Cinnamene ion 
corrected to 


. Ally Ibenzene. . ‘ ecuwon 

cor orrected ‘to. 

, Isobutenylbenzene eee ce eee cece see. 

corrected to. cece 

. Stilbene (a solution in diphenylmethane con- 

taining 26°315 = cent. of stilbene) 
§corrected to. 


” eeeeeeesese 


15°0 | 


15°0— 
19°3 
15 °0 
69 °6 


codihd 


(p. 
2 5979 [2] 


(p. 


18-0 | (p. 


15°0 (p. 
15:0 (p. 


3°6051 [2] 


1216) 


2°5141 [2] 
(p. 


1216) 


1222) 


1222) 
1223) 
1223) 


—@. 1225) 


26 °213 
26 °239 
13 520 


15°214 
15°211 
14 °961* 
15 °702 


16 °003 
14 °869 


15 *208 


| 15 547 
| 16°394 


| 


| 


18°326 


17 606 
| 17-351 


18 °465 


21°329 
20°213 


_ 20°345 


18°73, 2 °5527 [3] | 
18°2 | 2°4458 @) 
2 2628 [3] | 


16°015 
| 16-041 
17°578 

17-599 
18 *333 


| 18-362 


32 666 


° + Temp. diff. for 100° on mol. rotation, 0° 534, 

t+ By temp. diff. of formanilide. 

t Estimated as dry aniline hydrochloride, being corrected for the influence of 
solution by the results obtained with dimethylaniline. 

§ Estimated temp. diff. for 54 6° = 0°477. 


ESPECIALLY OF AROMATIC COMPOUNDS. 1247 


Specific | Molecular 
rotation. | rotation. 


191. Phenyl! allyl oxide ........ccccvesccecece 
” ‘a » corrected to..... 


"2694 (2) | 17°141 
*2672 17 *134 
1217 [4] | 16°647* 
‘0775 [3] | 17 °566 
17°571 
5459 [4] | 21 082 
—_— 21 °089 
*8458 [2]| 15 °722 
*5578 [2] | 21°445 
_— 21 °469 
°1974[3]| 18°724 
= 18 “727 
‘7126 [3]| 17 °880 
— 17 °885 
*1551 [3] | 19-998 
1577 20-006 
*0394 [1] | 19°477+ 
| 2°3397 [3]| 21°888 
—_ | 21 °891 
*3954 [3] | 22 °356 
_ 22°359 
4854 [2] | 17-808 
_ 17°940 
4116 (2]| 17 °494t 
"4560 [2]| 19°221 
— 19 °285 


eee se ee eeeeeeseeeeereee 


192. Perntolyl oily! cide, cA EREN OD OSS 
e corrected WA wens 0eeeas 
193. Anethole .. Mnrdbeieevbaees 
“ corrected to. . 
194. Allylic benzoate .....eeeees 
195. Isoeugenol . ery ee ee ee eT TT 
a corrected to iG 6b biteradaacunae 
196. Eugenol.... ccs. -cccccceccccccveccsvcsccese 
CONDONE BO o.0'00:0s06.0002 40404069 
197. Cinnamaldehyde ......seseeeeeeeeeees eee 
- corrected to .......00- 
198. Ethy Tie cinnamate 
a i corrected 0 vs eevee | 


SSHBSKSHRSaAwBSBSNSESHNISHESTE SH 


199. a-Methylic orthomethoxyphenylacr ylate.. 
corrected to 
200. B- Methylic orthomethoxyphenylacrylate | 
a corrected to | 
201. Cinnamic alcohol .. eT eer er ree 
ot “6 corrected tO ....ee+. 
202. Benzylidene- acetone Masel ees Seen aw edteee 
Pe es Corrected tO.e..sseeeeee 


Borne Ports. 
Alcohols. 


Substance. Perkin. Other observers. 

Anisic alcohol 216° (250 mm.) 258 °8°, Cannizzaro. 

' Benzylic aleohol.... 205°3° (corr.) 204°7, Kahlbaum. 

Benzyl methyl oxide. 170° 167 *5, Cahours. 

Cinnamic alcohol.... 257 * 254 °O (747°3 mm.), Brihl. 

Cuminic aicohol..... 248° 246 °6 (corr.), Kraut. 

Methylsalicylic alco- 

err ree *5 (250 mm.) 47°5 (765 mm.), Cannizzaro-Kérner. 


Aldehydes. 
Anisaldehyde 248 -0° (corr. ) 247 5° (733 °5 mm.), Rossel. 
Benzaldehyde .... ol 180°0, Kahlbaum. 
Cinnamaldehyde.... 209°5 (2 50 mm.). 
Cuminaldehyde..... 235° 237 °0, Kopp. 
re 0 rela ‘ 238 ‘0, Voswinckel. 
esiitnidientil . 196 *5, Piria. 


* Temp. diff. for 100° on mol. rotation, 0°719 or 4°196 per cent. 
+ Temp. diff. for 100° on mol. rotation, 0685 or 3°425 per cent. 
t Temp. diff. for 100° on mol. rotation, 0 6015 or 3°352 per cent. 


1248 


_ Substance. 
Acetanilide 
Phenylacetamide ... 


Aniline ......+.+.+ 
o-Anisidine.. . 
p-Anisidine...... 
Benzylamine.. 
Dibenzylamine 
Diethylaniline...... 
Dimethylaniline ... 
Dirtethyl-a-naphthyl- 


Dimethyl-A- eT 
amine....+.+ , 
Dinetial-s- aha’ 
enediamine .. ° 
Dientleyt-o-tebnidine 
on images 
Ethylaniline.. ; 
Methylaniline .. 
Methyldiphenylamine 
a-Naphthylamine. . 
B-Naphthylamine ... 
m-Phenylenediamine. 
o-Phenylenediamine . 
Phenylhydrazine.... 
EPPING 60'e650e:0'0s 
Quinoline 
Tetrahydro-a-naph- 
thylamine, ac-.... 
Tetrahydro-8-naph- 
thylamine, ar-.... 
Tetrahydroquinoline. 
o-Toluidine.... 
p-Toluidine...... 
m-Toluidine 


Benzenesulphonic 
chloride........ 
Benzoic chloride .... 
Benzylic chloride.... 

Bromobenzene... 
o-Bromotoluene... 
p-Bromotoluene..... 
m-Chloraniline 
p-Chloraniline ...... 
Chlorobenzene... 


PERKIN : 


MAGNETIC ROTATORY POWER, 


Amides. 


Perkin. 
5 ‘0° (corr.) 


262 ‘0 (250 mm.). 


~ Other Observers. 
301 °5° (725 mm.), Pictet-Crépieux. 


Amines. 


84°0° (corr.) 
” 


»” 


‘0 (250 mm.). 


” 


” 
5 (69 mm.). 
(69 mm.). 


(corr.) 


© °3 
*D 
2 
55 
5 °d 
‘0 
8 
s+] 
‘0 


on © 


re Ot 


0 


210 ‘0 (250 mm.). 


234°0 (250 mm.). 


2510 (corr.) 
199 *5 
200 °3 
203°0 


” 


” 


” 


183 -7°, Thorpe. 
226 °5 (734 mm.), Miihlhiiuser. 
245 °5, Salkowski. 
185 ‘0, Rudolph. 
6°5 (769 °5 mm.), R. Schiff. 
2°6 (738°4 mm.), Briihl. 


257 °0, Wurster. 

183 °0, Wurster- Roser. 

208 ‘0, Hofmann. 

206 ‘0, Pictet-Crépieux. 

193 5 (760 mm.), Pictet-Crépieux. 
292 ‘0 (740°8 mm.), Briihl. 
300°0, Zinin. 

2940, Liebermann-Jacobson. 
276°5, Zincke-Sintenis. 

252 -0, Griess. 

241 °5 (750 mm.), E. Fisher. 
116 +1 (7595 mm.), R. Schiff. 
238°0, Kahlbaum. 


244. ‘0, Wischnegradsky 
198 °4 (735 °4 mm.), Brithl. 
198 0, Muspratt-Hofmann. 


Halogen Compounds. 


‘5° (corr.) 
> 


” 


246 *5, Otto. 

194°0 (742°2 mm.), Briihl 

179 ‘0°, Kahlbaum. 

155° 6, Schiff. 

182 °2 (761 °8 mm.), R. Schiff. 

185 ‘2, Hiibner-Post. 

230 ‘0 (767 °3 mm.) Beilstein-Kurbatow. 
230-5, Mills. 

132-0, R. Schiff. 


ESPECIALLY OF AROMATIC COMPOUNDS. 


Substance. 
o-Chlorotoluene..... 
p-Chlorotoluene..... 
p-Dichlorobenzene. .. 
Fluorobenzene...... 
Todobenzene........ 
Phthalic chloride... 
a-Toluic chloride.... 


Acenaphthene ...... 
Allylbenzene .. 
Benzene ....+--- +++ 
ion Seenafibanione. ‘ 
iso-Butylbenzene. . 
Cymene (from sulpho- 
MIOBEG) 26,0085 

Dibenzyl.. eee 
Diphenylmethane . . 
Ethylbenzene ions 


sulphonic acid) ... 
Ifydrindene (coal-tar) 
. (synthe- 
tical) .ccccccevece 
Indene (coal-tar).... 
Indene (synthetical) . 


Mesitylene -..... -. 
Naphthalene........ 
Propylbenzene 
iso-Propylbenzene 
(cumene) 
Pseudocumene.. 
Toluene (from sulpho- 
| eer 
Triphenylmethane. .. 
m-Xylene ...... 
o-Xylene...... : 
p-Xylene.......605 


Acetophenone 
Benzophenone 
Ethyl phenyl ketone. 
Coumarone ........ 


a-Naphthyl cyanide . 

8-Naphthyl cyanide . 

Benzonitrile . , 

Benzylic cyanide .. 

o-Tolunitrile 

p-Tolunitrile....... 
VOL. LXIX, 


159 


187°7 (corr.) 
281 °1 - 
170°0 (250 mm.) 


229 
176 

80 
187 


*1° (corr.) 
1620 __—,, 
eT « 


5° (250 mm). 
‘5 (corr.) 

3 80°36, Regnault. 
8 181°0, Liebmann. 
169° 


Perkin. Other Observers, 
159 °*38° (corr.), Feitler. 
161 °5, Kahlbaum. 
173 °2, K6rner. 
85 0, Sydney Young. 
187 °7, R. Schiff. 
275 4 (726 mm.), Rribl. 
102 ‘5 (17 mm.), Anschiitz-Berns. 


Hydrocarbons. 
277 °5°, Behr. 


167 *5, Radziszewsky. 


177° 


281° 
264° 


135 * 
176°: 


177° 
180° 


284°0, Cannizzaro-Rossi. 
261°5, Zincke. 


135 ‘8 (758°5 mm.), R. Schiff. 
176 °2, Kramer-Spilker. 


180 ‘0 (corr.), Kramer-Spilker. 


181° 


164° 
218° 
159° 


152° 
168° 


110° m 

‘O (250 mm.) 
139° 
+ oe 
5 138°0, R. Schiff. 


306 


142 
137 


202 
306 


142° 


174 


‘0° (corr.) 


"0° (corr.) 
. 


164°5 (759°2 mm.), R. Schiff. 
218 °1, Crofts. 
158°5, R. Schiff. 


152°75, Liebmann. 
169 °8 (corr.), Warren. 


110 '3, Neubeck. 

359 °5 (754 mm.), Crofts. 
139°2 (759°2 mm.), R. Schiff. 
142°5, Jacobson. 


3 (corr.) 


Ketones. 
202 -0°, Fittig. 
306 °0, Croft. 


3(78mm.) 218 °0, Morley-Green. 


*O (corr.) 


Ni a 
° (corr.), Merz-Mihlhauser. 
4 »  Merz-Mihlhauser. 
Kopp. 
ay Hofmann. 
2038 °5 »  Weith. 
217 °8, Paternd. 
40 
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Substance. 
Nitrobenzene ....... 
o-Nitrotoluene ...... 


Anethole ........+. 
Carvacrol........ 
Creosol ......+0+00 
tso-Creosol ....+. ++ 
m-Cresol ......++.0% 
O-Cresol...cccccceee 
p-Cresol 
Dimethylguaiacol 
(veratrole) ....... 
Dimethylhomopyro- 
catechol ......... 
Dimethylquinol..... 
Dimethylresorcinol .. 
Kugenol .....++ +++. 
iso-Eugenol ........ 
Guaiacol.......+++6 
Homopyrocatechol .. 


a-Naphthylethyloxide 
8-Napbthylethyloxide 


Phenyl allyl oxide .. 
Phenyl ethyl oxide.. 


Phenyl iso-butyl oxide 


Phenyl methyl oxide. 
Phenyl octyl oxide .. 
Phenyl propyl oxide. 


Pheny] iso-propy] oxide 


Pyrogallol........+. 


p-Tolyl allyl oxide .. 
m-Tolyl methyl oxide 
o-Tolyl methy] oxide. 
p-Tolyl methyl oxide. 
Trimethy! pyrogallol. . 


Allylic benzoate..... 
Butylic benzoate .... 
iso-Butylic benzoate . 
Ethylic anisate...... 
Ethylic benzoate .. .. 
Ethylic cinnumate. .. 
Ethylic cuminate.... 


PERKIN: MAGNETIO ROTATORY POWER, 


Nitro-compounds. 


Perkin. 
210°8° (corr.) 
225°7 ss, 


Other Observers. 
209 -4° (745 °4 mm.), Briihl. 
223°0, Kekulé. 


Phenols and Derivatives. 


235 *3° (corr.) 
237°7 ss, 

181 0 (250 mm.). 
202°0 (corr.) 
191°0_ ,, 
198°0__,, 


207 *2 


220 °5 

213°6 ls, 

216°7 ” 

253°5 ly, 

193 °5 (100 mm.). 
205°0 (corr.) 
279°8 (corr.) 
282:0 ,, 

J ee 

191 °7 


176 °7 
yi * 
176° 
241 ° 


236 -7°, Jacobson. 
130 °5 (50 mm.), W. H. Perkin, Jun. 


202 °8, Pinette. 
188 °0, Berthelot. 
201 ‘8, Pinette. 


205 °5, Marasse. 
218-0, Goldschmidt. 


214°5 (759 mm.), R. Schiff. 
247 °5, Wassermanun. 


205 °1, Béhal-Choay. 
251°5, W. H. Perkin, Jun. 
280 7 (corr.), Schaffer. 
274 °5, Liebermann-Hagen. 
182°3 (corr.), Ladenburg. 
192—195, Henry. 

170 ‘3, Pinette. 

198 ‘0, Riess. 

154 °3, Pinette. 


190 ‘5, Pinette. 

176 °0, Silva. 

293 °0 (730 mm.), J. Schmidt. 
230 0, Lallemand. 


177 °2, Pinette. 

171 °3, Pinette. 

175 ‘5 (762 °3 mm.), R. Schiff. 
235 ‘0 (corr.), Will. 


Salts.—Ethereal Salts. 


230 0° (corr.) 
249 ° 

241 ° 

269 ° 

2118 ,, 

226 °O (250 mm.). 
263 °6 (corr.) 


230°0°, Berthelot-Luca. 
247 °3 (corr.), Linnemann. 
237°0_—sé=é»; Kahlbaum. 
2525, Cahours. 

211 °2 (corr.), R. Schiff. 


240-0 (Gerhardt and Cahours). 


ESPECIALLY OF AROMATIC COMPOUNDS, 


Substance. Perkin. Other Observers. 


Ethylic hydrocinnam- 
(ne 
Ethylic m-methoxy- 
BOnSON cckcisccs. BBO 5, 
Ethylic methylsalicyl- 
CP ccna chneeaes) Be. Se Folsing. 
Ethylic a-naphthoate 220°5 (74 mm.). 
Ethylic B-naphthoate 224°0 (74 mm.). 
Ethylic phenylacetate 227°3 (corr.) 229°0 ,, Hodgkinson. 
Ethylic phthalate.... 298 °5 
Ethylic iso-phthalate 302°0 285 °0, Fittig-Storrs. 
Ethylic terephthalate 302°0 
Ethylic salicylate..., 233°7 231°5 (corr.), Kahlbaum. 
Ethylic o-toluate.... 227°0 219°5 (713 mm.), Ador-Rilliet. 
Rthylic p-toluate.... 2385°5 228 ‘0, Noad. 
Methylic benzoate... 198°6 199°2 (746 mm.), Kopp. 
Methylic a-o-meth- 
oxyphenylacrylate. 301°5 
Methylic f-o-meth- 
oxyphenylacrylate. 304°5 
Metbylic salicylate .. 222°2  ,, 224°0 (corr.), Kopp. 
Octylic benzoate .... 259°4(210 mm.) 305°5, Zincke. 
Propylic benzoate... 230°7 (corr.) 229°5 (corr.), Linnemann. 
iso-Propylic benzoate 218°5 ,, 218 0, Linnemann. 


247 *2° (corr.) 247 *5° (corr.), Erlenmeyer. 


Salts.—Phenylic Salts. 


Phenylic acetate.... 196 °7° (corr.). 193 °0°, Hodgkinson and Perkin, Jun. 
Phenylic butyrate... 227°5  ,, 

Phenylic enanthate.. 282°3 _,, 277 °5, Cahours. 

Phenylic propionate. 211°0 ,, 200-0 (744 mm.), Prevost. 


Sulphur Compounds. 
Phenylic sulphide... 296°5° (corr.) 293 -0°, Kraft-Lyons. 
Thiocarbanil........ 221°0 ,, - 219°8 (768 °8 mm.), R. Schiff. 
Thiophen.......... 840 ,, 84-0, Schiff. 


INDEX. 
Compounds of the Fatty Series. 


Substance. Mol. rot. 15°, Page 
DORM ice iicinaneienns «maeeee 2°528 1063, 7/72, 1236.* 
ee 3°882 1063, 7172, 1236. 
Citraconie anhydride...........0+.+05 5 °543 1063, 1773, 1237. 
Dichloracetic acid ....-....6..+e+ee08 5°8300 1063, 1772, 1236. 


* The numbers in italics refer to the experimental results, p. 1169 et seg. 
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Substance. 
Dimethylacetylacetone ... 


Dipropyl ketone .....++00. 4+: 


Ethylene dichloride...... 


Ethylic acetoacetate... .......0.+06 
Ethylic citraconate .....+-+seeereeees 


Ethylic iodide..,......+- 


Ethylic conanthate..........sseeseees 


Heptane........ 
Hydracetylacetone 


Methylene diiodide ..........++ sees 
Octylic bromide ......seceeseeseceees 
Octylic chloride ......cceeeeeeeeeeees 
Octylic iodide. .......seseeeeececes 
CEnanthylic acid ..csse ce seee cess eee 
Propionic acid... .....0+e -eeeceseeens 
Propylic bromide ......0..ecesecessees 


Pyrotartaric anhydride 


vo 


Phenylacetic acid......cccevecesees 


De CRE od cw tsa Cd bee we 


Benzylic alecohol......... 


Benzyl methyl oxide ....... 
Cinnamic alcohol............ 
Cuminic alcohol .............+. 
Methylsalicylic alcohol ....... 


Oe ee ee ee ee) 
ee 


Mol. rot. 15°. 


7 045 
a 7°471 
6 °502 
10 *497 
10 ‘082 
. 9°542 
. 7666 
5 ‘871 
18 °644 
12°025 
10°1389 
16 °182 
7 554 
3 °464 
6 880 
4°759 
6°473 


eevee reeeece 


PERKIN: MAGNETIC ROTATORY POWER, 


Page 
1063, 1772, 1237. 
1063, 1172, 1236. 
1068, 1173, 1237. 
1063, 1172, 1236. 
1063, 11773, 1237. 
1063, 1173, 1237. 
1063, 1172, 1236. 
1068, 1772, 1236. 
1063, 1772, 1237. 
1068, 1173, 1237. 
1063, 1173, 1236. 
1063, 7173, 1237. 
1063, 1173, 1237. 
1068, 1772, 1236. 
1063, 1172, 1236. 
1063, 1773, 1237. 
1063, 1173, 1237. 
1063, 1172, 1236. 


Aromatic Compounds: Acids, 


-» 12°748 


Alcohols and Ethers. 


15 °407 
12-400 
13:°417 
17 940 
15 °879 


INTO 6 he 0s si isidedeieeciweces 


Benzaldehyde 


Cinnamaldehyde. ..........+.seseseee 


Cuminaldehyde 
Methylsalicylaldehyde 
Salicylaldehyde,......... 


ROOGMAIES occicenseccce 


ee 
Formanilide 
Phenylacetamide ....... 


PN hss 525 
o-Anisidine ...... 


P-AUMIGIGING ....6.505 cece cece 
PROM P UNTO 5 5.5 0's <n 6:04.05 50 04.5008 00es 


Benzylaniline...... 


1079, 1094, 7775, 


1128, 1136, 1199, 
1064, 1090, 1125, 
1090, 1190, 1241. 
1064, 1126, 1149, 
1125, 1198, 1242. 
1128, 1/98, 1242. 


1242. 


1128, 1136, 7200, 
1064, 1091, 1125, 


1242, 


1125, 1799, 1242. 
1127, 1128, 7200, 
1126, 1200, 1243. 


1243, 


1114, 1216, 1246. 
1114, 1216, 1246. 
1114, 1216, 1246. 
1114, 1277, 1246. 


1064, 1098, 1155, 7207, 1244- 


1181, 1277, 1245. 
1131, 1277, 1245. 
1103, 1157, 7208, 1243. 
1102, 1209, 1232, 1245. 


1198, 1242. 


1228, 1247. 


1199, 1242. 
1126, 1145, 1149, 1227, 1247. 


ESPECIALLY OF AROMATIC COMPOUNDS. 


Substance. 
m-Chloraniline........ 
p-Chloraniline.......... 


Dibenzylamine .. 2... 2. 22 oe cc sees voce 


Diethylaniline......... 


Dimethylaniline............ 
Dimethyl-a-naphthylamine............ 


Dimethyl-8-naphthylamine .......... 


Dimethyl-p-phenylenediamine 
Dimethyl-o-toluidine...... 


Dimethyl-p-toluidine. ..........6. 006. 


Ethylaniline .. .. 2... cece ccccccsevecs 
Methylaniline.... 202 ssccccccccccces 
Methyldiphenylamine............+.. 
a-Naphthylamine...........eeeeeeese 


Mol. rot. 15°, 
16 ‘969 
17 066 
25 879 
25 °163 
22°888 


35 994 
47 °377 


26 *239 
18°617 


22 *842 


20 °567 
19 °624 
34 °878 
37 °478 


8-Naphthylamine..........+.+sseeees 


m-Phenylenediamine.........+++se0+5 


o-Phenylenediamine..........++ ++ 
Phenylhydrazine .........++++- 


Pyridine... ...ceeseseces 
Quinoline......... 


Tetrahydro-a-naphthylamine ar .. .. 
Tetrahydro-8-naphthylamine ae .. 
Tetrahydroquinoline .......eeeseseees 


m-Toluidine 
o-Toluidine canine Ses warila 


p-Toluidine........ 


18 *843 


19 *391 
18 :061 
8 *748 
20°875 
20 °058 
16°147 
19 619 
16 °210 
17 *200 


16 188 


Amine Hydrochlorides. 


Aniline (dry) 


9 - GORD) cece cccccvvcce eves. 
Dimethylaniline (dry)......+.+eseeees 
9 (sol. strong).......+ 


- (sol. weak) 


o-Dimethyltoluidine (in sol.) ..... 
p-Dimethyltoluidine (in sol.).......... 
m-Phenylenediamine (in sol.) .... 
o-Phenylenediamine (in sol.)........+. 
p-Phenylenediamine (in sol.).... 


Phenylazoimide .......... 


16 °394 
15°547 
18 326 
17 604 
17 *351 
18 *705 
18 °465 
20 *345 
21 °329 
20°213 


Azoimide. 


14769 


Page. 

1181, 7205, 1244. 

1181, 1205, 1244. 

1108, 1208, 1245. 

1099, 1100, 7208, 1244. 

1064, 1099, 1100, 1108, 1156, 
1207, 1232, 1244. 

1108, 1138, 1156, 7273, 1233, 
1245. 

1108, 1138, 1156, 7272, 1234, 
1245. 

1109, 1275, 1246. 

1108, 1188, 1156, 7277, 1233, 
1245. 

1108, 1138, 1156, 7277, 1233, 
1245. 

1099, 7208, 1244. 

1099, 1207, 1244. 

1101, 1157, 7208, 1232, 124}. 

1064, 1107, 1184, 1155, 1160, 
1211, 1245. 

1107, 1134, 1155, 1160, 7272, 
1233, 1245. 

1109, 1131, 1155, 7274, 1232, 
1245. 

1104, 1109, 1131, 7274, 1243:- 

1104, 7209, 12435. 

1115, 1274, 1245. 

1115, 1117, 1214, 1245. 

1104, 1106, 7273, 1245. 

1104, 1106, 1273, 1245. 

1117, 1214, 1245. 

1131, 7270, 1245. 

1104, 1131, 1155, 1159, 7270, 
1245. 

1181, 1155, 1159, 7209, 1245. 


1111, 1159, 1278. 

1111, 1159, 1278, 1235, 1246. 
1110, 1158, 1218, 1235, 1246. 
1110, 1158, 1220, 1235, 1246. 
1110, 1221, 1246. 

1111, 1131, 1189, 7222, 1246. 
1111, 1181, 1139, 1221, 1246. 
1112, 1132, 1223, 1246. 

1112, 1132, 1222, 1246. 

1112, 1182, 1223, 1246. 


1098, 1154, 1209, 1232, 1245. 


PERKIN: MAGNETIC ROTATORY POWER, 


' Haloid Compounds. 


Substance. Mol. rot. 15°. Page. 


Benzenesulphonic chloride...... 


Benzoic chloride 


Benzylic chloride......++ +0005. 
Bromobenzene ...- eee sscccceecees 
o-Bromotoluene .....c.cccccccceseccs 
p-Bromotoluene .... e+e seeeeeeeeee 
m-Chloraniline ......cccecseccerecs 
p-Chloraniline ........6eseee seceeee 
Chlorobenzene .......ccscccesecccens 
o-Chlorotoluene ......-cecesseesecs 
p-Chlorotoluene.........-. 
p-Dichlorobenzene ....++ es seeeees 


Fluorobenzene .......- 


I osc o-eeanles oneatae pact 
Phthalic chloride os oc cecccccccccsvcce 
RU GROUUED 0 4.0:6:5 0:60!) v's 6 000 ip 


Acenaphthene, .. +... ee seeeceeeeeees 
Allylbenzene....eeseeeseeeceeres 


aca ciddbadid ews anne kb Hereice Go 


iso-Butenylbenzene ......++seseee sees 
iso-Butylbenzene .........- 


Cinnamene. . 


Cymene (methylisopropyibensene) . . 


Dibenzyl .. 


a Oe occ ccvececcere 


Diphenylmethane.... 


Ethylbenzene......seseeececeeeeeene 


Hydrindene (coal tar)........+2+6 


»  (synthetical) 


Indene (coal tar average)..........+.. 
9  (synthetical) ......5- 02 cesses 


Mesitylene......cecesesessceseeeeens 
nee geen edema tea: 


Phenanthrene.. 


Propylbenzene ....-ceesesssececececs 
io-Propylbenzene (eumene) es 


Pseudocumene . 
Stilbene...... 


ID irc a bike ere wiemneia na 


14°167 
12 °385 
14°014 
14°506 
15 °674 
15 °167 
16-969 
17 066 
12°510 
13°719 
13 *246 
13 °655 
9-970 
19-108 
14°183 
14-091 


Hydrocarbons. 


11238, 1205, 1244. 
1121, 1205, 4244: 
1120, 1203, 1243. 
1064, 1118, 1119, 
1131, 1203, 1243. 
1064, 1181, 7204, 
1106, 1205, 1244. 
1106, 1205, 1244 
1064, 1118, 1119, 
1131, 1203, 1243. 
1131, 1203, 1243. 
1120, 1202, 1243. 
1118, 1119, 1162, 
1064, 1118, 1119, 
1205, 1244. 

1122, 1205, 1244. 


1088, 1089, 7/96, 1242. 

1084, 1126, 1143, 1149, 
1246. 

1064, 1082, 1084, 1085, 
1241. 

1148, 1224, 1229, 1246. 

1082, 1083, 1792, 1247. 

1143, 1149, 1224, 1246. 

1125, 1194, 1242. 

1085, 1086, 1795, 1242. 

1085, 1087, 1089, 1153, 
1230, 1242. 

1064, 1085, 1086, 1152, 
1230, 1242. 

1079, 1082, 1083, 1094, 
1192, 1241. 

1196, 1229, 1242. 

1083, 1144, 1153, 7797, 

1196, 1230, 1242. 

1083, 1144, 1153, 7797, 
1242. 

1064, 1130, 1793, 1241. 

1064, 1088, 1089, 7795, 

1088, 1151, 1796, 1242. 

1082, 1083, 1094, 1792, 

1082, 1083, 1084, 7794, 

1064, 1130, 1793, 1241. 

1150, 1225, 1246. 

1064, 1082, 1083, 1085, 1125, 
"1191, 1241. 


ESPECIALLY OF AROMATIC COMPOUNDS, 1255 


Substance. Mol. rot. 15°. Page. 
Triphenylmethane........+--+se+++++ 36°011 1085, 1086, 1152, 7795, 1230, 
1242. 
meXylONe .. se ceeceeceseeeceseceesees 12°859 1180, 1159, 1799, 1229, 1241. 
O-xylene.... 2. sess eeceeeeeceeecesess 13°345 1130, 1159, 1792, 1229, 1241. 
pexylene ....sseceeececeseceseeesese 12°810 1180, 1159, 1993, 1229, 1244. 


Ketones. 


Acetophenone 12°5 1064, 1091, 1092, 7200, 1243. 
Benzophenone ......++-+ee cece eeeeee 23° 1064, 1091, 1093, 7207, 1243. 
Benzylidene-acetone ..........--++--+ 19°2% 1145, 7229, 1247. 
COMRNNEE 6b obs cceisicesccsness TS 1201, 1243. 

Hydrindone .....--2.--eeeeeseseeees 137 1093, 72017, 1243. 

Phenyl ethyl ketone .......... ...+++ 18°635 1091, 1098, 1207, 1243. 


Nitriles. 


BensOniteWe 6k cccccdscvcvccccscccsse LECBT. 1006, 1906, 4944. 
Benzylic cyanide ......++..e++++++++4 12°472 1097, 1206, 1244. 
a-Naphthonitrile ................ «. 24°788 1097, 1137, 1206, 1244. 
8-Naphthonitrile ............-++++0++ 26°264 1187, 1206, 1244. 
o-Tolunitrile ...cccccccscccsessssccce 13°980 1006, 1187, 1206, 1244. 
p-Tolunitrile..........s0eeeeeeeeeees 12°999 1187, 1206, 1244. 


Nitro-compounds. 


m-Dinitrobenzene......-+.2++++-++++ 9°647 1095, 7787, 1239. 
Nitrobenzene .........--+-2eee0- «es 9°8361 1064, 1094, 7780, 1239. 
o-Nitrotoluene.......++...+.-++-s++-+ 10°806 1095, 1181, 1162, 1787, 1239. 
p-Nitrotoluene ........-+e++eeeeeeee2 10°214 1095, 1181, 1787, 1239. 
a-Nitronaphthalene............+.++++ 20°840 1096, 7187, 1239. 


Phenols and Derivatives. 


AMMMAIE Cbs scdarkcctssicsosev veces BEG - TGS, Cape eee: 
Oarraeeel....c i vicdccaisstdecssccsses EOS TRG vees, coe. 
Creosol......seccccee ceccececeeess 16°05 1127, 1185, 1785, 1240. 
COON 5g c5 ic kb ca Seiwceccccccce, TUR TST, (C5, OR, 

WORE Soccka chad ¢oiccicanessnae JB97G. 1500, (0S, OR. 
O-Cresol...cccccrscccccceccceccessece 18°882 1126, 1120, 1482, 1239. 
p-Cresol... ...0ccees wesoeee 12°869 1129, 7782, 1239. 

O- Dimnethoayhennns (reratrole). .seee+ 16°837 1127, 1135, 1159, 7788, 1240. 
Dimethylhomopyrocatechol .........+. 17°484 1127, 1185, 1788, 1240. 
Dimethylquinol ..........s0++-+++ee+ 16°717 1064, 1136, 1788, 1240. 
Dimethylresorcinol .......-....++++++ 16°108 1127, 1159, 1787, 1240. 
Bagenel.ccccccccscvesscccccescceess MSGR 11468, 1987, 1867. 
ta0-EKugenol.s..ccscosccssseccscccees 2L°469 1147, 9927, 1247. 

Gusincol ......ceccceccceccseceeesss 14°689 1127, 1185, 1788, 1240. 
Homopyrocatechol.......++.++0-+++-. 13°306 1185, 1783, 1239. 

a-Naphthyl ethyl oxide............... 82°237 1064, 1134, 1160, 1789, 1231, 

1241. 

8-Naphthyl ethy] oxide. .............. 80°658 1184, 1160, 1790, 1237, 1241. 
Phenol. . ieie'e's ecccccecccccece 12°140 1064, 1000, 1787, 1939. 
Phenyl allyl ia. ccocecececees 17°184 1064, 1141, 7225, 1247. 
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Substance. 
Pheny] iso-butyl oxide.... 
Phenyl ethyl oxide..... 
Phenyl methyl oxide... . 


Phenyl octyl oxide .......++5 seeseees 
Phenyl propyl oxide ........s+eeeeeee 
Phenyl] iso-propyl oxide ...... 


Pyrocatechol .... 


Resorcinol 
Thymol.. ‘ 
p-Te?r} allyl othe. 


m-T. ayl mesthyl oxide .. .. Srerere ier 


o-Tolyl methyl oxide... . 
p-Tolyl methyl oxide........ 


Trimethylpyrogallol........ 


Mol. rot. 15°. 


17 332 
15 °129 
13 *958 


21 °446 
16 *187 
16°201 
13 -022 
13 029 
12 *285 
16-120 
17 ‘571 
14°646 
15°190 


14°712 


17 *201 


Page. 
1080, 1081, 1786, 7240. 
1080, 1081, 7786, 7240. 
1080, 1081, 1090, 1127, 7786, 
1240. 
1080, 1081, 1486, 1240. 
1080, 1081, 7786, 7240. 
1080, 1081, 7786, 7240 
1127, 1130, 1135, 7784, ; 
1127, 1165, 1240. 
1127, 1130, 7084, 1239. 
1064, 1132, 7783, 1239. 
1141, 1226, 1247. 
1127, 1130, 1159, 7787, 
1127, 1128, 1130, 1159, 
1240. 
1127, 1128, 1130, 1159, 7 
1240. 
1064, 1127, 7189, 7247. 


Salts: Ethereal Salts of Aromatic Acids. 


Allylic benzoate...... 

Butylic benzoate ..........0+00 
iso-Butylic benzoate ........-sese+e05 
Ethylic anisate ..........+eeeeeceeees 


Ethylic benzoate .......... 


Ethylic benzoylacetate ...........e006 


Ethylic cuminate 
Ethylic cinnamate 


Ethylic hydrocinnamate..........-0+. 
Ethylic m-methoxybenzoate.. .....+.. 
Ethylic methylsalicylate.......... 


Ethylic a-naphthoate... 
B-naphthoate ...... 
phenylacetate 
phthalate 
isophthalate 


terephthalate .....6.0..eeeeee 


nO na 
Ethylic o-toluate . 


Ethylic p-toluate . eases 


Methylic bemeente . 


| odaseeiate . 


»,. B-o-methoxyacrylate .. 


gg RAAB FENND. 0. se eccccscecccess 
Ooctylic benzoate... .....0ccceccceccces 


Propylic benzoate.... .....- 
iso-Propylic benzoate ,<.... 


15 °722 
15 °952 
16 048 
17° 285 


13 *854 


16 °411 
17 °093 
20-006 
16-169 
16 °679 
17156 


27°161 
27°360 
14.982 
16 ‘909 
16 ‘942 
16°117 
15 *366 
15 *065 
14°744 
12°743 
21°891 
22 °359 
14.°266 
19 992 
14°873 
14°950 


1141, 1226, 1247. 

10738, 1074, 1078, 7774, 1238. 

1073, 1074, 1175, 1238. 

1128, 1136, 1160, 1776, 123/, 
1238. 

1073, 1074, 1077, 1078, 1094, 
1125, 1174, 1237. 

1064, 1178, 1238. 

1125, 1176, 1238. 

1145, 1149, 7228, 1247. 

1064, 1077, 1078, 7775, 1238. 

1180, 1176, 1238. 

1127, 1128, 1230, 1160, 7776, 
1231, 1238. 

1187, 1161, 1179, 1237, 1238, 

1137, 1161, 1779, 7232, 1238. 

1077, 1175, 1238. 

1064, 1132, 11777, 1238. 

1182, 1177, 1238. 

1132, 1178, 1238. 

1126, 1127, 1776, 7238. 

1096, 1097, 1130, 7777, 

1130, 1177, 1238. 

1073, 1074, 1094, 7773, 

1147, 1228, 1247. 

1147, 1228, 1247. 

1176, 1238. 

1078, 1074, 1775, 1238. 

1078, 1074, 1774, 1237. 

1073, 1074, 1078, 1774, 
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Salis: Phenylic Salts of Fatty Acids. 


Substance. Mol. rot. 15°. Page. 
Phenylic acetate...........0.+++++++. 12°953 1064, 1075, 1076, 7779, 
butyrate .......sccccceceee. 14°76L 1075, 1076, 1078, 7780, 
cnanthate.................. 17°928 1064, 1075, 1076, 1078, 
1239. 
propionate ..........-+..++. 18°673 1075, 1076, 1078, 1779, 


Sulphur Compounds. 


Benzylic sulphide............+e+e++++ 29°216 1124, 1204, 1244. 
Carbon bisulphide ... ............+-- 10°751 1123. 

Phenylic sulphide ..........-......+- 29°668 1064, 1124, 1204, 1243. 
THIGOATORA 4. ice cceirccecccss SECS LUSK 9906, 0856. 
Thigphem .ccccccsccccccccscccccccee 9°S7S LINZ, 1804, 1246. 


LXX.—The Three Chlorobenzeneazosalicylic acids, 
By J. T. Hewrrt, M.A., D.Se., PhD., and Henry E. Stevenson. 


Some years back one of us prepared orthochlorobenzeneazophenol 
(Ber., 1893, 26, 2975, and 1895, 28, 799) with the intention of 
attempting to remove the elements of hydrogen chloride so as to 


obtain in a simple manner a monhydroxydiphenyleneazone, according 
to the equation 


NN 
The parent substance, diphenyleneazone, was described in 1891 by 
Ernst Tauber (Ber., 24, 3085), who obtained it by the reduction of 
orthodinitrodiphenyl with sodium amalgam in methyl alcoholic 
solution. 
< >< _) +8H = 48.04 < >—<_>: 
NO, NO, Nese” 
a Ss 
The chlorine of the orthochlorobenzeneazophenol proved, however, 
to be firmly bound to the benzene nucleus, and continued heating 
with potash solution in sealed tubes failed to remove hydrogen 
chloride. Thinking that orthochlorobenzeneazosalicylic acid might 
be more suitable for such a synthesis, we prepared the latter com- 
pound, and, although in this case we found it impossible to remove 
hydrogen chloride by inorganic bases, yet it is readily eliminated by 
aniline and other aromatic bases, with production not of phenylene- 
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avone derivatives, but of compounds which must be classed with the 
indulines. 

Orthochlorobenzeneazosalicylic acid was prepared by diazotising 20 
grams of orthochloraniline dissolved in 55 grams of fuming hydro- 
chloric acid (sp. gr. 1:19) and 150 grams of water with a solution of 
11 grams of sodium nitrite in 30 grams of water. After the whole of 
the sodium nitrite had been added, the diazo-solution was allowed to 
stand a few minutes, and then poured into a solution of 22 grams of 
salicylic acid and 32 grams of caustic soda in 200 grams of water. 
The solution, which immediately assumed a bright orange-brown 
colour, was allowed to stand for an hour, then filtered (after addition 
of sufficient water to dissolve the sodium salt, some of which had 
separated), and precipitated by hydrochloric acid. The precipitate 
of the azo-acid was collected, thoroughly washed, redissolved in warm 
ammonia, filtered, and reprecipitated by hydrochloric acid, and the 
precipitate, after being washed, was recrystallised from alcohol and 
finally dried at 100°. The acid was thus obtained in yellow aggre- 
gates of crystals which melted at 194°, the yield being 33 grams. 

The analysis gave numbers which agreed with the formula 
C,;H,Cl-N-N-C,H;(OH)-COOH. 


C. H. N. 
Calculated for C,,H)»N.ClO; ....... 5642 3:25 10°13 


Found .... -- 5629 332 10°77 


Orthochlorobenzeneazosalicylic acid is insoluble in water, and only 
sparingly soluble in chloroform and cold benzene ; it is dissolved by 
hot toluene, and appears to be more soluble in xylene, whilst in light 
petroleum it is insoluble. It is dissolved also by carbon bisulphide, 
amylic alcohol, glacial acetic acid, nitrobenzene, and aniline, whilst 
hot ethylic alcohol, ether, and acetone dissolve the substance with 
great ease. 

The ammonium salt was prepared by dissolving the acid in hot 
dilute ammonia, boiling off the excess of ammonia, and concentrating 
the solution. Analysis showed that one hydrogen atom (that of the 
carboxyl group) had been replaced by ammonium. 

Calculated for 
C,;H,N,C10,(NH,). Found. 
14°74 


The potassium salt was obtained by boiling a solution of potassium 
carbonate (0°5 gram in 20 c.c. water) with rather more than the 
calculated quantity of the azo-acid (2°2 grams) ; when all the carbon 
dioxide was expelled, the solution was filtered hot, and the potassium 
salt allowed to crystallise. When cold, it was collected, washed 
with a little cold water, dried at 100°, and analysed. 
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Calculated for 
C,3HsN,C10,K. Found. 


KH wcccces sosce 1980 12°14 


The neutral ammoniacal solution of the acid gave the follow- 
ing precipitates with metallic solutions :—Silver salt, brownish- 
yellow ; mercurous salt, brownish-yellow, flocculent; mercuric salt, 
yellow, crystalline; lead salt, brown, crystalline; cupric salt, dark 
reddish-brown; ferrous salt, dark brown; ferric salt, black; zinc 
salt, red; magnesium salt, brown; calcium salt, pale yellow, crystal- 
line ; barium salt, yellow, crystalline. 

The silver salt was dried at 110° and analysed. 

Calculated for 
C)3HgN.ClO3Ag. Found. 
28°16 27°93 

The methylic salt was obtained by boiling with methylic alcohol and 
sulphuric acid in a reflux apparatus for four hours. For each gram 
of acid, 10 c.c. of methylic alcohol and 1 c.c. of pure sulphuric acid 
were employed; at the end of the time stated, the alcoholic solution 
was poured into about 60c.c. of water, rendered slightly alkaline 
with sodium carbonate, and, after standing over night, the precipitate 
was collected and well washed, first with dilute sodium carbonate 
solution, and then with distilled water. It melted between 110° and 


115°, but on recrystallisation from alcohol it was obtained as yellow 
needles which melted sharply at 109°. A chlorine estimation was 
made, 


Calculated for 
C,,H,,N3C10. Found. 


Chissesecsssss. DD | 11°81 


Methylic orthochlorobenzeneazosalicylate is insoluble in water, 
soluble, however, in ether, chloroform, acetone, benzene, alcohol, 
carbon bisulphide, toluene, xylene, and nitrobenzene, whilst it is 
sparingly soluble in cold glacial acetic acid, amylic alcohol, and light 
petroleum. 

The ethylic salt was prepared in a similar manner, but in this case 
it was found necessary to first extract the dried crude product with 
chloroform, and, after removal of this solvent by evaporation, to re- 
crystallise from alcohol. The substance melted not quite sharply 
between 90° and 96°. Analysis of the dried substance gave the fol- 
lowing result. 


Calculated for 
C,;H,,N,C103. Found. 


11°58 
The solubilities of this salt are the same as those of the corre- 
sponding methylic compound. 
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Action of Aromatic Primary Bases on Orthochlorobenzeneazosalicylic acid. 


Continuous heating of the acid with ammonia solution (sp. gr. 
0°880) for some hours at a temperature of 175° failed to effect the 
elimination of the elements of hydrogen chloride, and, on acidifying 
the solution, the acid was precipitated unchanged. We next tried 
the action of aniline, and, after many trials, some carried out in sealed 
tubes, some in flasks with reflux tubes, also with and without the 
addition of aniline hydrochloride, found that the best results were 
obtained by operating in the following manner. Orthochlorobenzene- 
azosalicylic acid was mixed with four times its weight of aniline and 
heated in a flask, provided with a reflux tube, for three hours at such 
a temperature that the aniline was kept in gentle ebullition. The 
colour of the liquid soon darkened, and a sublimate of ammonium 
chloride was obtained in the lower end of the reflux tube. At the end 
of the time stated the melt, which had become dark red, was treated 
with excess of hot, dilute caustic soda solution and freed from excess 
of aniline in a current of steam; during this operation, a faint odour 
of carbamine is noticeable. As soon as the whole of the aniline had 
distilled off, the soda solution was filtered from the residue which now 
became quite hard on cooling, and the bright, violet filtrate treated 
with hydrochloric acid. In this way avery small precipitate was 
obtained, the chief product of the action being insoluble in alkali ; 
this residue was now extracted with hydrochloric acid, very little 
being removed by this treatment. We still had to deal with a mix- 
ture of substances, a reddish-brown one and a dark violet compound, 
which forms the greater portion. At first we tried to separate these 
two by means of ether, the brown substance being more soluble, but, 
after some time found that we could not remove all the brown com- 
pound without losing a considerable portion of the violet substance. 
Advantage can, however, be taken of the fact that whereas both sub- 
stances are readily soluble in chloroform, only the violet substance is 
precipitated from this solution by the addition of light petroleum. 
The separation was, therefore, effected in this way, and the violet 
substance, now in the form of a violet crystalline powder, was re- 
peatedly washed with light petroleum on the filter until the wash- 
ings were colourless. The substance was dried at 100°, and then 
analysed, the numbers obtained agreeing with the empirical formula 
C,;Hi,N;0.. Chlorine was qualitatively proved to be entirely absent. 

C. H. N. 
Calculated for C.;H,;,N,0O. .... 76°73 4°35 10°74 
76°71 4°80 11:06 

This substance seems to have quite neutral reactions, as it is 

insoluble in alkalis and in dilute acids. Strong sulphuric acid takes 
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it up with a dark indigo-blue colour, but it is reprecipitated on the 
addition of water. It is easily dissolved with a very similar colour 
by glacial acetic acid; the addition of water does not effect a very 
thorough seprecipitation, although the shade becomes a reddish-violet 
on dilution. Most of the solutions are violet, e.g., in acetone, alcohol, 
amylic alcohol, and chlorofurm ; ether dissolves it with a red colora- 
tion, much the same shades being observed in the case of carbon 
bisulphide, toluene, and xylene, in which three solvents it is only 
sparingly soluble. It is also soluble in aniline and nitrobenzene, but 
quite insoluble in water and light petroleum. 

From the formula of the substance and the observed formation of 
ammonium chloride, we are inclined to write the equation repre- 
senting the change in the following way. 


C,;H,N.C10; + 2C,H;'NH, = H,0 + NH,Cl + C.;H,;N;02. 
The substance seems to be very probably an anilide of a benzindul- 


onecarboxylic acid; from the mode of formation, it would have one 
of the two following formule 


N 
/\/\N/\ c0-NH-CsH, 
L | | | o & | 


AA/7” 
N 


OH, 

The first formula seems more probable, as it would avoid so great 
an accumulation of substituent groups in the ortho-position relatively 
to one another. 

In support of this view, we endeavoured to remove the anilido- 
group, and thus obtain benzindulonecarboxylic acid; so far, however, 
the results obtained have not been very satisfactory, as, after heating 
in a sealed tube with excess of fuming hydrochloric acid for three 
hours, at 140—170°, a large portion of the substance was recovered 
unchanged. We, however, hope to come back to this reaction at a 
later date. 

It was mentioned above that on extracting the melt with caustic 
soda, a violet-coloured solution was obtained, and that this, on acidifi- 
cation, yielded a small amount of a dark-coloured precipitate. The 
quantity of this was very small, insufficient to attempt a recrystal- 
lisation ; it was consequently collected, thoroughly washed, and dried 
at 100°. <A determination of carbon and hydrogen gave numbers 
which agreed approximately for a benzindulonecarboxylic acid; a 
near agreement was not to be expected, as the substance was obviously 
impure. (Calculated for C,y)H,N,O;: C = 72°15, H = 38. Found: 
C = 73:15, H = 46. _ Qualitative examination showed a mere trace 
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of chlorine.) From this it would appear that benzindulonecarboxylic 
acid is first formed, and that this is directly converted into the corre- 
sponding aunilide. 

We venture to represent the formation of the acid by the following 
scheme, in which the tautomeric hydrazone formula for the azo-acid 


is employed. 
N 
\4ZSN7\cooH 


AM: : 
N 
C,H; 

Possibly an intermediate compound is formed, just as in the case 
of the ordinary induline synthesis dianilidoquinonedianilide is first 
produced ; we have not, however, in numerous experiments observed 
any compound of this type, and from the fact that both ammonia and 
hydrogen chloride are obtained in the synthesis just described, there 
can be no doubt that the benzene nucleus of chlorobenzeneazosalicylic 
acid takes up the position assigned to it in the formule given above. 
We hope to confirm our views by the conversion of orthochloro- 
benzeneazophenol into benzeneindulone by direct treatment with 
aniline. This indulone has already been obtained by Otto Fischer 


aud Eduard Hepp, by heating phenylinduline with a mixture of 
hydrochloric and acetic acids, or with dilute salphuric acid (Liebig’s 
Annalen, 1891, 266, 249). 

Metachlorobenzeneazosalicylic acid has already been shortly described 
by one of us (Ber., 1894, 28, 803). 

The ammonium salt prepared by concentrating the ammoniacal 
solution was analysed, after drying at 100°. 


Calculated for 
C,3HgCIN2O3-N Hy. Found. 
14°31 14°62. 


The solution of the ammonium salt gave precipitates with many 
metallic solutions. Mercurous salt, light buff precipitate; mercuric 
salt, buff precipitate; silver salt, yellow; lead salt, buff; copper salt, 
dark red precipitate; cobalt salt, brown; zinc salt, light brown ; 
magnesium salt, brown; ferrous salt, very pale yellow; ferric salt, 
black ; calcium salt, yellow ; barium salt, yellow. 

The silver salt was collected, washed, dried, and analysed. 


Found. 
Calzulated for a, 
Cis H,CIN,O3Ag. I. II, 
28°16 27°65 27°8 
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The barium salt was also analysed, giving the following results, 
after drying at 100°. 


Found. 
Calculated for o-oo 
(C,3H;CIN.O;);Ba. 3 I. 
19°05 19°57 
The potassium salt, prepared in a similar way to the corresponding 
salt of the ortho-substituted acid, gave the following result after 
drying at 100°. 
Calculated for 
C,;H<CIN.O,K. Found. 


Becescesnss TS 11°54 


The methylic salt was prepared in exactly the same way as methylic 
orthochlorobenzeneazosalicylate. The crude product melted at about 
108°, but, after solution in chloroform and recrystallisation from 
alcohol, from which solvent it was obtained in yellow needles, it 
melted sharply at 114°. 


Calculated for 
Cis ,,CIN.O3. Found, 


57°83 57°47 
soseveoe 12°22 12°41 
The ethylic salt, after recrystallisation from alcohol, melted at 
102—103°, A chlorine estimation gave the following result. 


Caleulated for 
C,;H,;CIN.O3. Found, 


11°76 
Both these ethereal salts exhibit solubilities closely resembling those 
of the orthochloro-substituted compounds. 
Parachlorobenzeneazosalicylic acid was prepared by adding a diazo- 
tised solution of parachloraniline hydrochloride to alkaline salicylic 
acid. By recrystallisation from alcohol the acid was obtained as 
small, crystalline aggregates, which melted at 237°. A nitrogen 
estimation was made, after drying the substance at 100°, 
Calculated for 
C,3H_CIN,O3. Found. 
9°99 
The acid is insoluble in water, chloroform, light petroleum, and 
carbon bisulphide, sparingly soluble in glacial acetic acid and benzene, 
soluble in cold acetone, ethylic alcohol, amylic alcohol, and ether, 
whilst it is taken up by toluene, xylene, and aniline on heating. 
The potassium salt was prepared, as in the previous cases, and an 
estimation of the metal made after it had been dried at 110°, 


Calculated for 
C,3;H,CIN,O;K. Found. 


K ccccceeee 12°40 12°61 
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The ammonium salt furnished the following percentage of nitro- 


gen. 
Calculated for 
C,3H,CIN,03-NH,, Fo und. 


MM cccses 13°97 


Its solution gave the following precipitates with metallic solutions. 
Silver salt, yellow precipitate; mercurous salt, light buff; mercuric 
salt, buff; lead salt, buff; copper salt, dark red precipitate; cobalt 
salt, brown; zinc salt, light brown; magnesium salt, brown; ferrous 
salt, yellow; ferric salt, black; calcium salt yeliow; barium salt, 
yellow. 

The barium salt, recrystallised from hot water, and air-dried, gave 
up 5°6 per cent. of moisture when heated for some time at 110°; the 
formula Ba(C,;HsCIN,O;)2,2H,O, requires 5:0 per cent. 

The silver salt was analysed, with the following result. 

Calculated for 
C,3HCIN,O,Ag. Found. 
28°16 28°33 

The methylic salt, after recrystallisation from alcohol, melted indefi- 
nitely about 150°. On account of the slight solubility of the com- 
pound in chloroform, the method of purification adopted in the case 
of the corresponding meta-compound had to be modified; the sub- 
stance was therefore taken up in a mixture of 1 part of acetone and 
2 parts of chloroform; after cooling, the solution was filtered, and 
the residue recrystallised from alcohol. In this way, yellow needles 
were obtained, melting sharply at 152°. 


Calculated for 
C,4H,,CIN,O3. Found. 
57°45 
4°24, 


The ethylic salt, prepared in a similar manner by heating the acid 
with ethylic alcohol and sulphuric acid, was well washed with dilute 
sodium carbonate solution and distilled water, dried thoroughly, 
taken up in chloroform, andthe solution filtered ; the residue left on 
evaporation, when recrystallised from alcohol, gave yellow needles, 
melting at 113°. The analytical results were as follows. 

C. H. N. 
Calculated for C,;H,,;CIN,O3.... 59°11 4°27 11°66 
58°07 4°28 12°25 


With the exception of the slight solubility of ethylic parachloro- 
benzeneazosalicylate in chloroform, the solubilities of the two ethereal 
salts described are almost exactly the same as those of the corre- 
sponding ortho- and meta-chlorosubstituted compounds. 
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With regard to the etherification of the acids described, we may 
add that the three methylic salts were prepared under precisely similar 
conditions. Exact quantities of the acids were heated under the 
conditions stated in the case of methylic orthochlorobenzeneazo- 
salicylate, in the same water bath (temperature during etherification, 
80° to 83°) at the same time. Moreover, as a control, a weighed 
amount of unsubstituted benzeneazosalicylic acid (Stebbins, Ber., 
1880, 13, 716) was likewise converted into its methylic salt ; the latter 
compound in its crude condition melted at 104°; the melting point 
was raised to 106° by a recrystallisation from alcohol. Dried and 
analysed, the following results were obtained. 

C. H. N. 
Calculated for C,,H,.N,03...... 65°63 4°69 10°94 
Found ...... 65°39 494, 11°41 


In the same way, when preparing the ethylic salts, we also made a 
specimen of ethylic benzeneazosalicylate at the same time, which in 
the crude condition melted at 87—90°, after recrystallisation from 


aleohol at 88—89°. 


Calculated for 
C,;H,4N-O3. Found. 


66°15 
5°34 
Potassium benzeneazosalicylate, after drying at 100°, gave the fol- 
lowing percentage of potassium. 


Caleulated for 
C:3H N2O3K. Found. 


13°96 


East London Technical College, 
People’s Palace, London, E. 


LXXI.—The Condensation of Chloral with Resorcinol. 
By J. T. Hewirt, M.A., D.Sc., Ph.D., and Frank G. Pops. 


AxouT six years ago the action of chloral on resorcinol in the pre- 
sence of a condensing agent in aqueous solution was studied by H.- 
Causse (Bull. Soc. Chim., 1890, [3], 3, 861), who obtained by this 
means a compound to which he assigned the formula CyH,O, His 
method of procedure consisted in dissolving 100 grams of resorcinol 
and 20 grams of hydrogen sodium sulphate in 1 litre of water, adding 
50 grams of chloral hydrate, and allowing the mixture to stand for 
some time, when colourless crystals were obtained, which, on heating, 
lost a molecule of water, and were converted into a yellow substance, 
VOL. LXIX. 4p 
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C,H,0;. The latter was also deposited on heating the solution in 
the first place instead of allowing it to remain at the ordinary tem- 
perature. Causse also obtained the compound C,4H,,0, by the con- 
densation of resorcinol with glyoxylic acid, and concluded that it was 
formed according to the equation 


CCl,,CH(OH), + 2C,H,(OH), = (OH:C,H,O),CH-COOH + 3HCI. 
The anhydride would then have the formula 
OH 


CSogteg >, 
co O 


This looks improbable, as the lactone ring would consist of a 
7-membered chain, and, moreover, it would involve ring closing in 
the case of meta-substituents. 

Causse further stated that the compound of the formula C,,H,.0, 
yielded a diacetyl derivative of the formula C,,H,O.(CO-CH;). when 
heated with acetic anhydride, and that this melted and decomposed 
at 252°. 

Some time afterwards, Mohlan, in studying the reaction of various 
aldehydes with resorcinol, showed that usually the reaction followed 
the course indicated by the equation 


2C,H,(OH), + R-CHO = H,0 + R-CH[C,H;(OH),).. 


The tetrahydroxydiphenylmethane derivatives produced undergo 
further condensation and also oxidation, when subjected to the action 
of concentrated sulphuric acid, hydroxyfluorones being obtained. 


C.H;:0 
R-CH[C,H,(OH),], + O = 2H,0 + RC >0. 
C,H,OH 
However, Méhlau did not examine the action of chloral, and as it 
seemed possible that we might be able to obtain a hydroxyfluorone- 


O:C.Hs. 
carboxylic acid, O< »e-COoH, we determined to reinvesti- 
HO:C,H; 
gate the reaction. 

We dissolved 100 grams of resorcinol, 50 grams of chloral hydrate, 
and 20 grams of hydrogen potassium sulphate in a litre of water and 
allowed the solution to stand for one month. Ouly a trace of crystal- 
line matter separated ; it should be mentioned that we were working 
during January, and that precautions were taken to prevent evapo- 
ration of the solution. We, therefore, heated the mixture on a water 
bath, taking about 12 hours to evaporate the solution to half. its 
volume ; it became darker in colour, and a considerable quantity of 


THE CONDENSATION OF CHLORAL WITH RESORCINOL. 1267 


yellow rosettes of needles separated, which were collected, well 
washed with water, and dried. The mother liquor gave a second 
crop on further evaporation. By recrystallisation from alcohol, the 
substance was obtained colourless, and gave numbers which agreed 
with the formula C,,H, 0s. 


Found. 
Calculated for oN 
I 


‘ II. 
64°66 65°07 
4°68 — 

As will be seen later, this substance is the lactone of an acid of the 
formula C,,H,.0.5. It was of interest to see whether it was capable of 
losing a further quantity of water, giving perhaps a compound 
C,,H,0,. We found, in agreement with Cansse’s statement, that the 
compound suffers some decomposition at 250°, being transformed 
into a dark-coloured mass, soluble, however, in alkalis with a 
brownish-red colour. To avoid this change we heated it in a stream 
of coal gas at a temperature of 190—200°, although we accidentally 
allowed the temperature to rise to 225° fora few minutes. This 
heating was continued for eight hours, and that it had effected no 
change beyond a slight darkening, was proved by a combustion, C = 
65°36; H = 3°95 per cent. ‘The compound contains three hydroxy- 
groups, as was shown by its conversion into an 

Acetyl Derivative.—This was effected by boiling it for two hours, 
with an excess of acetic anhydride, in a flask provided with a reflux 
tube; the contents were then poured into cold water, and, after some 
time, set to a crystalline mass, which was collected, washed, and 
recrystallised from acetic acid. Glittering, colourless leaflets were 
obtained, which melted at 149—152°. After recrystallisation from 
50 per cent. acetic acid, the melting point was observed at 152°, 
exactly 100° lower than the temperature given by Causse for the 
melting point of his diacetate. 

Calculated for 
C,,H,0;(COCH,)s. Found. 
62:22 
431 


The acetate is insoluble in water and light petroleum, sparingly 
soluble in ether, alcohol, and toluene, soluble in glacial acetic acid, 
chloroférm, and acetone. 

The behaviour of the substance of the composition C,,H,,O; to- 
wards bases is of great interest. With cold ammonia, or sodium 
hydroxide solutions, a magnificent purple solution is obtained, closely 
resembling the alkaline solution of phenolphthalein, but is of a 
slightly bluer shade. If, however, the alkaline solution be gently 

4p 2 


1268 THE CONDENSATION OF CHLORAL WITH RESORCINOL. 


warmed, the colour changes to orange, and the solution exhibits a 
brilliant green fluorescence. We are inclined to attribute this colour 
and fluorescence to slight oxidation, for if a pale orange ammoniacal 
solution, obtained in this way, be treated with a mere trace of zinc 
dust, the colour is completely discharged, whilst, on the other hand, 
the colour can be changed from pale orange to a very deep brown by 
drawing a current of air through the solution. 

On adding an acid to the purple alkaline solution, the substance is 
reprecipitated unchanged, whilst, on the other hand, moderately con- 
centrated solutions which have been warmed, and from which the 
purple colour has been removed, give no precipitate when acidified. 

The ammoniacal] solution, from which excess of ammonia had been 
removed by continued boiling, gave no precipitates with most 
metallic solutions, but with lead acetate a faint precipitate was 
obtained. This was filtered off, and by the addition of a few drops 
of ammonia to the filtrate, a pink, flocculent precipitate was obtained, 
which was collected, thoroughly washed, and dried at 100°; at higher 
temperatures this compound was found to become first dark blue, and 
finally brown. A lead estimation was made, the percentage of metal 
being found to be 66°18. A basic salt of the formula C,H,.0,,3PbO 
would require 65°71 per ceni. of lead. 

Barium Salt, Ba(C,,4H,,O,)2—As salts of the acid could not be 


obtained by precipitation, on account of their solubility in water, we 
prepared the barium salt by boiling 1 gram of the lactone with 
1 gram (an excess) of barium carbonate and 50 c.c. of water. The 
lactone passed slowly but completely into solution, carbon dioxide 
escaping. The hot filtered solution, which was orange coloured, 
owing to unavoidable oxidation, was concentrated, the residue 
thoroughly dried, and a barium estimation made. 


Calculated for 
Ba(C,4H,0¢)o. Found. 


Ba wccccocese IO 19°43 


The compounds C,H,.O, and C,,H,O; are thus seen to stand to one 
another in the relation of acid to lactone, the former easily soluble in 
water, the latter insoluble. Solutions of the salts of the acid give 
no precipitate in the cold when acidified, but, if the solution is 
heated, the lactone crystallises out; the purple solution gives, how- 
ever, an immediate precipitate of the lactone on acidification. From 
the result obtained on acetylation, it follows that the lactone still 
possesses three phenolic hydroxyl groups, and consequently the acid 
must have four, and is to be regarded as a tetrahydroxydiphenyl- 
acetic acid. The equation representing its formation will conse- 
quently be 


2C;H,(OH), + CH(OH),COl, = 83HCl + [C.H,(OH,)],CH-COOH. 
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Probably the constitutional formula is to be represented by I. 
This would explain the very ready formation of the lactone II— 


HO” ~ “Non 


IT. ite ite” 
. | oF 
Oo——CO 
and also show why the latter does not pass over into a derivative of 
diphenylenemethane oxide on heating to 200°. 
We must reserve our views as to the strongly coloured alkaline 
solution of the lactone for a future communication. 
East London Technical College, 
People’s Palace, London, E. 


LXXIT.—Double Sulphides of Gold and other Metals, or 
the Action at a Red Heat of Sulphur on Gold when 
alloyed with other Metals. 


By J. S. Mactaurin, B.Sc., University College, Auckland, New 
Zealand. 


In an investigation of the action of potassium cyanide solutions on 
such sulphides as commonly occur in gold-bearing rocks, I resolved 
to use, in addition to the natural minerals, such sulphides as could 
be prepared artificially. This led to an attempt to prepare com- 
pounds containing sulphide of gold. In the works at my disposal I 
find only one reference to the occurrence of sulphide of gold in 
nature.. In this case, the gold occurred in arsenical pyrites, and the 
chemist who studied it concluded that it was in the form of sulphide, 
because some of the gold was dissolved on digesting with sodium 
sulphide. 

Turning now to the artificial formation of gold sulphides, so far as 
lam aware every attempt to form these compounds in the dry way has 
failed. When, however, the gold is alloyed with silver, it is possible 
to convert both metals into sulphides. This was first proved, I 
believe, by Mr. Pattinson Muir in a paper read before the Glasgow 
Philosophical Society, in April, 1872. Mr. Pattinson Muir gave an 
analysis of a substance forwarded to him from the Thames, New 
Zealand; this had been formed in an attempt to refine gold by 
the old process of forcing sulphur vapour through the melted bullion. 
The sulphur was supposed to attack the silver only, forming sulphide 
of silver, but in this case the refiners found that, in addition to the 
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sulphide of silver, another compound was formed which they con- 
cluded must be a double sulphide of gold and silver, and which 
they forwarded to Mr. Muir as already stated. On submitting this 
compound to analysis, he obtained the results shown below, and 
deduced from them the formula 2(Au,8;),5(Ag,8). 
Calculated from formula. Found. 
16°17 
35°69 
49°27 


101°13 

In order to prepare a double sulphide by this method, I melted 
gold and silver together in a small porcelain crucible contained in a 
much larger plumbago crucible heated in a Fletcher’s gas furnace. 
One end of a piece of clay piping dipped under the surface of the 
molten bullion, which was covered with a thin layer of borax, the 
other end projecting outside the furnace. Sulphur vapour was forced 
through the molten metals by pouring a little melted sulphur down 
the clay pipe, the open end of which was then corked. When no more 
bubbles of sulphur vapour were seen to rise through the liquid metals, 
more sulphur was introduced, the tube again closed, and the process 
repeated continuously for about half an hour. After this the gas 
was turned out, and melted sulphur dropped into the inner crucible 
until the contents had solidified. The double sulphides were then 
separated from the borax and the unattacked bullion, and their 
composition determined in the following manner. An accurately 
weighed portion (about 0°5 gram) of the finely ground material was 
introduced into a porcelain boat, which was then placed in a porce- 
lain tube and exposed to a low red heat for three or four hours, a 
current of purified and dried hydrogen being paysed over it. When 
no more hydrogen sulphide was evolved, the tube was allowed to 
cool, the boat removed, and the crystals weighed. The difference 
between this weight and the weight of sulphides taken gave the 
sulphur lost. The gold and silver were afterwards parted by the 
ordinary assay method, and the gold weighed, the silver being taken 
by difference. Table I (p. 1271) contains the results. 

It will be seen that whilst the percentage of gold in the bullion 
before treatment with sulphur varies from 50 to 73, that of the gold 
sulphide varies only from about 34 to about 52. It seems remark- 
able that as the percentage of gold in the bullion used increases, that 
of the gold sulphide in the double sulphide decreases. 

With regard to the formula for sulphide of gold, from the above 
results it appears that no definite compound of the two sulphides is 
formed ; and it is further evident that gold sulphide, as prepared by 


MND OTHER METALS. 


Tasie I, 


Percentage of Weight of 
gold in the sulphides 
bullion used taken for 

in experiment. analysis. 


Calculated. 


015825 eee 0°17112 
0° 28685 2S .... 0°32936 
0 -05490 - 

_ 0 50048 
0°5 


0 °1499 ooee 091620 
0°2961 «s+. 0°3400 
0 ‘U560 

0 *5020 
0 5020 


0°14875 -.+. 0°16084 
0°29915 S.... 0°34348 
0°05640 - 

_ 0 °50432 
*5043 .»» 0°50430 


this method at any rate, has the formula Au,S. For, whilst Mr. 
Pattinson Muir gives toa compound prepared by the same method, 
only on a larger scale, the formula Au,S;, his methods of analysis 
were not sufficiently accurate to determine the degree of sulphuration 
of the gold. Speaking of these methods, he said: “I find that by 
gently heating (the compound) with strong sulphuric acid for a long 
time and subsequent treatment with hot water, it is possible to 
obtain all the silver in solution, the gold being left behind as a finely 
divided powder.” It is very probable, however, that some of the silver 
sulphide remained undecomposed and was weighed along with the 
gold: this perhaps would account for the analysis being more than 
1 per cent. too high. The worst of my results, as shown in the pre- 
ceding table, is within one-tenth of a per cent. of the calculated 
formula, whilst the other two are identical with it. 

Before I was aware that sulphides of gold and silver had been 
formed by the method just given, I had prepared them by exposing 
alloys of these metals to the action of sulphur at its boiling point ; 
in my first aitempts I heated thin strips of the alloys with sulphur in 
a small covered porcelain crucible, but found it almost impossible to 
know when to withdraw the heat. If continued until all the free 
sulphur was driven out of the crucible, slight decomposition of the 
double sulphides was sure to take place, whilst if any appreciable 
amount of sulphur remained unexpelled, on cooling, it ran down the 
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inside of the crucible and adhered to the sulphides. In order to pre- 
vent this, I placed the small crucible within a larger one, which was 
kept covered during the heating. The condensed sulphur now ran 
down between the crucibles and so gave no trouble. 

Alloys of known composition were carefully prepared in the follow- 
ing manner. Weighed quantities of gold and silver were separately 
cupelled, and the losses noted. The original weights of the two metals, 
plus the loss in each case, were then taken and cupelled together under 
conditions exactly the same as before. For example,—required an 
alloy containing 64°645 per cent. of gold; gold taken 0°32325 gram 
+ lead 0°97 gram and silver 0°17675 gram + lead 0°53 gram. After 
cupelling, the gold weighed 0°32275 gram, showing a loss of 0°0005 
gram, and the silver weighed 0175 gram, showing a loss of 
0°00175 gram. Therefore, to prepare the alloy required I took 
gold 0°32325 + 0:0005 = 0°32375 ; silver, 0.17675 + 0:00175 = 0°1785; 
and lead, 0°97 + 053=1°5. This, when cupelled gave a button 
weighing 0°5 gram. The alloy so prepared was rolled into a thin 
ribbon which was then rolled into a loose coil and exposed to the 
action of sulphur as already explained; the process being repeated 
until the weight of the coil remained constant. The following table 
contains some of the results obtained by this method. 


Taste II. 


Ag. Ag,+Au.| Ago+ Au. Ag + Au. 


Fineness of alloy.. _— 0 °2788 | 0°3137 | 0°4776 |0°6000 | 0°64645 
Weight (in ~eregde of 
alloy taken . 0 °4947 | 0°1805 | 0°46245 | 0°22385 |0°2932 | 0°1994 
Containing {42-..- o _ 0 °0503 | 0°14507 | 0°10675 | 0°17592| 0°12891 

Ag....| 0°4947 | 0°1302 | 0°31738 | 0°11675 | 0°11728| 007049 

Calculated Au,S .... —_ 0 -05438) 0°15686 | 0°11543 |0°19017 | 0°13939 
AgS ....| 0°56801) 0°1495 | 0°36441 | 0°13405 | 0°13487 | 0 08093 
Au and 
AgS.. _ 0 °20388) 0 °52127 | 0°24948 | 0°32504| 0:22032 
Found ditto........| 0°56815) 0°20392) 0°52127 | 0°24965 | 0°32495 | 0°22030 


” 


” 


It will be seen that in every case the weight of the sulphides 
found agrees very closely with that calculated from the alloy, using 
the formule Au.S and Ag,S. It is, therefore, evident that the gold 
sulphide has the formula, Au,S, and is the same as that prepared by 
the first method. In the last column of the above table, the fineness 
of the alloy is 0°64645, which is the fineness required by an alloy 
having the composition Au + Ag, and I found it impossible to form 
double sulphides from alloys richer in gold, as the following results 
will show. Fineness of alloy taken = 0°7; weight of alloy taken 
= 0°08875 gram, calculated to sulphides = 0°09787. 


AND OTHER METALS. 


Tasie IIT. 


Number of heatings with Calculated 
~ hanson 1. 2. 3. 4. 5. 6. 7. 8. weight. 


Weight after each heating. |0-09035|0 “00139 0-092 |0-0934/0 093550 "0988)0-09886/0"0943) | 0°00787 
It will be seen that even after eight heatings, each of which lasted 
for two or three hours, the alloy did not take up sufficient sulphur to 
be wholly converted into sulphides of silver and gold. 

009665 gram of a second alloy of the same fineness as the last 
gave for three heatings the following results. 0°0976, 0°0982, and 
00984, the calculated weight required being 0°10648. An alloy, 
0°675 fine, was prepared, and 0°0575 gram heated with sulphur in 
the usual way. The first and second heatings gave the following 
weights. 0°0582 and 0:0588 gram the calculated weight required to 
form sulphides being 0°06344 gram. Alloys of 0°64645 fineness and 
under were generally completely sulphurised by three or four 
heatings at the most, so that there is a marked difference in the 
behaviour of alloys above and below the fineness required by the 
formula Au + Ag. It, therefore, seems probable that a definite 
double sulphide of the formula Au,S,Ag,S is formed. The following 
table gives approximately the specific gravities of some of the 
sulphides mentioned above. 


Tazte LV. 


Sulphide. AgS. Au,S,4Ag.S. | Au,§,2Ag8. | Au.S,Ag,S. 


Specific gravit 7°2 7°9 8°4 9°15 
P g y 


It will be seen that the specific gravity of the silver sulphide lies 
within the limits assigned to that of the natural sulphide. 

Having succeeded in forming a sulphide of gold in combination 
with a sulphide of silver, I resolved to try if the place of the silver 
could be filled by other metals. The metals experimented on were 
lead, iron, and copper; these were chosen because of the common 
occurrence of their sulphides in gold bearing rocks. 


Sulphides of Gold and Lead. 


An alloy of 3 parts of gold with 7 parts of lead was melted and a 
stream of sulphur vapour bubbled through it as described in the 
preparation of the gold-silver compound. The product resembled 
galena, but was a little darker and had a duller fracture. It was 
analysed in the following manner. To about a gram of the sulphides, 
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a disc of zinc and 50 c.c. of hydrochloric acid (1: 4) were added, and 
the solution heated to about 50° and allowed to stand until lead paper 
was no longer blackened by the evolved gas. The solution was then 
decanted through a very small filter paper, allowing as little of the 
precipitate to get on the filter as possible. After well washing the 
precipitate, nitric acid was added to it, and the undissolved gold 
collected, washed, dried, incinerated, and weighed, cupelled, and 
again weighed. (The weight after cupellation showed that no lead 
had been left undissolved with the gold.) The lead in the filtrate 
was determined as sulphate. The sulphate was afterwards reduced 
with zinc, and hydrochloric acid, and cupelled; it gave 0°0002 gram 
of gold which was added to the main quantity. 
The following are the results of two analyses conducted in this. 
manner. 
B. 

61°54 

26°42 

12°04 


100-00 100-00 
Calculating the lead and gold to sulphides we get 


B. 
71°08 
28°57 
99°65 
It is, therefore, evident that a sulphide of gold is formed having the 
composition Au,S. 


Sulphides of Gold and Iron. 


In my attempts to prepare these sulphides I encountered many 
difficulties ; the cast iron at my disposal was too impure for the 
purpose, whilst the wrought iron required a higher temperature 
than I could readily get. However I succeeded in forming a small 
quantity of double sulphide by the first method described for 
the gold-silver compound. In the analysis of this compound, the 
iron was dissolved out with hydrochloric acid and determined by 
precipitation with ammonia. The iron oxide was then scorified with 
lead and the lead cupelled, a trace of gold being recovered which 
was added to the main quantity. The gold was heated to redness, 
weighed, cupelled, and again weighed. (The weight after cupel- 
lation showed that the iron sulphide had been completely dissolved 
by the acid.) The following are the results of two analyses 


AND OTHER METALS. 


B. 
52°49 
14°68 
32°83 


10000 
The iron and gold when calculated to sulphides become 


B. 
82°48 
15°87 


— 


98°35 


From these sulphides, I attempted to prepare the higher sulphides, 
FeS,,Au,S, by finely grinding 10003 gram and repeatedly heating it 
with sulphur according to the second method already described. 


TABLE V. 


ings with sul- 
ee 


Number of “aH | ‘Calculated 


; * 5. 6. | to 
| | Au,S,FeS.. 


| 
} 


Weight after each | | 
| 1°1866 | 1°2262| 1°2481 | 1 2594. 1°2633|1°2672; 1°2848 


As the results show, more sulphur is taken up, but the increase is 
very slow, and even after heating for several days, the theoretical 
weight was not attained. 


Sulphides of Gold and Copper. 


A piece of gold weighing 3°25 grams and 5 grams of copper were 
melted under borax, and sulphur bubbled through in the usual way ; 
the sulphides formed were hard, greyish-black, and with bright 
fracture. A portion was analysed as follows. Nitric acid and a 
little sulphuric acid were added to 1:0003 gram of the finely ground 
sulphides contained in a covered beaker, and the solution gently 
boiled for some time; the gold was then collected, washed, incinerated, 
and weighed, cupelled, and reweighed. The second weighing after 
making an allowance for loss of gold by volatilisation was identical 
with the first, showing that all the copper had been dissolved by the 
acid. The copper solution was evaporated in a large platinum dish 
to drive off the nitric acid, the solution diluted with water and the 
copper precipitated with zinc in the usual way.. The copper on 
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cupellation with lead gave gold 00001 gram. The following is the 
percentage composition as found by this method. 


In the preceding pages it has been shown that when alloyed with 
silver, lead, copper, or iron, gold is readily converted into a sulphide 
by the action of sulphur on the molten metals; and that with the 
exception of the iron-gold sulphides, about which there is some 
doubt, the composition of the gold sulphide is always Au.S. 


LXXIII.—The Relative Weights of Gold and Silver dis- 
solved by Potassium Cyanide Solutions from Alloys 
of these Metals. 


By J. S. Mactaurin, B.Se., University College, Auckland, 
New Zealand. 


In the extraction, by means of potassium cyanide solutions, of gold 
and silver from ores containing them, it is found that the percentage 
of gold recovered is almost always larger than the percentage of 
silver. This fact must be due to one or both of two causes; Ist, in 
an alloy of gold and silver the gold is more readily dissolved than the 
silver, or, 2nd, gold generally exists in the metallic state, whilst silver 
is often combined with sulphur, tellurium, &c., forming compounds 
which are only slowly dissolved by the cyanide. In order to test the 
first of these hypotheses, alloys of gold and silver of varying com- 
position were prepared, and, after being rolled into sheets, circular 
plates were stamped out of them. These plates were then exposed, 
in Nessler test-glasses, to the action of a 0°5 per cent. solution of 
potassium cyanide for two hours. The cyanide solutions were 
evaporated to dryness, and the bullion and gold determined by ordin- 
ary assay methods. 


‘ y ~ a fr _" ai oa - ~~ a — 


DISSOLVED BY POTASSIUM CYANIDE SOLUTIONS. 


The results are contained in the following table. 


Percentage of gold Percentage of gold in bullion 
in plate. dissolved by KCN. 


20 
50 
80 


These results show that, practically, gold and silver are dissolved 
from an alloy of these metals in the proportions (by weight) in which 
they exist in the alloy. At first sight this appears to be in direct 
opposition to my results on the rate of solution of the two metals 
when separate (Trans., 1895, 6'7, 199), as it was then shown that “ the 
ratio of the amount of gold dissolved by any given cyanide solution 
to that of the silver dissolved by the same solution is nearly in the 
ratio of their atomic weights,” or, in other words, for every 197 parts 
of gold dissolved only 108 of silver pass into solution. In an alloy of 
the two metals, let A represent the weight of gold, and B the weight 
of silver, then the relative areas of the metals exposed to the cyanide 
will be gold = A/sp. gr. of Au = A/19°3, silver = B/sp. gr. of Ag 
= B/10°45.* 


But, as already shown (when the metals are separate), the weight. 
of gold dissolved : the weight of silver dissolved from equal surfaces: : 
the atomic weight of gold : atomic weight of silver, or Au/Ag = 
196°85/107°66, and, assuming that this relation holds good when the 
metals are alloyed, we get 


Weight of Au dissolved = A 196°85/19°3 = A 1:02. 
9 Ag = = B 107°66/10°45 = B 1:0206. 


But 196°85/19°3 = atomic volume of gold, and 107°66/10°45 = 
atomic volume of silver, and, as these atomic volumes are practically 
equal, the relative weights of gold and silver dissolved are propor- 
tional to A and B, that is, to the weights of the respective metals in- 
the alloy. As the results given in the above table are in accordance 
with this hypothesis, we may conclude that it is correct, and that,. 
from an alloy of gold and silver, the metals are dissolved in the ratio- 
of their atomic volumes. 


* This becomes evident if we consider a cube of the alloy to be divided into thin 
layers, and the layers into infinitely small prisms of gold and silver, the number of 
prisms of the respective metals being in the proportion of their volumes, 
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LXXIV.—Hlectrolysis of the Salts of Monhydroxy-acids. 
By James Wattace Wacker, M.A., Ph.D., 1851 Exhibition Science 
Scholar, St. Andrews University. 


THE object of the following electrolytic experiments was to determine 
whether it would be possible to obtain in quantity the dihydric 
alcohols of the glycollic series, C,Hz(OH)2, by electrolysis of the 
alkali salts of the monhydroxy-acids. ‘The reaction might be ex- 
pected to proceed according to the following equation. 


208°C, Hn*COONa = (CrxHon°OH), + 2CO, + 2Na. 


This would be in complete agreement with the old observation of 
Kolbe (Annalen, 1849, 69, 279), that ethane is produced by electro- 
lysing a concentrated solution of sodium acetate, and also analogous 
to the more recent discovery of Crum-Brown and Walker (Annalen, 
1891, 261, 115), that such salts as sodium ethylic malonate yield, by 
the same treatment, ethylic succinate. 

In the case of the hydroxy-acids, however, the action was found to 
proceed in quite a different manner, aldehydes being the main organic 
products of electrolysis; only in the case of mandelic acid could 
the expected substance be detected, and that only in small quantity. 
Having failed to produce the desired compounds by the above method, 
it was thought possible that salts of the alkyloxy-acids might be less 
readily oxidised by the action of the current than those of the hydr- 
oxy-acids. In this case, double ethers might be expected to be formed, 
and from these the corresponding alcohols could be prepared by 
heating with sulphuric acid. But here, too, the result was the 
same, much aldehyde was produced, and no ether could be detected. 

In the course of this investigation it was necessary to identify 
formaldehyde by means of its hydrazone. A compound was obtained 
differing widely in melting point, solubility, and composition from the 
substance described by Wellington and Tollens (Ber., 1885, 18, 3300). 
This led to a closer investigation of the reaction of formaldehyde 
with phenylhydrazine, in the course of which several new substances 
have been isolated. 

The apparatus employed for the electrolytic experiments was the 
same as that described by Crum-Brown and Walker (loc. cit.), and 
the concentrations of the alkali salts varied from 50 to 68 per cent. 

Since the products obtained from the various salts do not differ 
from those obtained by others in dilute solution, a short note of the 
results will suffice. 

The solutions of sodium glycollate, lactate, and ethoxyacetate, after 
being electrolysed for an hour, had all a strong odour of aldehyde. 
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They were distilled with a current of steam till the vapours were no 
longer pungent. No oil had separated from the solution of sodium 
ethoxyacetate, as would have been the case had ethylene diethylic 
ether been formed. The solutions of sodium glycollate and lactate, 
from which all the aldehyde had been removed, were concentrated 
by evaporation and extracted for four hours with ether in an ether ex- 
traction apparatus; the ethereal solutions were dried with anhydrous 
sodium sulphate, and the ether removed by distillation, when a few 
drops of liquid only were left, a quantity too small for investigation ; 
portions of the aqueous distillates evaporated in a vacuum over 
sulphuric acid left no appreciable residue. The formaldehyde pro- 
duced from the sodium glycollate and the ethoxyacetate was identi- 
fied by means of its hydrazone, a solution of phenylhydrazine in 
acetic acid being added to the aqueous distillate for this purpose. 
The precipitate when dry melted at 155—165°, and, after recrystal- 
lisation from a large quantity of boiling benzene, at 140—145°, 

Found C = 69°72; H = 6°61; N = 23°25. 

C,H,N, requires C = 70:00; H = 6°67; N = 23°33 per cent. 

The substance was only slightly soluble in the ordinary solvents, 
and crystallised in pearly leaflets, but its melting point did not 
become sharper on repeated recrystallisation. The cause of this 
curious behaviour, which will be explained later, was only dis- 
covered after a tedious investigation. 

A 17 per cent. solution of copper ethoxyacetate yielded on elec- 
trolysis only acid, formaldehyde, oxygen, and carbonic anhydride. 

A solution of potassium mandelate, after being electrolysed for 
three hovrs, was filtered from some solid which had separated, and 
extracted with ether. When the residue left on evaporating the 
ether was distilled in a current of steam, an oil passed over which 
boiled at 178—179°. The boiling point of benzaldehyde is 179°1°. 
It was further identified by means of its hydrazone which melted 
at 155°5—156°. The solid which had separated during the elec- 
trolysis was crystallised from aqueous alcohol, and found to be 
hydrobenzoin ; it melted at 135—137° instead of 134°, and contained 

C= 78:15 ; H = 6°62. 

C,4H,,0, requires C = 78°50; H = 6°54 per cent. 


A small quantity of isohydrobenzoin was also isolated. Mandelic 
acid was, therefore, the single case in which the expected compound 
was obtained ; but whether it was formed directly or by reduction of 
benzaldehyde has not been determined. 
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LXXV.—Action of Formaldehyde on Phenylhydrazine 
and on some Hydrazones. 
By James Watiace Water, M.A., Ph.D. 


In the preceding communication I have described a compound formed 
by the interaction of formaldehyde and phenylhydrazine, differing 
both in properties and in composition from that obtained from 
these substances by Wellington and Tollens (Ber., 1885, 18, 3300). 
After an extended investigation into the cause of this difference, it 
was found, as will be shown in this paper, that the nature of the 
compound produced by the interaction depends on the relative con- 
centrations of the two reagents, as well as on other external con- 


ditions. 


Preparation of the two Isomeric Substances, C\sH,.N,. 


One of these has been already described by Wellington and Tollens 
(loc. cit.), and is obtained as a crystalline precipitate when a large 
excess of formaldehyde is allowed to act on phenylhydrazine. When 
recrystallised from a mixture of alcohol and toluene, it forms rhombic 
tablets, melting at 183—184°. If, however, the two substances be 
allowed to act on each other in hydrochloric acid solution, even in 
presence of a large excess of formaldehyde, the substance melting at 
183—184° is not the only one produced. To a solution of 10°4 grams 
of formaldehyde in 500 c.c. of water, containing also 3 grams of con- 
centrated hydrochloric acid, a solution of 5 grams of phenylhydrazine 
hydrochloride was added. The substances are in the proportion of 
10 mols. of formaldehyde to 1 of phenylhydrazine. There was an 
immediate white precipitate, which afterwards changed to a hard 
nodule. It was shaken with alcohol, to remove water from it, and 
then three times extracted with boiling ether. From each extract a 
crop of crystals was obtained on evaporation, the first melting at 
123—160°, the second at about 120°, and the third at 109—115°. The 
residue undissolved by the ether was recrystallised from ethylic 
acetate, in which it was readily soluble; it then had the melting 
point 180-—182°, and was therefore the substance discovered by 
Wellington and Tollens, The three crops of crystals from ether were 
united and dissolved in a small quantity of benzene, and some alcohol, 
in which they seemed much less soluble, was added; this caused no 
precipitation, but on evaporation in a desiccator, a small quantity of 
prismatic crystals separated, melting at 111—115°. This substance 
is the chief product when the phenylhydrazine hydrochloride is in 


large excess. 
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Sixty grams of phenylhydrazine hydrochloride were dissolved in 
4 litres of water, and 7 grams of a 40 per cent. solution of form- 
aldehyde added. The substances are in the ratio of 4°5 mols. to 1. 
The precipitate formed slowly, and, after three days, a crystalline 
cake was separated and dried; it weighed 7 grams, and its melting 
point lay between 109—118°. It was recrystallised from methylic 
alcohol, in which it seemed less soluble than in ether, 18 gram 
requiring 25 grams of the boiling alcohol to dissolve it, and yielding 
on cooling 15 gram in large, slightly yellow prisms, melting at 
111—113°. The melting point did not change on recrystallisation. 
The substance was found to contain 

C = 71:35; H = 6:44; N = 22:33. 

C,sH,.N, requires C = 71:43; H = 6:35; N = 22°22 per cent. 

The new substance has therefore the same composition as the 
formerly known compound derived from phenylhydrazine and form- 
aldehyde. That they are isomeric, and not polymeric with each 
other was shown by a determination of their molecular weights by 
the boiling point method. The molecular weight of the substance 
melting at 183—184° was found to be 277 in toluene solution, that of 
the substance melting at 111—113° to be 275 in benzene, instead of 
the calculated 252. The two are therefore isomeric with each other, 
but the nature of the isomerism has not yet been determined, the few 
experiments which have been made for this purpose having yielded 
no results. When heated with glacial acetic acid both are destroyed, 
dark brown resins being produced ; both behave in the same way when 
dry hydrogen chloride is passed into their ethereal solutions; and 
phenylhydrazine and formaldehyde are both without further action 
on them. No compound with either could be obtained by heating 
with methylic iodide for half an hour on the water bath. Neither 
of them appeared to be reduced by dissolving sodium in its alcoholic 
solution, as almost the whole of the compound of higher melting 
point crystallised from the alcoholate solution, and no ammonia or 
methylic amine was given off from that melting at 111—113°. 

The formula proposed by Wellington and Tollens for the first of 
C.HsN-CH,N-C.H, 
CH.:N N:CH, 
doubly linked nitrogen, does not allow of stereoisomerism, so that 

C.H;N-N-CH,N-N:C,H; 
some such structure as V V must be adopted for 
CH, CH, 
the other. From a recent note on the preparation of the latter, 
C. Goldschmidt (Ber., 1896, 29, 1361) appears to have been unable 
at times to obtain it, but by using the above proportions I have never 
failed to obtain at least the yield quoted. 
VOL, LXIXx. 4Q 


these substances, namely, , since it contains no 
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Formaldehyde and Excess of Phenylhydrazine. 


As already stated under the electrolysis of sodium glycollate, a 
compound of formaldehyde with phenylhydrazine was obtained, 
whose composition corresponded to the simple formula C,;H,N,. It 
has been very often prepared in the course of this investigation from 
commercial formaldehyde by adding 2 mols. of phenylhydrazine in 
acetic acid solution to 1 mol. of the aldehyde, but the precipitate 
thus obtained was found to be very variable in melting point, differ- 
ent preparations having different melting points, lying between 160° 
and 180°. The precipitate is faintly yellow, and crystallises from 
benzene or ethylic acetate in pearly leaflets, which, however, have not 
a sharp melting point, and cannot be purified by further recrystal- 
lisation, owing probably to the sparing solubility of the substance in 
all solvents. For example, 5 grams of one preparation melting at 
163—168°, whose composition was found by analysis to correspond to 
the formula C;H,N,, was six times recrystallised from boiling benzene, 


with the following result. 


Crystallisation 1. 2. 3. 4. 


motu’ | 146—155°. 155-159. 149—155°. 148—153°. 140—145°. 149—151°. 


Its composition was found to have remained unchanged, and its mole- 
cular weight determined in ethylic acetate was found to be 127 ; C;H,N, 
= 120. This substance would seem to be therefore, for the most 
part, the true hydrazone of formaldehyde. Like the two former 
compounds, it gives at once a brown resin when hydrogen chloride is 
passed into its solution in ether or ethylic acetate. The strange varia- 
tion in its melting point was found to be due to the fact that it 
readily polymerises to a substance of much higher melting point and 
of double its molecular weight. 


5. 6. 


Preparation of the Polymeric Substance, (C;H,N:)2. 


By dissolving the substance melting at 146—155° in a little hot 
aniline, and precipitating it at once by pouring into a large quantity 
of alcohol, crystals were obtained, similar in appearance to the 
original, but melting at 189—193°. Analysis pointed to the same 
formula, C;H,N2, but a determination of the molecular weight in 
toluene gave a much higher value, namely, 210 instead of 120. This 
substance also could not be obtained with a sharp melting point by 
recrystallisation, but a method of obtaining it in a state of purity 
was finally discovered, through an attempt made to reduce the com- 
pound C,H,N, by adding sodinm to its alcoholic solution. 2 grams 
of substance, melting at 158—165°, were heated to boiling with 
100 grams of alcohol, and, although all was not dissolved, 16 grams 
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of sodium were rapidly added. The solid which remained after 
washing with alcohol weighed 0°8 gram, and melted at 210— 
212°. 05 gram of it, when dissolved in 100 cc. of boiling 
alcohol, yielded on cooling 0°5 gram, melting at 210—211°5°. 
It was also in the form of very small leaflets. This experiment 
suggested the method adopted for obtaining the polymeride pure. 
12 grams, melting at 145—170°, were heated for half an hour on the 
water bath, with 100 grams of sodium alcoholate containing 9 grams 
of sodium. The solid, when collected, weighed 11 grams, and melted 
at 205—209°. When dissolved in hot aniline and poured into alcohol, 
it gave a crystalline precipitate, in very fine leaflets, which weighed 
9'4 grams, and melted at 210—212°. 

Analysis of this substance, performed at first in an open tube, 
gave unaccountable results, for example, 

C = 68°89, 69:09, 69:09; H = 6°76, 6°59, 6°66. 

(C;H,N:2)2 requires C = 70°00; H = 667; N = 23°33 per cent. 

Those done later in a closed combustion tube gave values in agree- 
ment with the formula. 


C = 69°59, 69°74; H = 6:89, 6°77; N = 23-25 per cent. 


The molecular weight of the substance was determined in toluene. 


The constant E for toluene is calculated in the ordinary way from 
the equation E = 0-02T"/l, where J is the heat of evaporation 
of 1 gram, and T the absolute boiling point. For toluene, T = 
383°8°, and 1 = 83°55, therefore E = 3526. It had been already 
observed that by long-continued boiling the substance decomposes, 
crystals of a lower melting point being deposited on cooling, which 
are most probably a mixture of the polymeric with the simple form. 
This was confirmed by the molecular weight determination. After 
each addition of fresh substance to the boiling toluene, the temperature 
rose rapidly for four or five minutes, and then slowly for 20 minutes, 
after which it remained constant for 10 minutes. The quick rise of 
temperature for each fresh quantity of substance, calculated sepa- 
rately, gives a value for the molecular weight approximating to the 
formula (C;H,N2). = 240; whilst the reading after the temperature 
had become constant, gives a value midway between C;H,N; and 
(C;HsN2)2. See Table, p. 1284. 

On cooling the solution, crystals separated in leaflets melting at 
155—157°. Most probably, therefore, the simple hydrazone has 
never been prepared free from an admixture of its polymeride. In 
one case, a sample was obtained which gave, on analysis, C = 69°72; 
H = 6°61; N = 23°25, and melted much lower than any other pre- 
paration, namely, at 126°5—128°5°. The polymeride, (C;H,N;)., 
melts sharply at 210—211'5°, even when heated very slowly, turns 
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slightly yellow, solidifies on cooling, and melts again at 200—205°. 
It decomposes with slight evolution of gas when heated to 240°. 


Substance. 


Toluene. 


Quick rise. 


Entire rise. 


Molecular weight 
calculated from 


Quick rise. 


Entire rise. 


0°1670 
0°2437 
0 °3494 


0 220° 
0-086 
0°108 


0 °268° 
0°420 
0°549 


260 
250 
275 


175 
163 
179 


In order to determine the relation in which these substances stand 
to the two isomers already described, in which all the hydrogens 
attached to nitrogen are replaced by CH, groups, they were treated 
with excess of formaldehyde in the expectation that one or both of 
the more complicated compounds, C,;H,.Ny, might be found. The 
result was negative, but the same new substance was obtained from 


both. 
Action of Formaldehyde on Methenehydrazone. 


When either the simple substance C,H,N:2, or its polymeride, 
(C;H,N:2)2, is kept a few days, or is heated on the water bath for a 
few minutes with a large excess of formaldehyde, it is changed 
almost quantitatively into a new compound which is soluble in ether, 
and crystallises out of the solution in large, transparent prisms melt- 
ing at 139—140°. It is, therefore, neither the substance prepared by 
Wellington and Tollens melting at 183—184°, nor its isomer melting 
at 111—113°. Analyses showed that it has the formula C,.H,.N,O. 
It was found to contain 

C = 67:99; H = 6:40; N = 20°25. 

C,sH,.N,O requires C = 68:09; H = 6:38; N=19°86; O = 5°67 p.c. 


Its molecular weight in toluene solution was found to be 292, 
C,.H,,N,O = 282. The substance melts at 139—140°, is readily 
soluble in benzene, toluene, and ethylic acetate, less so in alcohol and 
ether, from all of which it crystallises in large, colourless prisms. It 


remains quite unchanged on exposure to air. Like all the other 
compounds of phenylhydrazine with formaldehyde, its ethereal solu- 
tion is immediately decomposed by dry hydrogen chloride, a brown 
resin being produced. It remains unchanged when its alcoholic solu- 
tion is acted on by sodium, the entire amount being recoverable from 
the solution. An attempt was made to remove the oxygen atom by 
dissolving the substance in hot phenylhydrazine, but it crystallised 
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out unaltered on cooling. The oxygen atom is, therefore, no longer 
present in the carbonyl condition. Assuming that the substance 
from which it is formed, C;H,N2, has the constitution of an ordinary 
hydrazone, the only way of representing the formation of this new 
compound is by supposing that 3 mols. of water are eliminated from 
two of hydrazone and two of formaldehyde hydrate thus 


2CH,(OH), aa 2C,H;;,NH:NCH, = 3H,0 + CsHs"N-C H,-0°-C HyN-C.H; 
CH,:N N:CH;° 


C. Goldschmidt (loc. cit.) has prepared a substance having the 
same composition as the above, but finds for it the melting point 125° 
instead of 139—140°. 

It is somewhat remarkable that, once the simple hydrazone is 
formed, the further action of formaldehyde should lead to the pro- 
duction of a substance entirely different from that directly formed 
from phenylhydrazine in the presence of excess of formaldehyde. 
This fact would seem to indicate that somehow the union between 
the CH, and the C,H,-N2H groups is different in C;H;*N,H:CH, and in 
(CsH;N:)2(CHz2)3, and that, when the radicles have once taken up the 
position peculiar to the first of these, the production of the second is 
no longer possible, that only the oxygen compound can then be 
formed. If so, one would expect to obtain always the same class of 


compound by the action of formaldehyde on other hydrazones, in 
which the combination is known to be of the form C,H,NH-NR. 
To test this, the hydrazones of benzaldehyde and acetophenone were 
employed. 


Action of Formaldehyde on Benzylidenehydrazone. 


The substances were allowed to remain for a long time together at 
the ordinary temperature, and the solid, after being dried on a porous 
tile, was washed with ether to free it from some benzaldehyde. It 
melted at 115—125°, but, after being twice recrystallised from ether, 
it melted at 134—135°. Analyses showed that it contained no 
oxygen. 

C= 79:70; H=611; N = 13°98. 

C.,HaN, requires C = 80°20; H = 5°94; N = 13°86 per cent. 
C.sH,.N,O requires C = 77°42; H=599; N=1290; O=3°69p.c. 

A determination of the molecuiar weight in toluene gave the values 

448 and 424, C.,H.,N, = 404. The only possible constitution for 
C.Hs N-N-CH°C,H; 

this compound is, therefore, OH, . It crystallises in 
C,H; N-N:CH-C,H; 

large, transparent, colourless prisms, which, unlike all the previously 
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described substances, is not entirely decomposed by acids, but, on 
heating it with strong hydrochloric acid, the solution gives off benz- 
aldehyde. 


Action of Formaldehyde on Acetophenonehydrazune. 


The substances were allowed to stand as in the last experiment, 
but the crude product formed was much more smeary from the 
separation of acetophenone. After washing with ether, the residual 
solid was fractionally crystallised from ethylic acetate, by which 
means it was separated into two portions, one melting at 185°, the 
other at 1389—140°. The latter, from its crystalline appearance and 
melting point, was evidently the oxygenated compound of methene- 
hydrazone. The substance melting at 185° crystallises also in large, 
colourless prisms, which are fairly soluble in ethylic acetate, benzene, 
and toluene, less so in alcohol and ether. On boiling with strong 
hydrochloric acid solution, it gives off a strong odour of acetophe- 
none. The values found for its molecular weight in toluene were 
396, 402, 410, (C.;H..N,O = 372), and analyses showed that it had 
the above composition. 

C = 7422; H = 6°65; N = 15°00. 

C.3H.,N,O requires C = 7419; H= 645; N= 15:05; O= 430p. c. 


This compound, therefore, unlike that from benzylidenehydrazone, 
contains oxygen, and is formed from a molecule of methenehydrazone 
and one of acetophenonehydrazone by the action of 2 mols. of form- 
aldehyde. Its constitution may be represented as 


C.HyN-CH,0-CH,-N-C.H, 
N:CH, N:C(CH,):C.H; 


Since hydrazones, whose structure is known to be normal, yield 
both classes of compounds, there is no reason to assume that methene- 
hydrazone has a different constitution from hydrazones in general. 
This is further borne out by the observation that formaldehyde can 
displace benzaldehyde and acetophenone, producing in the latter case 
at least the same oxygenated compound as is formed from methene- 
hydrazone. But, on the other hand, unless different forms of combi- 
nation be assumed, there is no explanation, first, of the existence of 
two substances having the composition (C.H;N2).(CH.);, and, 
secondly, why one or both of these should not be formed from 
C.H;-N.H:CH:.. 

In one preparation of the simple hydrazone, when the ethylic 
acetate from which the crude precipitate had been recrystallised was 
evaporated to a small volume, some crystals separated in broad 
tables which melted sharply at 210—211° with immediate decom- 
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position. The entire amount was only 04 gram. It dissolved easily 
in ethylic acetate and toluene, and its molecular weight in the latter 
solvent was found to be 250; this value points to the same formula 
as that of the polymeric modification of methenehydrazone, namely, 
(C,H,N.)2 = 240. It differs, however, from the latter in solubility, 
in that it decomposes on melting, and does not decompose on long 
boiling in toluene solution, but crystallises unchanged when the 
solution is evaporated. It was found to contain 

C = 69°76; H = 5°93. 

C,,H,.N, requires C = 70°00; H = 667; N = 23°33 per cent. 

The value found for hydrogen was too low, but unfortunately there 
was not enough substance to repeat the analysis. 

Besides these numerous crystalline compounds of formaldehyde 
with phenylhydrazine, the two reagents were found to give a clear 
oil, both in alkaline solution with excess of the aldehyde, and in 
neutral solution with excess of phenylhydrazine; this substance has, 
however, not yet been investigated. 


The foregoing investigations were carried out at the suggestion and 
under the direction of Professor Wislicenus in his laboratory at 
Leipsic, and I take this opportunity of expressing to him my thanks 
for the continued help and advice which he has given me during the 
progress of the research. 


LXXVI.—The Colouring Principle contained in the 
Bark of Myrica nagi. Part I. 


By Arrutr Georce PERKIN and Jonn James HumMEL. 


In the course of examining the tinctorial properties of some Indian 
dye-stuffs (J. Soc. Chem. Ind., 1895) our attention was especially 
attracted by the behaviour of the bark of Myrica nagi. Not only did 
the colouring power compare favourably with that of such well- 
known dye-stuffs as old fustic and quercitron bark, but in some 
respects it seemed to differ from all other yellow mordant dye-stuffs. 
Having subsequently received a larger supply through the kindness 
of the authorities of the Imperial Institute, London, the chemical 
examination of this dye-stuff was undertaken, and the results are 
recorded below. 

Myrica nagi, also called M. sapida, M. Integrifolia, M. rubra, &c., 
belonging to the Myricacez, is the box-myrtle or yangme of China. 
It is an evergreen dicecious tree possessing an aromatic odour, and is 
met with in the subtropical Himalayas from the Ravi eastwards, also 
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in the Khasia Mountains, Sylhet, and southwards to Singapore, and 
distributed to the Malay Islands, China, and Japan. The bark is 
said to have been exported from the North-West Provinces, Kumdéou, 
&c., to other parts of India in recent years to the extent of about 50 
tons per annum. In Bombay, it is met with under the name of 
kaiphal, and is there worth 1—2 rupees per maund of 41 lbs., being 
entirely imported from Northern India. According to Mr. W. Cold- 
stream it is used in Sirmur (Simla district) for dyeing pink, and 
also as a tanning agent for fancy leather work and for medicinal 
purposes. 

The bark has an astringent taste, and in the powdered condition 
acts as an irritant on the mucous membrane of the nostrils, indeed it 
is said to be used occasionally as a snuff in catarrh with headache 
(Dictionary of the Economic Products of India, G. Watt, Vol. V, 
p- 309). So far as we are able to learn, the chemical examination of 
this bark is here made for the first time. 


EXPERIMENTAL Part. 


The ground bark (1,000 grams) was digested for six hours with 10 
times its weight of boiling water, the mixture strained through calico, 


and the residue treated again in a similar manner. Experiment 
showed that by extracting the filtrate with ether a small amount of 
colouring matter could be thus obtained ; the ethereal extract sepa- 
rated, however, with difficulty from the aqueous liquid, and as also a 
very large quantity of ether was necessary for this process, the 
following method appeared preferable. To the combined boiling 
aqueous extracts, a solution of 60 grams of lead acetate was added, 
when a bulky, yellowish precipitate was obtained, which, on pro- 
longed boiling, became dirty white; this consisted almost entirely of 
the lead compound of tannin matter, and contained but a trace of 
colouring matter. This was removed by filtration, washed with 
water, and the filtrate treated with more lead acetate solution until 
a precipitate was no longer formed; the lemon-yellow lead compound 
was then collected, washed, and decomposed while still moist by 
means of boiling dilute sulphuric acid. The brown liquid, which now 
contained the colouring matter, was removed from the lead sulphate 
by decantation, and extracted twice with ether; the yellow crystal- 
line residue left on evaporating the ethereal extract was dissolved in 
a little alcohol, and the solution diluted with boiling water. The 
crystals which separated on cooling, were collected, and extracted 
two or three times with small quantities of boiling acetic acid in 
order to remove a colourless wax-like substance which was present 
in some quantity. By recrystallisation from dilute alcohol, the pro- 
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duct was obtained in a pure condition. The yield of colouring matter 
from 100 grams of bark averaged from 0°23 to 0°27 gram. 


01139, dried at 160°, gave 0°2380 CO, and 0°0350 H,O. C = 56:97; 
H = 341. 
0:1199, dried at 160°, gave 0°2480 CO, and0°0385 H,0. C= 56-46; 
H = 357. 
C,5H,,0, requires C = 56°60; H = 3:14 per cent. 


It formed a mass of light yellow, glistening needles closely resem- 
bling quercetin in appearance, and melting above 300° with decom- 
position, When heated between watch glasses, the mass became 
carbonised, and a small quantity of yellow vapour was evolved, 
which, on cooling, condensed to minute needles of the unchanged 
substance. It is very sparingly soluble in boiling water, somewhat 
readily in alcohol, and almost insoluble in chloroform and acetic acid. 
Though closely resembling in appearance the colouring matters of 
the quercetin group, it is readily distinguished from those at present 
known by the colour changes it produces when dissolved in alkaline 
solutions. With dilute potassium hydroxide, a green solution is first 
formed; this, on exposure to air, rapidly assumes a deep blue tint, 
which in its turn gradually becomes dull red-violet. With strong 
alkali a fairly permanent orange-coloured liquid is obtained which, 
when diluted, passes through the colour changes recorded above. <A 
solution of ammonia produced somewhat similar results, the colours 
obtained having, however, a redder tint. The addition of lead acetate 
to its alcoholic solution throws down a reddish-orange precipitate 
which becomes yellower on boiling. The colouring matter dissolves 
in cold sulphuric acid, forming a deep red solution, which deposits 
the unchanged substance on adding water. Its alcoholic solution is 
coloured brownish-black by ferric chloride. In examining the dyeing 
properties of this new colouring matter, for which we propose the 
name myricetin, experiments were carried out with it side by side 
with equal weights of pure preparations of quercetin, fisetin, moriu, 
gentisin, and euxanthone, using woollen cloth mordanted with 
chromium, aluminium, and tin. It was at once apparent that a 
strong resemblance existed between the shades given by myricetin, 
quercetin, and fisetin, in fact, so similar were they, that unless placed 
side by side one might easily be mistaken for the other. These 
differences are best seen in the table, p. 1290. 

This table shows that, so far as its dyeing properties are concerned, 
morin belongs to a distinct group, and the same may be said regard- 
ing gentisin and euxanthone. 

By examination in Ziesel’s apparatus, myricetin was found to con- 
tain no methoxy-groups. 
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Chromium. Aluminium. | Tin. 


(Myricetin ....| Red-brown Brown-orange .... | Bright red-orange. 
1 J Fisetin 2 .....| Brown-orange, in- | Slightly less red. 
clining to red 
Quercetin .... a ..-..| Brown-orange, in- | Bright orange. 
clining to yellow 
Olive-yellow ....| Dull yellow Bright yellow. 
Gentisin......| Green - yellow, | Bright yellow tint,| Cream colour, 
dull and pale verypale,scarcely| scarcely dyed. 
. dyed 
Euxanthone ..| Dull brown, yel- | Bright yellow, pale | Bright yellow tint, 
very pale, scarcely 
dyed. 


Myricetin Sulphate-—In order to determine the molecular weight 
of myricetin, its behaviour towards mineral acids was studied, this 
method, as shown in former communications, having proved of con- 
siderable service for this purpose. ; 

The addition of sulphuric acid to myricetin suspended in boiling 
acetic acid caused the formation of an orange-coloured, crystalline 
compound, which was collected, washed with acetic acid, and dried. 


0°1336 gave 0°2120 CO, and 0°0425 H,O. C = 43:27; H = 3:53. 
01273 ,, 02020 ,, ,, 0°0345 ,, C = 43°27; H = 3°01. 
C,5HO.,H,SO, requires C = 43°26; H = 2°88 per cent. 


It was obtained as a glistening mass of slender needles somewhat 
redder than the corresponding quercetin compound. By treatment 
with water, it is decomposed into myricetin and sulphuric acid, as the 
- following result shows. 


04892 gave 0°3760 C,sH,,0, and 0:2747 BaSQ,. C,5H Os = 76°85; 
8 =z 771. 
C1sHo0;,H.SO, requires C)3;HyO5, = 76°44 ; Ss = 7°69 per cent. 


Myricetin hydrobromide is obtained in orange-red needles on adding 
hydrobromic acid to myricetin suspended in boiling acetic acid. 


0°1256 gave 0°2057 CO, and 0:0385 H,O. C = 4466; H = 3:39. 

01417 ,, 02358 ,, ,, OO4L7 ,, C = 45°38; H = 3°25. 

01258 ,, 02095 , ,, 00318 ,, C = 45°41; H = 2°81. 
C,5H,,0;, A Br requires C = 45°11; H = 2°75 per cent. 


By treatment with water, it is decomposed into myricetin and 
hydrobromic acid, as the following result shows. 


0°4590 gave 0°3690 C,;H,)O, and 0°2120 AgBr. C,;H,,O, = 80°39: 
Br = 19°64. 
C,;H,,O.,HBr requires C,;H,,O, = 79°69; Br = 20°05 per cent. 
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Myricetin hydrochloride, C,sHiyO,,HCl, closely resembles the above 
compound. When heated at 100°, it is slowly decomposed into 
myricetin and hydrochloric acid, and was consequently not analysed. 
In the instability of its compound with hydrogen chloride, myricetin 
resembles quercetin, fisetin, and morin (Trans., 1895, 67, 646), but 
differs from that of luteolin (this vol., p. 208), which is stable at this 
temperature. 

Myricetin hydriodide, C,sH\O.,H1, crystallises beautifully in glisten- 
ing needles of a red orange colonr. The above results show that the 
true formula of myricetin is C,;H, Qs. 

Hezxacetylmyricetin.—A solution of one part of myricetin and one 
part of anhydrous sodium acetate in three parts of acetic anhydride 
was boiled for one hour, the product poured into water, and, after 
being allowed to stand 24 hours, collected and purified by crystallisa- 
tion from alcohol. 

01162 gave 0°2420 CO, and 0°0448 H,O. C = 56:80; H = 427. 

C,;H,O,(C,H;0), requires C = 56°84; H = 3°86 per cent. 

It forms a silky mass of colourless needles melting at 203—204°, 
very sparingly soluble in alcohol, more readily in acetic acid. It is 
insoluble in cold alkaline solutions. In order to determine the 
number of acetyl groups present in this substance, a solution in 
acetic acid was boiled with the addition of a few drops of sulphuric 
acid. Boiling water was then added, and the crystals of myricetin 
which separated on cooling were collected and weighed. 

0°8350 gave 0°4680 CisH,,O,. CisHioO, = 56°04. 

C,;H,O,(C.H;O), requires C,;H;O, = 55°79 per cent. 
C1sHs0s(H;0)5 ” ” = 60°22 ” 
It was therefore a hexacetyl compound. 

Hexabenzoylmyricetin.—Owing to the readiness with which myri- 
cetin decomposes in alkaline solution, the method of Baumann and 
Schotten was not available. Myricetin was therefore heated with 
excess of benzoic anhydride at 160—170° for four hours, and the pro- 
duct dissolved in acetic acid and poured into alcohol. After 12 hours, 
a colourless precipitate had separated, which was collected, washed 
with alcohol, and purified by crystallisation from this solvent. 


0°1005 gave 0°2663 CO, and 0:0353 H,O. C = 7226; H = 3:90. 
C,;H,O,(C,H;O), requires C = 72°61; H = 3°60 per cent. 


It was obtained as colourless needles, readily soluble in acetic acid, 
sparingly in alcohol. 

Action of Fused Alkalis on Myricetin—Myricetin was heated with 
10 times its weight of potassium hydroxide at 150—170° until the 
melt, which was originally of an orange colour, had become 
brown. It was then dissolved in water, the solution neutralised with 
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acid, extracted with ether, the extract evaporated, and the crys- 
talline residue dissolved in a little hot water. On adding lead 
acetate, a yellowish-white precipitate was formed, which was col- 
lected, and washed with hot water, the filtrate being placed aside 
for further examination. 

The lead precipitate, suspended in a little water, was decomposed 
by sulphuric acid, the lead sulphate removed by filtration, the filtrate 
extracted with ether, and the extract evaporated. The brown 
residue, which became crystalline on standing, was treated with a 
very little hot water, in which most of it dissolved, the small quan- 
tity of insoluble product being collected. This, on examination, was 
found to be a trace of unaltered myricetin, and it is strange that 
any of this substance, which is so readily decomposed in dilute alka- 
line solution, should have resisted the action of concentrated alkali 
at such a high temperature. 

The filtrate, on standing, deposited crystals, which, after being 
drained upon a porous tile and crystallised two or three times 
from boiling water, formed a mass of needles of a slightly brown 
tint, melting at 239—240°, with evolution of gas, and giving the 
reactions of gallic acid with ferric chloride. As, however, the reac- 
tions of phloruglucinolearboxylic acid are very similar, according to 
Will and Albrecht (Ber., 1884, 17, 2103; 1885, 18, 1323), it was 
necessary to institute further tests. It was found that the substances 
dyed iron mordanted calico like gallic acid, that it did not give with 
fir wood and hydrochloric acid the phloroglucinol reaction, and, 
further, that when heated to 240° the residue had the properties of 
pyrogallol, and not of phloroglucinol. It was therefore gallic acid. 

The filtrate from the lead precipitate was treated with sulphuric 
acid to decompose lead compounds, the lead sulphate removed by 
filtration, the filtrate extracted with ether, and the extract evapo- 
rated. The residue thus obtained was too small for complete purif- 
cation, but it gave the phloroglucinol reaction, and without doubt 
consisted chiefly of this substance. 

The principal products of the action of fused alkali on myricetin 
are therefore gallic acid and phloroglucinol. 

Action of Bromine on Myricetin.—To a thin paste of myricetin in 
acetic acid, the amount of bromine necessary for the formation of a 
tetrabromo-compound was added. Hydrogen bromide was evolved, 
and a clear solution gradually formed; this, after standing over 
night, was poured into about six times its bulk of water. At first 
crystals were slowly deposited, but after some time a small quantity 
of flocculent matter also separated. The product was collected and 
purified by several crystallisations from dilute acetic acid. As the 
yield obtained in this way was somewhat unsatisfactory, experiments 
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were carried out on the bromination of myricetin suspended in 
carbon bisulphide at 100°. By this means the quantity of product 
obtained was found to be considerably increased. 


0°1275 gave 01325 CO, and 0°0155 H,O. C = 28:34; H = 135. 
02373 ,, 02790 AgBr. Br = 50°02. 
C,;sH.O.Br, requires C = 23°47; H = 0°63; Br = 50°63 per cent. 


It was obtained in the form of brownish-orange, prismatic needles, 
melting and decomposing at 235—240°, readily soluble in acetic acid, 
slightly less so in alcohol. Alkaline solutions dissolve it at first with a 
yellow coloration, which on exposure to air becomes red, and finally 
* passes into dirty brown. Its alcoholic solution gives with ferric 
chloride a deep blue coloration. With mordanted calico, it dyes 
shades considerably yellower than those of myricetin itself, and more 
resembling those yielded by gallacetophenone. 

Although the analytical numbers agree closely with those required 
by tetrabromomyricetin, and moreover the production of such a com- 
pound is in harmony with the probable constitution of this substance, 
yet on account of the peculiarity of its properties considered side by 
side with those of the bromine derivatives of quercetin, morin, and 
luteolin, some little doubt must be entertained as to its identity until 
a molecular weight determination can be carried out. By the intro- 
duction of bromine into the above colouring matters, their reactions 
with ferric chloride are but little altered, moreover these compounds 
are considerably less soluble than the colouring matters themselves. 

In examining the results of this investigation, but little doubt 
can be entertained that myricetin is a member of the quercetin 
series. Its formula, its reactions with mineral acids, and the number 
of hydroxyl groups it contains, when considered with the results of 
its decomposition with alkali, are all in harmony with this sugges- 
tion. Moreover, its dyeing properties are very similar to those of 
quercetin and fisetin.* Before absolutely deciding its constitution, 
it will be necessary to txamine its methyl and ethyl ethers and 
their decomposition products; unfortunately, the difficulty of iso- 
lating sufficient substance for this purpose may delay this investiga- 
tion for some time. There appears, however, every probability that 
myricetin, C,;H,oO,, will thus be shown to have the constitution of an 
hydroxy-quercetin, 


* Quercetin and fisetin both contain a catechol, and myricetin a hydroxycatechol 
(pyrogallol) nucleus. In place of this, morin, on the other hand, possesses a 
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Its colour reactions in alkaline solution are evidently due to the 
oxidation of the pyrogallol nucleus it contains. 

Tannin Matter—We are indebted to Mr. H. R. Procter, Lecturer 
on Leather Industries, Yorkshire College, for the following, an 
average of four separate analyses of the bark of Myrica nagi. 


Tannin matters absorbed by hide ........ 273 
Soluble non-tanning substances 

Fibre and insoluble matters,.......eee0e. 
MOET, 5 occ ceesoceers 


Dyeing Properties—The tinctorial power of the product now 
examined was much less than that of the small sample of bark 
with which the earlier experiments were made, and which had a 
much smoother exterior, and was labelled Myrica rubra; moreover, 
it gave somewhat different shades with the different mordants. On 
striped mordanted calico, the present sample gave with alumina a 
comparatively dull yellow, inclining to pink on a weak mordant, and 
with iron a purplish-grey, as if tannic acid were present. Its colour- 
ing power was much less than that of old fustic and quercitron bark. 
On the other band, our former sample gave with alumina a full 


yellow, distinctly stronger, although somewhat duller, than those 


given by the dyewoods Eeaene of and the colour with iron 


mordant gave little or no.in iicatxons of the presence of tannic acid. 
On wool mordanted with chromium, aluminium, and tin, and dyed 


= with 40 per ceut. of our latest sample, greenish-olive, olive-yellow, 


and yellow colours respectively were obtained, all very pale and dull, 
whereas with the* same gmordants our former sample yielded deep 
olive yellow, dull} t red-orange, the two first remind- 
ing one of the corr ng colours obtained from quercitron bark, 
the latter being very similar to those given by Persian berries. 

. These results show either that the colousing properties of Myrica 
yt are somewhat variable, according to the age of the tree or branch 
from which the bark is taken, or that there may be different species 
of Myrica, each with slightly different tinctorial properties. The com- 
parative richness of some of the barks, however, warrants us in direct- 
ing the attention of native dyers of India to its probable utility as a 
yellow dye-stuff. 

Clothworkers’ Research Laboratory, 


Dyeing Department, 
Yorkshire College. 


resorcinol group, and its distinctive dyeing properties when compared with the 
above three colouring matters must be due to this fact. 
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LXXVII.—Occurrence of Quercetin in the Outer Skins of 
the Bulb of the Onion (Allium cepa). 


By Artaur GrorGe Perkin and Joun James HummMeEt. 


Ir has long been the custom to use the outer dry skins of the bulb of 
the onion for dyeing Easter eggs; for this purpose the eggs are 
wrapped in the skins, the latter being kept in position by tying with 
thread or otherwise, after which the eggs are boiled in the usual 
manner. By this means a marbled or mottled pattern is obtained in 
various shades of brown, orange, and yellow. 

The effect thus produced seemed to indicate that onion skins 
probably contain a yellow adjective colouring matter towards which, 
in the custom alluded to, the lime of the egg shell acts as a mordant. 
To test this point, a piece of ordinary striped mordanted calico was 
dyed for about ten minutes at a boiling heat with onion skins, when 
the aluminium mordant became a full bright yellow, the iron mordant 
a dark greenish-olive. Samples of wool mordanted with chromium, 
aluminium, tin, and iron, were also dyed with onion skins, the colours 
obtained being respectively brownish-olive, yellow, bright orange, 
and greenish-olive. 

These results proved that this supposition was correct, and finding 
by further comparative dyeing experiments that the colouring power 
of onion skins was quite equal to that of such well known dye-stuffs 
as old fustic and quercetin bark, it seemed desirable to ascertain, if 
possible, the nature of the colouring matter, and so determine 
whether or not it is identical with any existing mordant colouring 
matter. : 

At the time of making these prelifninary experiments, we were 
not aware that onion skins had ever been used for the purpose of 
dyeing textile materials, but the following passage, translated from 
Leuch’s Farben und Firbekunde, 1, 434, (1825), shows that they were 
formerly so employed, probably, however, only to a limited extent, 
and in districts where the art of ¢) cing was still practised as a home 
industry :—“ The outer skins of onion bulbs which are of a brownish- 
orange colour, have long been used in German households for 
dyeing Easter eggs yellow, and in conjunction with alum, for dyeing 
woollen, linen, and cotton materials. The colour yielded is fast and 
particularly brilliant. According to Kurrer’s observations, onion 
skins are very suitable for dyeing cotton, on which they give a 
cinnamon-brown with acetate of alumina, a fawn with alumina and 
iron, a grey with iron salts, and a variety of shades with other 


additions.” 


Fact nd liad 
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The colouring matter was extracted by boiling the onion skins 
(500 grams) for one hour with distilled water (9 litres). The yellow 
liquor thus obtained was strained through calico and allowed to cool 
over-night, when the impure colouring matter was deposited in the 
form of a pale olive precipitate. Several kilos. of skins were 
treated in this manner, and by extracting three times with water 
instead of once only, the yield of crude colouring matter was in- 
creased, the average yield of dry precipitate being about 1:3 per 
cent. on the weight of onion skins. The filtered orange-brown 
liquors when concentrated did not deposit any further precipitate 
on cooling, they were, therefore, evaporated to dryness, and yielded 
a considerable quantity of a brown, friable, resinous, dry extract. 

The finely ground, impure colouring matter was digested with 
boiling alcohol, filtered to remove a brown, insoluble product, and 
the filtrate evaporated to a small bulk. On cooling this solution, 
crystals were deposited, but as they were contaminated with a wax- 
like substance, and could not be readily purified by recrystallisation, 
the hot alcoholic liquid was poured into a large bulk of ether, and 
the mixture washed with water until colourless washings were 
obtained, and a sticky, black product no longer separated. On 
extracting the ethereal solution with dilute alkali, the whole of the 
colouring matter was removed, the wax remaining dissolved in the 
ether; on neutralising the alkaline liquid, a yellow precipitate was 
thrown down, which was collected and purified by crystallisation 
from dilute alcohol. 


0:1088 dried at 160° gave 0°2368 CO, and 0:0355 H,O. C = 59°36; 
H = 3°62. 

C,;H,,O; requires C = 59°60; H = 3°31 per cent. 

The substance was obtained as a glistening mass of yeliow needles 
sparingly soluble in boiling water, readily in alcohol. Its alcoholic 
solution gives with lead acetate, an orange-red precipitate, and with 
ferric chloride a dark green coloration. When suspended in boiling 
acetic acid and treated with mineral acids, crystalline compounds 
were obtained, which by the action of water became decomposed into 
the colouring matter and free acid. In order to ascertain its mole- 
cular weight, the sulphuric acid compound was analysed. 

0°1295 gave 0°2158 CO, and 0:0345 H,O. C = 45-44; H = 2°96. 

C1sHi0,H,SO, requires C = 45°00 ; H = 3:00 per cent. 

Its true formula was, therefore, C,;H90;. 

It was converted into its acetyl compound by digestion with acetic 
anhydride and anhydrous sodium acetate in the usual way. The 
product, when crystallised from alcohol, formed colourless needles 
melting at 190—191°. 


— | 


=< 
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0:1221 gave 0°2622 CO, and 0°0437 H.O. C=5856; H = 397. 
C,;H;0,(C,H;0); requires C = 58°59; H = 3:90 per cent. 


To determine the number of acetyl groups present in this com- 
pound, it was decomposed by sulphuric acid in acetic acid solution, 
water being then added and the regenerated colouring matter collected 
and weighed. 


1:0236 gave 0°6075 C,;H yO. C,;H,,0; = 59°34. 
C,;H;0,(C.H;0); requires C,;HiO; = 58°98 per cent. 


It therefore contained five hydroxyl groups. 

Action of Fused Alkali—The colouring matter was heated at 
150—170° for half an hour with a solution of ten times its weight of 
potassium hydroxide in a little water. The product was dissolved in 
water, the solution neutralised with acid, extracted with ether, and 
the crystalline residue remaining after evaporation of the ether, dis- 
solved in water and treated with lead acetate solution. A colourless 
precipitate was thus formed, which was collected, suspended in water 
and decomposed in the usual manner. From the aqueous liquid, by 
extraction with ether, a product was obtained which crystallises 
from water in colourless needles, melting at 195° and giving with 
ferric chloride in aqueous solution a green coloration. It was 
evidently protocatechuic acid. The filtrate from the lead salt of the 
above acid was found to contain phloroglucinol. 

Dyeing experiments were carried out with the colouring matter, 
using striped mordanted calico, and wool mordanted with chromium, 
aluminium, iron, and tin. The shades obtained were identical with 
those given by quercetin. The above results prove conclusively 
that the colouring matter of onion skins is quercetin. It may be 
mentioned that though no further confirmation is necessary, a bromine 
derivative was prepared which had all the properties of dibromo- 
quercetin. 

As above shown in the identification of this substance considerable 
pains have been expended, and this was considered necessary on 
account of the close similarity in external properties of the various 
known colouring matters of the quercetin group, and also the slight 
differences between the melting points of their derivatives. Numerous 
isomerides of quercetin have yet to be discovered and reasoning by 
analogy, these will probably possess very similar properties. 

It is interesting to note with regard to the quercetin group, that 
whereas fisetin is only known at present to exist in young fastic 
(Rhus cotinus), luteolin in weld (Reseda luteola), morin in old fustie and 
jackwood (Morus tinctoria and Artocarpus integrifolia), and rhamnetin 
and rhamnazin in Persian berries, quercetin itself has a much more 
widely distributed existence. For instance, it has been found present 
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in quercitron bark, Persian berries, catechu and in tea leaves; also in 
the bark of the apple tree and horse chestnut, and in numerous other 
natural products. That this coincidence is more apparent than real 
is possible, for there are indications that this is so in further work 
that is being carried out in this department on the yellow colouring 
matters of numerous plants. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College. 


LXXVIIL.—An Apparatus for showing Experiments 
with Ozone, 
By G. 8S. Newras. 


THis apparatus has been designed to 
show the contraction which takes place 
when oxygen is converted into ozone, 
and also the effect on the volume which 
results from the action of certain re- 
agents on the ozonised oxygen. The ap- 
paratus differs from others which have 
been constructed for the same purpose, 
only in the device which has been adopted 
for introducing the reagent without dis- 
turbing the volume of the gas. The 
inner tube of the apparatus is an elon- 
gation of the stopper, and has upon its 
side two little “ pimples,” a, a, about an 
inch apart in a vertical line. The outer 
tube has two similar “ pimples,” }, 5b, 
projecting inwards, and placed near tu- 
gether in a horizontal plane. The re- 
agent is contained in a fine, sealed glass 
tube, d, which is laid between the two 
points b, b, and held in position by the 
projections a, a, as in a clutch. 

Oxygen is admitted through the cock 
C, passing out through B; the apparatus 
is then placed in ice and water, and 
atmospheric pressure restored by ad- 
mitting a little more oxyger through C. 


ETHEREAL SALTS OF BENZOIC ACID. 
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FIG.XIX. MIXED OXIDES CONTAINING PHENYL AND ALCOHOL RADICALS. 
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One wire from the induction coil dips into the dilute acid in the 
elongated stopper, whilst the other dips into the ice and water. 

The contraction in volume which results upon ozonising the oxygen 
is indicated by the change of level of the liquid (sulphuric acid) in 
the little manometer, an image of which is thrown upon the screen. 
By twisting the stopper, the fine tube containing the reagent is 
crushed, without any disturbance of the level of the liquid in the 
manometer. If the reagent used is turpentine, it is possible to show 
with this apparatus that the contraction in volume due to the absorp- 
tion of the ozone is twice as great as that which takes place when the 
oxygen is ozonised. 

If, on the other hand, the reagent is such an one as potassium 
iodide, the apparatus enables one to demonstrate, that whilst iodine is 
liberated, the volume of the contained gas undergoes no alteration. 


LXXIX.—Colouring Matter of Sicilian Sumach, Rhus 


Coriaria. 
By Artuvr G. Perkin, F.R.S.E., and Georce Youne ALLEN. 


Ir is well known that numerous tannin matters such as sumach, 
catechu, divi-divi, &c., dye fabrics mordanted with aluminium pale 
yellow shades, and this, taken in conjunction with the dark bluish- 
black that they yield with iron mordant, has frequently been con- 
sidered as a property of the tannin substance they contain. As 
numerous members of the tannin class have been but superficially 
examined, and many of their principles have probably not yet been 
obtained in a pure condition, some of these, it is possible, may behave 
as mordant yellow dye-stuffs; on the other hand, however, Léwe has 
stated that both catechu and sumach contain quercitrin and quercetin 
(Zeit. anal. Chem., 1874, 12, 127), and it is thus evident that, in some 
cases at least, this dyeing property is due to the presence of a distinct 
colouring matter rather than to the tannin itself. 

With the object of determining how far this is the case, and with 
the desire of ascertaining the class of colouring matters they contain, 
such as are available are undergoing investigation. 


Sumach consists of the dried and powdered leaves of the genus 
Rhus (order Terebinthace), especially R. coriaria and R. cotinus. The 
former constitutes Sicilian sumach, the best known and most fre- 
quently used variety, the latter Venetian sumach, and it is interesting 
to notice that it is the wood of this tree (22. cotinus) which constitutes 
young fustic, the tinctorial properties being due to fisetin. Sumach 
is useful for tanning the finer kinds of leather, and also in dyeing and 
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calico printing on account of the tannin matter present in it. 
According to Chevreul, it contains a yellow colouring matter which 
separates in crystalline grains from a concentrated decoction on cool- 
ing (Watts’ Dict. Chem., 1874, 5, 614). 

We were unaware at the commencement of this investigation that 
Lowe (loc. cit.) had previously investigated this subject; had this 
been the case its re-examination would probably not have been 
attempted. In his paper, “Ueber das Vorkommen des Quercetins 
und Quercitrins in Catechu und Sumach,” Lowe states that from the 
different varieties of sumach, yellow, crystalline substances can be 
obtained if these be extracted with methylated spirit, and the extracts 
evaporated and treated with water. Crystals are thus obtained 
which differ from quercetin in that they are soluble in a large volume 
of boiling water, and this solution, on cooling, redeposits them, 
sometimes in needles, but more often in yellow flocks. Sicilian 
sumach was found to contain them in somewhat greater quantity 
than the other varieties. An average of the analyses of the products 
gave C = 52°60; H = 4°83 per cent., and they had farther the pro- 
perties of quercitrin. Our investigation shows that Sicilian sumach 
contains neither quercitrin nor quercetin, but the colouring matter 
described below, and the difference between our results and those of 
Lowe can only be accounted for by the supposition that either his 
sample of Sicilian sumach was not genuine, or that the close resem- 
blance between the appearance of this colouring matter and that of 
quercitrin caused him to believe them to be identical. 

The tannin of sumach has also been investigated by Lowe, who 
found it to be identical with the gallotannic acid contained in nut- 
galls. 


One thousand grams of ground Sicilian sumach was extracted for 
six hours with ten times its weight of boiling water, filtered through 
calico, and the filtrate, while still hot, treated with a solution con- 
taining 55 grams of lead acetate; the precipitate, which at first was 
pale yellow, on continued boiling, gradually became dirty white, and 
as on examination it was found to contain no colouring matter, but 
to consist almost entirely of a lead compound of the tannin matter, it 
was removed by filtration and washed with hot water. To the 
filtrate, excess of lead acetate solution was now added, the yellow 
precipitate thus formed being collected, washed with water, suspended 
in boiling water, and decomposed with dilute sulphuric acid. After 
removal of the lead sulphate, the clear liquid was extracted with ether, 
the ethereal extract evaporated to dryness, the crystalline residue 
dissolved in alcohol, and the solution treated with boiling water, On 
cooling, a small quantity of a crystalline matter separated, which was 
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collected, but as it was evident that by this treatment the quantity of 
the original product had considerably decreased, the filtrate was 
reserved for further examination. The residue was purified by 
crystallisation from dilute alcohol. The yield was 1:173 gram, or 
0'1173 per cent. 


0°1230, dried at 160°, gave 0°2557 CO, and 0:0400 H,0. C = 
56°69; H = 3°61. 

C,sH,O, requires C = 56°60; H = 3:14 per cent. 

It was obtained as a glistening mass of light yellow needles, 
closely resembling quercetin in appearance, bat was readily dis- 
tinguished from the latter by its reaction with solutions of the 
alkali hydroxides. Dilute potassium hydroxide dissolves it with a 
green coloration which, on exposure to or shaking with air, rapidly 
assumes a deep blue tint; this, in its turn, gradually changing to 
dull violet. Strong alkali dissolves it with an orange-yellow colora- 
tion, which is fairly permanent; this solution, on dilution, becomes 
green, and passes through the colour changes recorded above. With 
lead acetate in alcoholic solution, an orange-red precipitate is formed, 
whilst alcoholic ferric chloride gives a brown-black coloration. Upon 
wool mordanted with chromium, aluminium, and tin, it gives respec- 
tively red-brown, brown-orange, and bright red-orange shades, which 
closely resemble those obtained from quercetin and fisetin ina similar 
way. 

Sulphuric acid Compound.—When treated with mineral acids in 
the presence of acetic acid, the colouring matter yielded orange to 
orange-red crystalline compounds, readily decomposed by water. The 
sulphuric acid compound was analysed. 


01278 gave 0°2037 CO, and 0°0350 H,0O. C = 43°46; H = 3:03. 
CisHioOs,H2SO, requires C = 43°26; H = 2°58 per cent. 
Acetyl Compound.—In order to prepare the acetyl compound the 
colouring matter was digested with three parts of acetic anhydride 
and one of anhydrous sodium acetate at the boiling point for one hour. 
The product was poured into water, and after standing 12 hours, the 
precipitate was collected and crystallised from alcohol. 


0°1201 gave 0°2497 CO, and 00420 H,O. C = 56:70; H = 3°88. 
C,sH,O,(C,H;0), requires C = 56°84; H = 3°86 per cent. 


It was obtained as colourless needles, melting at 203—204°, and 
sparingly soluble in alcohol. 

Action of Fused Alkalis—The colouring matter was heated at 
150—170° for half an hour with 10 times its weight of potassium 
hydroxide dissolved in a little water. The melt was dissolved in 
water, neutralised with acid, extracted with ether, the extract evapo- 
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rated, and the residue dissolved in a little boiling water and treated 
with lead acetate solution. The precipitate was collected, washed 
with water, decomposed in the usual way, the clear solution extracted 
with ether, and the extract evaporated. The residue, when purified 
by crystallisation from water, was obtained as needles melting at 
235° to 240°, with evolution of gas. It was found to be gallic acid. 

The filtrate from the lead precipitate was treated with sulphuric 
acid to decompose lead compounds present, extracted with ether, and 
the extract evaporated. The residue left was too small for complete 
purification, but as its aqueous solution gave, with fir-wood and 
hydrochloric acid, the phloroglucinol reaction, it evidently contained 
this substance. 

From these results it is evident that the colouring matter of 
Sicilian sumach is myricetin, C,;H,O,, which, as demonstrated in a 
preceding paper, exists in the Indian dye-stuff, Myrica nagi (this vol., 
p- 1289). 

The acetyl compound of this substance melts at 203—204°; on 
fusion with alkali, it yields phloroglucinol and gallic acid, more- 
over, its dyeing properties are identical with those of the colouring 
matter of Sicilian sumach. ; 

It is remarkable that its existence in a product so Jargely used 
should have been so long undetected, for although in external pro- 
perties it is very similar to quercetin, yet its characteristic reaction 
with dilute alkali at once distinguishes it from this coiouring 
matter. 

As previously stated, it was evident that the ethereal extract 
obtained during the isolation of the myricetin contained a second 
substance distinguished by its ready solubility in dilute alcohol. The 
filtrate from the myricetin was, therefore, extracted with ether, the 
extract evaporated, and the crystals which separated from the residue 
on standing, collected and drained upon a porous tile. It was puri- 
fied by crystallisation from water. 


0°1079 gave 0:1972 CO, and 0°0350 H,0. C = 49°84; H = 3°60. 
01216 ,, 02223 ,, , 00406 ,, C = 49°85; H = 3°70. 
C,H,O; requires C = 49°41; H = 3°52 per cent. 


The product consisted of nearly colourless needles melting at 
238—240°, with evolution of gas. With ferric chloride, in aqueous 
solution, it gave a blue-violet coloration, and when heated with 
sulphuric acid at 140°, a product was obtained having the reactions 
of rufigallic acid. It was evidently gallic acid. 


In order to determine whether myricetin existed in this sample of 
sumach chiefly in the free state, or whether its isolation in the 
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manner above described was due to the decomposition of a glucoside, 
an aqueous extract was extracted with ether. The residue obtained 
on evaporating the extract consisted principally of myricetin* and 
gallic acid, and in such quantity that it was evident that little or no 
glucoside could be present in the sumach. It is probable that in the 
fresh leaves a glucoside exists, for there seems to be little doubt 
that this is the original condition of all vegetable colouring matters. 

In investigating the dyeing properties of sumach, wool mordanted 
with chromium, aluminium, andtin was employed. The shades pro- 
duced were respectively pale olive, olive-yellow, and pale yellow, but 
these were extremely weak when compared with the well-known 
natural yellow dye-woods. 

We feel it desirable to reinvestigate the other varieties of sumach, 
and hope to do so if we can obtain them of guaranteed purity. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College. 


LXXX.—The Colouring Matter of Querbracho Colorado. 


By Arruur Georce Perkin, F.R.S.E., and Oswatp GuNNELL. 


THe Querbracho colorado is an anacardiaceous tree growing in the 
northern part of the Argentine Republic, the wood of which consti- 
tutes the well-known tannin substance, “querbracho.” It is as 
suitable as sumach for the production of Morocco leather, especially 
in the preparation of the darker colours, and it has also been found 
useful, in conjunction with alum, for the production of the finer 
leathers, as in this way it gives a bright yellow shade instead of the 
redder colours produced in the ordinary way. 

Jean (Bull. Soc. Chim., 1880, 33, 6) found that it contained 15°7 
per cent. of a tannic acid not identical with that of oak bark or 
chestnut wood, and, according to Arnaudon ( Watts’ Dict. Chem., 
8, 1732), there is also present a colouring matter which gives a fine 
yellow dye. 

The material employed in this investigation was an extract of 
Querbracho colorado, specially obtained for us, and in order that there 
might be no doubt as to its purity, application was made to Mr. H. 
R. Procter, Lecturer on Leather Industries, Yorkshire College, who 

* The myricetin obtained by merely extracting an aqueous decoction of the 
sumach with ether, was more difficult to purify than that obtained by the method 


described at the commencement of this paper. Although apparently simpler, it 
was far less effective than the latter method. 
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very kindly examined it, and found that its reactions were identical 
with those given by a decoction of the wood itself. 

The preliminary experiments on the isolation of the colouring 
matter were carried out by fractionally precipitating an aqueous solu- 
tion of the extract with lead acetate, this method having been found 
of considerable service for the isolation of the colouring matters con- 
tained in Myrica nagi (this vol., p. 1288) and Sicilian sumach (see 
preceding paper). By this means the presence of the colouring 
matter was detected ; but this was mixed with a wax-like substance, 
which could only be removed with difficulty, for the amount of 
colouring matter obtained was very small. Ultimately a new method 
was devised which gave better results. 

To a solution of 1,500 grams of the extract in 1,500 c.c. of water, 
350 c.c. of sulphuric acid diluted with a little water was added, and 
the whole digested at the boiling heat. From the opaque liquid, a 
dark coloured, sticky product quickly separated in large quantity ; 
as soon as this had ceased to be deposited, and the supernatant 
liquid was clear, the mixture was strained through calico, the 
filtrate extracted with ether, and the extract evaporated. During 
the evaporation, the solution gradually became opaque, and an 
orange-brown, crystalline powder commenced to separate, and con- 
tinued to do so until the whole became completely dry ; the residue 
was treated with boiling, very dilute alcohol, in which part only was 
soluble, and the mixture allowed to remain for 12 hours, during which 
time a pale yellow precipitate had separated. The whole was col- 
lected, and, after being washed with water (the filtrate C being re- 
served for further examination), was extracted with a little boiling 
alcohol (A); the small quantity of an insoluble residue (B) which 
remained evidently consisted of the crystalline matter referred to 
ahove as separating from the ethereal solution during its evaporation. 
The alcoholic extract (A) was evaporated to a small bulk, treated 
with twice its volume of boiling water, and the crystals of the colour- 
ing matter, which were deposited on cooling, were collected and 
purified by recrystallisation from dilute aleohol. The yield of pure 
colouring matter obtained by this means averaged 0°25 gram from 
1,500 grams of the extract, or 0°016 per cent. 


0°0944, dried at 160°, gave 0°2168 CO, and 00318 H,0. C = 62°63 ; 


H = 3°74. 
C,;H,O, requires C = 62°94; H = 3°49 per cent. 


It consisted of a glistening mass of fine yellow needles, readily 
soluble in alcohol, more sparingly in ether. Alkaline solutions dis- 
solved it with an orange-yellow coloration, and, when treated with 
lead acetate in alcoholic solution, an orange-coloured precipitate was 
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obtained. With alcoholic ferric chloride, it yielded a dark green 
coloration. On treatment with mineral acids in the presence of acetic 
acid, orange-red, crystalline acid compounds were produced ; but the 
amount of material at our disposal was so exceedingly small that we 
were unable to prepare sufficient of these substances for analysis. On 
calico mordanted with aluminium and iron, it gave respectively bright 
orange, and dark greenish, olive-coloured shades. 

Benzoyl Compound.—The colouring matter was heated with excess 
of benzoic anhydride at 170—175° for four hours, the product dis- 
solved in acetic acid, and poured into a large volume of alcohol, 
After 12 hours, a colourless precipitate had deposited which was col- 
lected, washed with boiling alcohol, and crystallised from a mixture 
of alcohol and chloroform. 


01316 gave 0°3540 CO, and 0:0483 H,O. C = 73:36; H = 4:07. 
C,;H.O,(C;H;O), requires C = 73°50; H = 3°70 per cent. 


It crystallises in colourless needles melting at 180—181°, almost 
insoluble in alcohol, but readily in chloroform, acetone, and benzene. 

Acetyl Compound.—A mixture of three parts of acetic anhydride, . 
one part of anhydrous sodium acetate, and one of the colouring matter 
was digested at the boiling point for one hour; the liquid was 
then poured into water, and, after standing 12 hours, collected, and 
crystallised from alcohol. It formed colourless needles melting at 
196—198°, sparingly soluble in alcohol. 

01197 gave 0:2676 CO, and 0:0443 H,O. C=60°97; H = 411. 

C,;H.O.(C,H;O), requires C = 60°79; H = 3:96 per cent. 


Fusion with Alkali —0O-4 gram of the substance was heated at 
170—200° for half an hour with 10 grams of potassium hydroxide 
dissolved in a little water, and the melt was then poured into water, 
neutralised with acid, the products of the action extracted by means 
of ether, and dissolved in a little water. The addition of lead 
acetate to this solution caused the formation of an almost colour- 
less precipitate, which was collected, suspended in water, and de- 
composed with dilute sulphuric acid. After removal of the lead 
sulphate by filtration, the filtrate was extracted with ether, the ex- 
tract evaporated, and the residue purified by crystallisation from 
water. The product consisted of needles melting at 194—195°, the 
aqueous solution of which gave a green coloration with ferric 
chloride. There could be little doubt that this substance was proto- 
catechuic acid. 

To the filtrate from the lead precipitate, sulphuric acid was added, 
the clear liquid decanted from the lead sulphate, extracted with ether, 
and the extract evaporated. A very small quantity of a residue was 
obtained, which in aqueous solution gave a violet coloration with 
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ferric chloride; to further purify it, it was distilled in a test-tube, and 
the crystalline product again sublimed between watch glasses. The 
crystals obtained melted at LOO—101°, and appeared to consist of 
resorcinol, although not quite pure, as a sample of this from Kahl- 
baom melted at 108—109°. It is interesting to note that the presence 
of phloroglucinol could not be detected among the products of the 
reaction. The colouring matter present in Querbracho colorado was, 
therefore, apparently fisetin, C;;HoO., and to corroborate this a small 
quantity was prepared from young fustic (Rhus cotinus) and the two 
substances compared side by side as regards their dyeing properties. 
Asa result no difference could be detected in the shades obtained, and 
moreover the two products appeared identical as regards their general 
properties. The melting point of acetylfisetin, C,;H,O.(C.H;0),, 
is given by Herzig as 196—199°, by Schmid (Ber., 1876, 9, 
1742) as 200—201°, and that of the benzoyl derivative as 184—185° 
by the latter chemist. As our benzoyl compound melted, how- 
ever, four degrees lower, 180—181°, some benzoylfisetin was prepared. 
and this was found to melt at 181—182°; this small difference 
of one degree can readily be accounted for, if our product con- 
tained some trace of an impurity, for the small quantity available did 
not admit of its subjection to any special purification. In fact the 
total amount of colouring matter at our disposal for this investiga- 
tion was but from 1°3 to 1°5 gram. 

There can, therefore, be but little doubt that this substance is 
fisetin, which it is interesting to notice has previously only been 
known to exist in Rhus cotinus. 

Insoluble residue B.-—The orange-brown, crystalline product re- 
maining undissolved in alcohol during the purification of the fisetin 
was found to be so sparingly soluble in solvents that it could not be 
further purified. It was, therefore, analysed in this condition. 


0°1256 gave 0°2295 CO, and 0:0385 H,O. C = 49°13; H = 3°40. 
©O,,HiOo requires C = 49°70; H = 2°96 per cent. 


This substance, which under the microscope had the form of thick 
prisms, was almost insoluble in boiling acetic acid, alcohol, and nitro- 
benzene, but soluble in dilute alkalis with an orange coloration which 
on exposure to air became somewhat redder in tiut. If dissolved in 
boiling very dilute alcoholic potash, and the solution neutralised 
with boiling acetic acid, a nearly colourless precipitate separated, 
which under the microscope appeared as fine needles. If this con- 
sisted of the original substance, as appeared to be the case, it still 
being but little attacked by solvents, this method would be available 
for its purification, but with the small quantity at our disposal we 
hesitated to adopt it. Suspended in alcohol and treated with ferric 
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chloride solution, it was coloured first green and then blue-black, and 
when added to nitric acid and the solution diluted with water, a deep 
red liquid was obtained. This substance had, therefore, the properties 
of ellagic acid with one of the formule assigned to which (CyHOv, 
_or CyH,0,,H,0) the above analysis agrees fairly well. Judging, 
however, from the properties of ellagic acid, it is highly probable that 
its molecular weight is considerably higher than that represented by 
this formula, and we hope shortly to commence an investigation on 
this interesting substance. Ellagic acid has been previously found 
in divi-divi (Léwe, Zeit. anal. Chem., 1875, 14, 40), and in mira- 
bolans, oak bark, and various other tannin matters, where it appears 
to exist in the form of what is known as ellagi-tannic acid from 
which ellagic acid is produced by heating at 110°. As far as we are 
aware ellagic acid has not been previously shown to exist in the 
Querbracho colorado. 

The aqueous filtrate, C, obtained during the purification cf the 
crude fisetin (p. 1304) was extracted with ether, the extract evapo- 
rated, and the residue treated with a little hot water. On cooling, a 
semi-solid crystalline mass was obtained which was collected by 
means of the pump, the residue dissolved in water, and the solution 
saturated with salt which caused the precipitation of a brown, sticky, 
product; after removing the latter by filtration, the filtrate was 
extracted with ether, and the residue obtained on evaporating the 
yellow extract was dissolved in water, and treated with sufficient 
lead acetate solution to precipitate about one-third of it. This was 
filtered off, the filtrate extracted with ether, and the product thus 
obtained finally purified by crystallisation from water. 


0°1145, dried at 140°, gave 0°2064 CO, and 00392 H,O. C = 49°16; 
H = 3°80. 

C,H,O; requires C = 49°41 ; H = 3°52 per cent. 

It formed a mass of colourless needles which melted at 235—240° 
with evolution of gas. Treated with ferric chloride in aqueous 
solution, a deep blue coloration was produced, and when heated with 
sulphuric acid at 140°, it was converted into a substance having the 
reactions of rufigallic acid. It was evidently gallic acid, and its 
presence here in considerable quantity appeared to be due largely 
to a decomposition of the tannin matter by the strorg acid employed 
for the isolation of the fisetin. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College. 


LXXXI.—The Chemical Inactivity of Réntgen Rays. 


By Harotp Batty Dixon and H. Brereton Baker. 


Tue authors have investigated the effect of X rays on some chemical 
actions, but the results have hitherto been negative. The source oi 
the rays in most cases was a bulb of the form devised by Mr. Herbert 
Jackson. ‘The bulb and coil were enclosed in a metal box, connected 
to earth, with an aluminium window just above the bulb. The sub- 
stances were enclosed in thin glass bulbs, provided with aluminium 
windows when the nature of the substance allowed the use of this 
metal. When aluminium would have been attacked by the sabstance 
used, the containing vessels were bulbs so thin that they gave only a 
faint annular shadow on a screen of potessium platinocyanide. 

The exposure was usually half an hour, the efficiency of the bulb 
being tested at frequent intervals with the fluorescent screen. 

The effect was tried on mixtures of (1) carbon monoxide and 
oxygen (dried and moist); (2) hydrogen and oxygen; (3) carbon 
monoxide and chlorine; (4) hydrogen and chlorine; (5) hydrogen 
sulphide and sulphur dioxide (dried). 

No combination, either explosive or gradual, occurred between the 
gases exposed. In the case of the dried mixture of carbon mon- 
oxide and oxygen, sparks were passed through the mixture while it 
was exposed to the Réntgen rays. Each spark produced slight com- 
bination in its path, but no difference could be detected in its action 
when the rays were falling on the mixture and when they were not. 

The combination of chlorine with carbon monoxide and with hydro- 
gen is effected by light. The rate of combination in both cases 
depends on the intensity of the light. It is easy to measure accu- 
rately the rate of combination of these gases when combining slowly ; 
and then, on allowing the Réntgen rays to fall upon the mixtures, to 
observe any alteration in the rate of union. Dr. A. Harden, who is 
investigating the union of varbon monoxide and chlorine, was good 
enough to measure the rate of combination in the presence and 
absence of the Réntgen rays. No difference could be detected. For 
the combination of chlorine and hydrogen, an apparatus somewhat 
similar to that used by Bunsen and Roscoe was employed. Not only 
did the Réntgen rays have no effect on hydrogen and chlorine in the 
dark, but they did not alter the rate of combination due to the action 
of light. The effect discovered by Pringsheim—a sudden expansion 
and slow return of the gases to their original volume under the 
influence of the light from a bright spark—was also examined, in 
presence and absence of Réntgen rays. No difference could be 
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detected. The Roéntgen bulb in these cases seemed to act merely like 
a warm body would do in its place.* 

A solution of sodium sulphite exposed to the rays showed no 
greater absorption of oxygen than a similar solution which was pro- 
tected. Hydrogen peroxide was apparently unaffected. The glowing 
of two pieces of phosphorus, one of which was exposed to the rays, 
and the other shielded by a thick piece of platinum, showed no per- 
ceptible difference. 

It was thought that, since the rays cause electric discharge from 
metallic bodies, they might show some effect on electrolysis. A cell 
with an aluminium bottom was filled with distilled water, and con- 
nected with a battery and a delicate Thomson galvanometer. The 
latter was placed at some distance from the box containing the coil 
and bulb, and was shielded by a thick, earth-connected iron screen. 
No effect was observable when the rays were passed through the cell, 
and when, by the addition of a small quantity of sulphuric acid, the 
liquid became a conductor, the rays produced no sensible increase or 
decrease in the conductivity of the liquid. Though the experiments 
described all gave negative results, it is probable that the rays may 
exert some direct influence on chemical action, only this result may 
be too small to be measured. 

In the action on a photographic plate, which is believed to be 
chemical in its nature, it must be remembered that a very small force 
will produce a result which is very apparent. The action of the X 
rays on a sensitive plate is probably caused either directly, or by the 
fluorescence of the film. That it is not due to the fluorescence of the 
glass behind the film is shown by examining a section of the film 
with the microscope, when the deposit of silver is found to be entirely 
on the side of the film directly exposed to the rays. 


LXXXII.—Position-isomerism and Optical Activity ;. the 
Methylic and LEthylic Salts of ortho-, meta-, and 
para-Ditoluyltartaric acids. 

By Percy Franxianpd, Ph.D., F.R.S., and Freperick Ma.cotm 


Wuarton, A.I.C., Priestley and late Forster Scholar in Mason 
College, Birmingham. 


Tue object of the present investigation has been to ascertain the 
effect of position-isomerism on the optical activity of a substance 
containing a benzene ring. We have in the first instance selected 


* Our thanks are due to Professor Schuster and Mr. J. Burke for their assist - 
ance in these experiments. 
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tartaric acid, and have studied the effect of introducing the toluy] 
group in its three isomeric forms (ortho-, meta-, and para-) into 
methylic and ethylic tartrates. We have in fact prepared and 
examined the optical activity of six compounds, viz., methylic 
ditoluyltartrate (ortho-, meta-, and para-) and ethylic ditoluyl- 
tartrate (ortho-, meta-, and para-). 

The methylic and ethylic paraditoluyltartrates have already been 
prepared by Freundler (Thesis, Paris, 1894, 47), but their optical 
activity was only determined in alcoholic solution, whilst we have in 
all cases determined the rotation in the liquid state and over a wide 
range of temperature. 


Preparation of Methylic and Ethylic Tartrates. 


These were prepared by the well known hydrochloric acid method, 
using the slight modification, introduced by Freundler, of producing 
in the first instance the acid methylic and ethylic tartrates. Thus, 
50 grams of tartaric acid, which had been previously dried for 
three hours in a steam oven, were mixed in a flask with 100 grams 
of absolute alcohol (ethylic or methylic), and the mixture allowed 
to stand over night. The alcohol was then distilled off on a water 
bath, and the residual syrup transferred to a dish and placed for 
three hours in the steam oven. It was then again transferred to a 
flask, 100 grams of absolute alcohol added, and dry gaseous hydrogen 
chloride passed through to saturation, the flask being kept cool by 
immersion in cold water. Dry air was then bubbled through for 
about five hours, after which the liquid was placed in a dish over 
slaked lime in a vacuum desiccator for six days, so as to remove the 
greater part of the hydrogen chloride. The liquid was then distilled 
under reduced pressure (9 mm.); the alcohol passed over at about 
45°, and then the temperature suddenly rose to 164°, the ethylic 
tartrate (51 grams) passing over between 164° and 168°. This crude 
product was then refractionated under reduced pressure until the 
rotation remained constant. The final products thus obtained 
exhibited the following rotations in the polarimeter. 


Methylic tartrate... % = pat (1 = 1, temp. = 20°, in state of 
Ethylic ~ o ep =z +9P superfusion). 


Preparation of Ortho-, Meta-, and Para-toluyl Chlorides. 


As the ditoiuyl compounds were in each case to be obtained by the 
action of the particular toluyl chloride on the methylic and ethylic tar- 
trates, it was in the next place necessary to prepare the three toluy] 
chlorides. This was in each case done by the action of phosphorus 
trichloride on the corresponding toluic acid. 
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The orthotoluic acid (Kahlbaum) used melted at 102°. 50 grams 
were placed in a Wurtz flask, the lateral tube of which was provided 
with a condenser, the flask was heated to 110° in an oil bath, and 18 
grams of phosphorus trichloride gradually added from a dropping 
funnel. Hydrogen chloride was copiously evolved, and when all 
the phosphorus trichloride had been added, the flask was heated at 
170° for 14 hour. On subsequent distillation, some excess of phos- 
phorus trichloride passed over, after which the vacuum was applied, 
and the orthotoluyl chloride came over at 103°(8 mm. pressure). The 
product was found to contain some phosphorus compounds, and was 
therefore redistilled under reduced pressure, a little of that passing 
over first being rejected; the main portion came over at 102° 
(7 mm. pressure), and this was found to be free from phosphorus. 

The paratoluy] chloride was prepared in precisely the same way ; 
the paratoluic acid (Kahlbanm) used had a melting point of 178:3° 
(corr.). The purified paratoluyl chloride passed over at 107° (8 mm. 
pressure). 

The metatoluic acid obtained from Schuchardt melted at 104°5°, 
whilst the pure acid is said to melt at 109°. By repeated recrystalli- 
sation from water, the melting point was brought up to 108°5°, further 
crystallisation producing no change. 

The metatoluyl chloride was prepared in the same way as the 
ortho- and para-compounds described above; it distilled at 109° 
(8 mm. pressure). 


Ethylic Orthoditoluyltartrate. 


Forty-two grams of orthotoluyl chloride were heated to 140°, and 
14 grams of ethylic tartrate were then slowly added from a dropping 
funnel with constant agitation; the toluy! chloride taken was twice 
that theoretically required to produce the ditoluyl compound. When 
the action was complete, the excess of toluyl chloride was distilled off 
under reduced pressure, whilst the product of the reaction came 
over at 280° (7 mm. pressure). From the weight of the crude pro- 
duct (28 grams) it was at once apparent that it was the ditoluyl, and 
not the monotoluyl compound which had been formed. This crude 
product was a syrupy liquid, possessing when cold a yellowish-green 
fluorescence. It was dissolved in ether and washed with a solution 
of sodium carbonate. All attempts to crystallise the substance, both 
by placing it in a vacuum desiccator as well as by the use of the 
most varied solvents, failed. It was redistilled and again washed 
with sodium carbonate, but without affecting its rotation, so that it 
was then submitted to analysis, with the following results. 
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0°2344 gave 0°5579 CO, and 0°1261 H,O. C = 6491; H = 5:97. 
O3213 , 03373 ., , VU , C = 65:00; H = 6°08. 
C»4H,,.0, requires C = 65°16; H = 5°88 per cent, 

The following density determinations of the ethylic orthoditoluyl- 
tartrate were made. 
d 30°/4° = 1:1705. d 47°8°/4° = 1:1567, d 70°/4° = 1°1359. 
d@100°/4° = 1°1116. ; 


From these by extrapolation were calculated 
d 11°/4° = 11867. d 135°/4° = 1:0833. 
These densities enabled the specific rotation [a@]p to be calculated 


for all these temperatures at which the rotation was observed in a 
jacketted polarimeter, the length of tube in each case being 44 mm. 


Rotation of Ethylic Orthoditoluyltartrate. 
eS 
~ 0:44 x 11867 —— 
a... > aa 
~ 044 x 11705 — oe 
0 —30°30° 
49:°5—48° = 
O44 x 1:1567 
__ _—28°97° 
~ 044 x 11359 
_ - —26°77° 
~ 044 x 11116 
_ = 2401 
~ 0°44 x 10833 
The influence of temperature on the specific rotation of this com- 
pound is graphically represented in the diagram, p. 1316. 


[a ]p at 11° 


30° 


= —59°53. 


70° = —57°96. 


100° = —54'73. 


135° = —50°37. 


” 


Methylic Orthoditoluyltartrate. 


This was prepared on the same lines as the ethylic compound 
described above. 

Forty-eight grams of orthotoluyl chloride and 14 grams of methylic 
tartrate were employed, the mixture was made at 140°, the tempera- 
ture being finally raised to 180° for 20 minutes. In the subsequent 
distillation, the product, 37 grams of which were obtained, began 
distilling at 276°, the greater portion passing over at 280° (8 mm. 
pressure). Like the ethylic compound, it was a fluorescent syrup, 
but after washing in ethereal solution with sodium carbonate, it was 
obtained in a crystalline form from methylated spirit ; the crystals 
were prismatic, somewhat resembling those of cane sugar. It is 
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sparingly soluble in cold, but readily in hot, methylated spirit. The 
crystals melt at 56°. The fused crystals exhibit no fluorescence. 
On analysis, the following results were obtained. 


I. 0:2165 gave 0°5054 CO, and 0:1052 H,O. C= 6365; H = 540. . 
II. 02012 ,, 04692 , , 01002 , C=6360; H = 5°53. 
C»H..0, requires C = 63°77; H = 5°31 per cent. 


The following density determinations of the methylic orthoditoluyl- 
tartrate were made. 


d 70°/4° = 11803. d 100°/4° = 171516. 
From which can be calculated 
d 12°/4° = 1:2354. d 54°5°/4° = 11950. d 136°/4° = 11174. 


These densities enabled the specific rotation [a]p to be calculated 
for all these temperatures at which the rotation was observed ; the 
length of the polarimeter tube was in each case 44 mm. 


Rotation of Methylic Orthoditoluyltartrate. 


—42°30° 
_ — —'7'7.Q90 
0°44 x 12354 1798 (1). 


—424l _ = —7842 (II). 


[a |p at 12° 


19 


— 0-44 x 12291 


.: ——— 
~ O44 x 12152 ~ — on 


a 
~~ 0:44 x 11950 — sintiaas @). 
—. ——— 
i <o.  i 
_ 8 447° 
~ 0:44 x 11516 


=. a 
“sa cto" OO 


—30°13° 

“sax;tan" "7? ®. 
= 30°32° 
= O44 x 11162 
_ 248 9° 
~ 0°44 x 10722 — 


100 = —68:03 (1). 


100 


136 


137 = —61'74 (ID), 


oe 183 —52:76 = (II). 

Note.—The determinations “I” were made in one series and at one 
time; those marked “II”? were made several months later to check 
the previous results. 
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Ethylic Paraditoluyltartrate. 


The method of preparation was the same as that already described 
above. 

Forty-five grams of paratoluyl chloride and 15 grams of ethylic 
tartrate were employed, 30 grams of crude product passing over at 
about 280° (7 mm. pressure) being obtained. When cold, it solidified 
completely ; it was dissolved in hot methylated spirit, from which it 
crystallised in beautiful, large, and long prismatic needles somewhat 
resembling the crystals of ammonium nitrate. After recrystallisa- 
tion, the final melting point was found to be 92—93°. 

On analysis, the following results were obtained. 


I. 0°2025 gave 0°4820 CO, and 0'1096 H,0. C = 6492; H = 6:01. 
II. 0:2065 ,, 04909 , , 01109 , C6483; H = 597. 
CHO, requires C = 65°16; H = 5°88 per cent. 

The following density determinations of the ethylic paraditoluyl- 
tartrate were made. 
d 100°/4° = 1:0972. d 136°/4° = 1:0688. 
From which, by extrapolation, 
d 183°5°/4° = 1°0308, 
d 137°/4° = 1:0680 were calculated. 


The specific rotations for the same temperatures may be calculated 
from the observed rotations determined with a tube of 44 mm. length 
as follows. 


Rotation of Ethylic Paraditoluyltartrate. 
—43°44° 


ee — _29-92¢ 
[2]p at 100° = — "= — 80:98". 


— we 

“tix 
—— = 
oe) “cas ee 


137 


9 


The influence of temperature on the rotation is graphically 
exhibited in the diagram on p. 1316. 

As already mentioned, this substance has been prepared by 
Freundler, who obtained it somewhat differently, namely, by the 
etherification of diparatoluyltartaric anhydride with alcohol and 
hydrochloric acid. The melting point of his product, 92—93°, is 
identical with that of ours, and the figures which he gives for its 
rotation in alcoholic solution are 


Temp. = 16°, length of tube = 400 mm., concentration = 0°8694, 
observed rotation ap = —3° 6’, [a]p = —89°1° 
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To compare the rotation of our substance with that of his, we have 
made the following determination in alcoholic solution. 


Temp. = 15°5°, length of tube = 198'4 mm., concentration = 

0°8676, observed rotation a = —1°627°, [a]p = —94'52°. 

The result is thus somewhat higher, but the difference is incon- 
siderable when it is borne in mind with what an extremely dilute 
solution the observation had to be made, any difference being thus 
enormously multiplied. 


Methylic Paraditoluyltartrate. 


This was similarly prepared, and was obtained in the first instance 
as a viscid, fluorescent liquid, which rapidly set to a crystalline 
mass. It was repeatedly crystallised from methylated spirit. The 
crystals, which are slender needles arranged in radiating tufts, melt 
at 88°5°. 

On analysis, the following results were obtained. 

I. 0:2170 gave 0°5050 CO, and 0°1059 H,O. C = 63:46; H = 5°42. 
II. 0:1999 ,, 04638 ,, , 00991 , C=6328; H= 5°51. 
IIT. 02106 ,, 04917 ,, ,, 01022 , C=6368; H = 5°39. 
C..H.0, requires C = 63°77; H = 5°31 per cent. 

The following density determinations were made with this methylic 
paraditoluyltartrate. 

d 100°/4° = 11399. d 136°/4° = 11091, 
From which by extrapolation the density at 183° was calculated as 
d 183°/4° = 1:0687. d 135°5°/4° = 1:1095. 
At these temperatures, 100°, 136°, and 183°, the rotation was also 


observed, and from these data the specific rotations can be calculated 
as follows :— 


Rotation of Methylic Paraditoluyltartrate. 


ot 


Oo a 
[2]p at 100° = ox T1399 > 


—44°68° 
—7—-——sxx, a —§) $8. 
0°44 x 1:1095 ’ 
—36°16° 7 
so = = —/76'90. 
n 1838 = Ga x 10087 ~~’ 

After the rotation had been observed at 183° it was again taken at 
100° to see whether it had been altered by raising it to this high 
temperature, but no change whatever was found to have taken 
place. 
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The influence of temperature on the rotation is exhibited in the 
diagram. 


[a}p 


of Methylic and Ethylic Ditolwyltartrates, 


10n O 


Temperature in centigrade degrees. 
Temperature in centigrade degrees. 


3 
i} 
r= 
=) 
s 
S 
a, 
™M 
& 
Ss 
4 
i) 
D 
a 
~} 
~ 
3 
§ 
B 
> 
<3) 
S 
= 
) 
3 
S 


3 
— = fe] 

This substance was also prepared by Freundler by the etherifica- 
tion of diparatoluyltartaric anhydride, its melting-point was 86—87°, 
whilst that of our preparation is 885°. Freundler obtained the 
following rotation in alcoholic solution. 
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Temp. = 16°, length of tube = 400 mm., concentration = 0°8660, 
observed rotation a = —3° 46’, [a]p = —108°7°. 


The rotation of our specimen of methylic paraditoluyltartrate in 
alcoholic solution was 


Temp. = 15°5°, length of tube = 198°4 mm., concentration = 0°8679, 
observed rotation a = —1°931°, [a]p = —112°14°. ; 


thus the difference in the rotation of the two preparations is incon- 
siderable, when the extreme dilution of the solutions examined is 
borne in mind. 


Ethylic Metaditoluyltartrate. 


This was prepared in the same way as already described for the 
previous compounds. 

Fourteen grams of ethylic tartrate were run drop by drop into 
42 grams of metatoluyl chloride heated to 120°, the temperature being 
gradually raised to 180°. After distilling off the excess of meta- 
toluyl chloride, the crude product passed over at 279—283° (6 mm. 
pressure). It was further purified by washing it in ethereal solution 
with sodium carbonate, as described for ethylic orthoditoluyltartrate, 
and like the latter it was highly viscous, could not be crystallised from 
any solvent, and it exhibited the same yellowish-green fluorescence. 
It was again distilled and washed, without any alteration in its rota- 
tion taking place, and was then submitted to analysis with the 
following results. - 


01933 gave 0°4595 CO, and 0°1049 H,O. C = 6483; H= 6°03. 
01886 ,, 04479 ,, ,, 01006 ,, C= 6477; H= 5°93. 
CHO, requires C = 65°16; H = 5°88 per cent. 

The density of the ethylic metaditoluyltartrate was determined at 
the following temperatures. 


d 100°/4° = 1:0967. d 136°/4° = 1:0673. 


From which by extrapolation were obtained the other densities made 
use of in the calculations for specific rotation given below. 


Rotation of Ethylic Metaditoluyltartrate. 
(Length of polarimeter tube in each case was 44 mm.) 
—35°43° 
= —69°31°. 
0°44 x 1:1617 . 


—35:10° | 
~ 044 x 11584 eer. 
—34°75° 
0°44 x 1°1420 , 
472 


At 20°5° [2]p = 
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So a ee 
va x Fists =~ ™- 
{=P 
~ 044 x 1:0971 — 


At 50° [a]p = 


—64°38. 


—3076° 
~ 0:44 x 1:0967 


” 100 —63°74. 


oo ee 
044 x 10673 
Methylic Metaditoluyltartrate. 


a —58°71. 


This was prepared, in the same way as the previous compounds, 
from 14 grams of methylic tartrate and 48 grams of metatoluyl 
chloride. After distilling off the excess of metatoluyl] chloride, the 
crude product passed over at 283° (about 6 mm. pressure). This, 
which was a thick syrupy, fluorescent liquid, was washed in ethereal 
solution with sodium carbonate, and subsequently crystallised from 
methylated spirit ; the melting point was 83°. 

On analysis, the following results were obtained. 

0°1718 gave 0°3998 CO, and 0:0833 H,O. C = 63°47; H = 5:39. 

01862 ,, 04325 ,, ,, 0°0888 , C= 63°34; H = 5:27. 

01878 ,, 04375 , , 00918 , C=63°53; H= 543. 

C.H»2O; requires C = 63°77; H = 5:31 per cent. 

With this methylic metaditoluyltartrate, the following density 

determinations were made. 


d 100°/4° = 1°1395. d 136°/4° = 1°1090. 
From which by extrapolation is obtained 
d 183°/4° = 1:0692. 


The rotation was observed at these temperatures, and from the 
figures obtained the specific rotations can be calculated. 


Rotation of Methylic m-Ditoluyltartrate. 
(Length of polarimeter tube in each case = 44 mm.) 


e ie) 

[a]p at 100° = «a = —79:02°. 
_ = —84r4.4° 

~ 0-44 x 11090 
_  —- —28°68° 

~ 044 x 1:0692 


= —70°58. 
= —60°96. 


Influence of Temperature on the Rotation. 


That the rotation of the etheral salts of tartaric acid is highly 
sensitive to temperature has been shown many years ago by Perkin 
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(Trans., 1887, 51, 363), and ky Pictet (Thesis, Geneva, 1881), whilst 
recent investigations of Le Bel (Compt. rend., 1894, 118, 916) have 
shown that the rotation of the ethereal salts of some diacidyltartaric 
acids is hardly affected by temperature. The determinations of the 
rotatory power which we have made of the diacidyltartrates de- 
scribed in this paper, however, show that these substances are, at any 
rate above certain temperatures, extremely sensitive to heat, as will 
be seen from the diagram on p. 1316. Thus we have only been able 
to determine the rotation of the methylic and ethylic para-, and the 
methylic meta-ditoluyltartrates at 100° and upwards, and at these 
temperatures the rotation was highly sensitive. On the other hand, 
in the case of the methylic and ethylic ortho-, and the ethylic meta- 
ditoluyltartrates we have determined the rotation from the ordinary 
temperature upwards, and whilst the rotation varies but little up to 
about 40°, beyond that temperature it is in all cases very sensitive. 
In Le Bel’s experiments the sensitiveness was only determined at low 
temperatures, namely, from —23° to +16°, thus 


Observed rotation. 
At —23°, At +16°. 
Propylic dipropionyltartrate (length of 


tube = 100 mm.).......00. cosee. +6°12' + 6° 45’. 
Methylic divaleryltartrate (length of 
tubo az SO mM.).ccccccccscsccccss =O — 8° 50’. 


Hence, it is possible that at higher temperatures they might have 
become more sensitive, whilst it is worthy of remark also that the 
above substances investigated by Le Bel are possessed of a much 
lower rotatory power than those which we have experimented with, 
and that the actual increase or decrease in rotation brought about by 
a given change in temperature may partly depend on the magni- 
tude of the substance’s absolute rotation. (See also in this connec- 
tion Percy Frankland and Macgregor, Trans., 1894, 65, 769.) 

It should be pointed out again that increase of temperature 
diminishes the rotation of all these ditoluyltartrates, and it has simi- 
larly been shown by one of us (Trans., 1896, 67, 106) that the rotation 
of the dibenzoylglycerates is diminished by increase of temperature. 
Now, in both cases the sign of the rotation is conditioned by the 
presence of the aromatic groups, for the simple ethereal salts of 
glyceric acid are levorotatory, whilst the ethereal salts of dibenzoyl- 
glyceric acid are dextrorotatory; again, the simple ethereal salts of 
tartaric acid are dextrorotatory, whilst the ethereal salts of di- 
benzoyl- and ditoluyl-tartaric acids are levorotatory. 

Thus, with rise of temperature the rotatory effect of the aromatic 
groups diminishes. It would appear, therefore, that with rise of 


. 
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temperature the rotatory effect of groups containing a closed chain 
or ring does not increase as rapidly as that of a group consisting of 
an open chain. Thus the alkyl group in the ethereal glycerates 
tends to produce levorotation, in the ethereal tartrates dextrorota- 
tion, whilst the benzoyl groups in the dibenzoylglycerates tend to 
produce dextrorotation, and the benzoyl and toluyl groups in the 
dibenzoyl- and ditoluyl-tartrates tend to produce levorotation; with 
rise of temperature, however, in each case the rotatory effect of the 
alkyl groups becomes more and more dominant. It is worthy of 
remark also that in these ditoluyltartrates the rotation of the 
methylic compounds is more sensitive to temperature than that of 
the corresponding ethylic compounds. 

Very remarkable, again, in this connection is the behaviour of the 
phenacetyl group. The diphenacetylglycerates have a rotation of 
the same sign (levo) as the simple glycerates, showing that the 
aromatic group, when attached to the asymmetric carbon atom by 
means of -CH,*CO- does not dominate over the alkyl group, but rise 
of temperature causes these diphenacetylglycerates to become less 
levorotatory, showing that in this case with rise of temperature the 
rotatory effect. of the aromatic or ring group makes itself more felt. 
The rotation of the diphenacetyltartrates (Freundler) similarly has 
the same sign as that of the simple tartrates, and it is to be antici- 
pated that in their case also the rotation will diminish with rise of 
temperature. 


Effect of Position-isomerism on Rotation. 

The results obtained with the six compounds which we have 
prepared and examined show conclusively that the ortho-arrange- 
ment has the least, and the para-arrangement the greatest, rotatory 
effect, and that the rotatory effect of the meta-arrangement is inter- 
mediate between that of the other two, but approximating nearer to 
that of the ortho- than to that of the para-arrangement. 

As far as we are aware, there is only one isolated observation 
bearing on this problem which has been hitherto made. Walden 
(Zeit. physikal. Chem., 1895, 17, 264) prepared the ortho- and para- 
ditoluides of malic acid, the rotation of which he determined in 
solution only, and with the result that the para- was found to 
possess a considerably higher rotation than the ortho-compound. 
This observation, as far as it goes, thus confirms the relationship 
which we have established in the case of the isomeric ethylic and 
methylic ditoluyltartrates. 

The relative rotatory effects of the ortho-, meta-, and para-arrange- 
ments is quite in accordance with M. Guye’s theory that the rotatory 
power of a group is dependent not only on its mass but also on the 
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moment of the mass (“bras de levier”) around the asymmetric 
carbon atom, for assuming that the centre of gravity of the benzene 
ring is the geometrical centre of a regular hexagon, it is obvious that 
in the ortho-arrangement of the toluyl group the centre of gravity 
is somewhat nearer, in the meta-arrangement somewhat further, and 
in the para-arrangement still further than that geometrical centre 
from the carbon atom by means of which the ring is attached to the 
asymmetric carbon atom. 


Masn College, Birmingham. 


LXXXIII.—Contributiens to the Chemistry of Phenol 
Verwatives. 
By Rapnaret Mevpona, F.R.S., Gzorce Harotp Wootcort, and 
Epwarp Wray. 


In the course of an investigation, having for its object the synthesis 
of eugenol and other allied natural products by direct methods which 
should give confirmation of the generally received constitutional 
formule of these compounds, we have had occasion to prepare a 
number of new phenol derivatives, which appear to us of sufficient 
interest to form the subject of a communication to the Chemical 
Society. Although there can be no doubt of the correctness of the 
formule generally assigned to eugenol and such related compounds 
as chavibetol and safrole, no direct synthetical confirmation of these 
formule has as yet been furnished. In view of the general interest 
which attaches to the synthesis of natural products by - artificial 
methods, it appeared desirable to make an attempt to supply such 
confirmation. During the course of the work, which was commenced 
last autumn, the subject has been independently taken up by Mouren, 
who has succeeded in synthesising methyleugenol (Compt. rend., 1895, 
121, 721), and, more recently, isosafrole (ibéd., 1896, 122, 792). On 
referring to Moureu’s papers it will be seen that the results which he 
has obtained still leave the position of the allyl group an open question, 
while eugenol itself cannot be obtained by his method, which con- 
sists in boiling the substituted pyrocatechol (veratrole) with allyl 
iodide and zinc dust. The methylene-derivative of pyrocatechol does 
not appear to yield safrole by this treatment. 

The most obvious method of arriving at the products referred to 
would be through the corresponding halogen derivatives of methyl- 
and methylene-pyrocatechol by condensation with allyl iodide in the 
usual way. For this purpose compounds of the following types 
would be required. 
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The first of these corresponds to eugenol, the second to chavibetol, 
and the third to safrole. Phenol derivatives of these types are, how- 
ever, at present very imperfectly known. The paranitrosoguaiacol of 
Best (Annalen, 1889, 255, 184), the methylenenitropyrocatechol of 
Hesse and Jobst (Annalen, 1879, 199, 73), the nitropyrocatechol of 
Weselsky and Benedikt of melting point 168° (Monatsh., 1882, 3, 
386)*, the nitroveratrole of Merck (Annalen, 1858, 108, 60), and 
Tiemann and Matsmoto (Ber., 1876, 9, 939, and 1878, 11, 131), the 
benzoylbromoguaiacol (“ bromoguaiacol benzoate”) of Kauschke (J. 
pr. Chem., 1895, [2], 51, 210), and the nitroguaiacol of melting 
point 104° (acetyl derivative, melting point 101—102°; benzoyl 
derivative, melting point 102—103°) recently described by one o 
the authors (Proc., 1896, 12, 125) are the only known compounds 
which can, with any certainty, be assigned to the above types. The 
preparation of the haloid derivatives from the last-named nitro- 
guaiacol will be made the subject of future investigation. In the 
present paper, we bring together a number of miscellaneous results 
which have been obtained incidentally, and which have been worked 
out to a considerable extent by taking advantage of the materials 
and bye-products prepared in the course of the research. The 
nomenclature of the new compounds described is that adopted by 
Beilstein in the last edition of the Handbuch. 


4-Chloro-3-nitrophenol. 


The nitroaminophenol obtained from diacetyl-p-aminophenol by 
nitration and hydrolysis (Hahle, J. pr. Chem., 1891, [2],43, 63) readily 
gives the above chloro-derivative by heating the diazo-chloride with 
cuprous chloride according to Sandmeyer’s process. The nitroamino- 
phenol is described by Hahle as having a melting point of 148° (from 
ether) ; after repeated crystallisation from water we found the melting 
point to be 149—150°. The successive stages of the hydrolysis of the 
nitrodiacetylaminophenol are well marked by changes of colour; on 
first dissolving in cold sodium hydroxide solution the monacetyl 
derivative is at once formed, and dissolves with an orange colour, 
which changes to a deep reddish-violet after heating for some hours 


* There must be some error in the published descriptions of this process, as the 
quantity of potassium nitrite (20 grams for 4 grams of pyrocatechol) is more than 
six times the quantity required by theory. Au experiment with the proportions 
indicated gave a most unsatisfactory result. 


} 
| 
| 
! 
| 
} 
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on the water bath, this change indicating the formation of the nitro- 
aminophenol by the removal of the second acetyl-group. The 
deacetylation no doubt begins with the acetoxy-group. 

4-Chloro-3-nitrophenol crystallises from water in long, whitish 
needles melting at 126—127°. 


0°1645 gave 11°45 c.c. moist nitrogen at 14°5° and 760°2 mm. 
N = 817. 

C.H;-NO,Cl-OH requires N = 8:09 per cent. 

The corresponding chloroaminophenol could not be isolated owing 
to its extreme instability, but the benzoyl derivative was readily 
obtained by the action of benzoyl chloride in the presence of caustic 
soda solution, and, after crystallisation from alcohol, formed white 
needles, or (from strong alcohol) scales having a melting point of 


191—192°. 


0:0940 gave 4'4c.c. moist nitrogen at 13°5° and 762°8.mm. N = 5°54. 
C,H;°Cl-OH:NH-C;H;0 requires N = 5°66 per cent. 


The benzoyl and acetyl derivatives of the chloronitrophenol were 
also prepared, the former by the action of benzoyl chloride in pre- 
sence of aqueous caustic soda, and the latter by boiling the compound 
with acetic anhydride and dry sodium acetate. 

Benzoyl derivative: white needles from alcohol; m. p. 96—97°. 


0°1160 gave 5c.c. moist nitrogen at 17°6°and7703mm. N =5:06. 
C.H;Cl‘-NO,°OC,H;0 requires N = 5°05 per cent. 


Acetyl derivative : white needles from alcohol; m. p. 88—85°. 


0°1008 gave 5°5c.c. moist nitrogen at 20° and 769°2 mm. N = 6:24. 
C.H;Cl-NO.-OC.H;0 requires N = 6°51 per cent. 


The chloronitrophenol dissolves in aqueous alkaline solutions with 
a feeble orange colour. By the further action of nitric acid it is 
converted into a mixture of isomeric chlorodinitrophenols, the sepa- 
ration of which has not yet been effected for want of material. 


Derivatives of Orthoaminophenol. 


The monacetyl derivative, which has already been described 
(Ladenburg, Ber., 1876, 9, 1524), is easily prepared by boiling the 
hydrochloride with glacial acetic acid, sodium acetate and the calcu- 
lated quantity of acetic anhydride. It crystallises from water in silvery 
scales melting at 202—203° (201° from dilute alcohol; Ladenburg). 
If the dry aminophenol hydrochloride is boiled with excess of acetic 
anhydride and dry sodium acetate for some hours, a diacetyl deriva- 
tive is formed. This compound crystallises from water in white 
prismatic needles melting at 123—124°. 
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0'1485 gave 0°3392 CO, and 0°0804H,O. C = 62°29; H = 601. 

01162 ,, 69c.c. moist nitrogen at 11°5° and 776-°9mm. N = 7:22. 

whcaa. requires C = 62°18; H = 5°7; N = 7°25 p.c. 
2443 

During the acetylation of the aminophenol by means of acetic 
anhydride and sodium acetate, it was always observed that an intense 
violet colour was at first produced; this probably arises from the 
oxidising action of a trace of acetic peroxide present in the anhy- 
dride. Other oxidising agents give the same colouring matter. It 
is of interest to note also that on one occasion we obtained a hydrated 
diacetyl derivative melting at 76—77°, and crystallising in long, 
white needles. Analysis indicated the formula 
NH-C,H;0 
O-C,H;0 
but the conditions under which this hydrate is formed require 
further investigation. 

Azo-derivatives—The monacetyl derivative (2-acetaminophenol) 
combines readily with diazo-salts in the presence of alkali. As one 
representative of the class, the compound from metanitrodiazoben- 
zene was prepared and examined. It was prepared by adding a 
solution of diazotised metanitraniline to a solution of the acetamino- 
phenol in sodium hydroxide, keeping the alkali in excess throughout. 
The azo-compound separates as an ochreous gelatinous precipitate 
on acidifying, and was obtained pure only after crystallisation from 
alcohol, glacial acetic acid, and aniline in succession. It consists of 
small, ochreous scales, having a melting point of 251—252°, and at 
the same time decomposing. It dissolves in alkaline solutions with 
an orange colour, and is reprecipitated by acids as an ochreous jelly, 
which becomes slowly crystalline on standing ; strong sulphuric acid 
dissolves it with an orange colour, which becomes somewhat redder 
on adding water. 


01016 gave 16°1 c.c. moist nitrogen at 17° and 767°3 mm. N = 18°43. 
NO,C,H,N,°C,H;;OH:-NH-C,H;0 requires N = 18°6 per cent. 


The azo-compound has no doubt the constitution 
NO, NH-C.H,0 
th ee: * 
i 


OHi< ,13H.0, 


[ts phenolic character is shown not only by its solubility in 
aqueous alkali, but also by the formation of a dull red sodium salt 
which is stable only in the presence of excess of alkali. An attempt 
to remove the acetyl group by the action of acids and alkalis 
gave unsatisfactory results, as hydrolysis takes place with great 
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difficulty. A small quantity of a basic azo-compound (metanitro- 
benzene-4-azo-2-aminophenol) was obtained ; this consisted of small, 
brown scales, decomposing at about 170°, and soluble in alkaline 
solutions with an orange colour. A further study of this compound 
will be undertaken with a larger quantity of material, as it will be 
of interest to ascertain whether it is possible to arrive at an azo- 
derivative of pyrocatechol through this source. 

Nitro-derivatives.—Diacetyl-o-aminophenol is readily nitrated by 
dissolving in cold nitric acid (1°42 sp. gr.), adding a small quantity 
of fuming acid, and allowing the solution, kept well cooled, to stand 
for about three hours. The nitrodiacetyl derivative can be crystal- 
lised from boiling water, and consists of small, whitish needles, 
melting at 187°, and beginning to shrink about 182°. 


00836 gave 8'15 c¢.c. moist nitrogen at 12°75° and 784°2 mm. N = 11°86. 
C.H;-NO,-OC,H;O-NH:C.H,0 requires N = 11°76 per cent. 

The nitro-compound dissolves at once in cold sodium hydroxide 
solution with the loss of one acetyl group and the formation of an 
orange solution. If the caustic alkali is strong, a sodium salt sepa- 
rates out in red crystals. The second acetyl group is removed on 
boiling for a few minutes, and a deep orange-red solution is obtained, 
from which, on neutralisation (preferably with acetic acid), the 
nitroaminophenol separates out on cooling in the form of long, 
orange needles, melting at 201—202°. This compound is identical 
with the 5-nitro-2-aminophenol of Friedlander and Zeitlin (Ber., 1894, 
27,196), the identity being established by comparison with a specimen 
prepared by the method of the authors referred to, viz., heating 
paranitrophenylazoimide with dilute sulphuric acid. The nitro- 
group is thus proved to enter the para-position with respect to the 
acetamino-group. 


OAc Px 


| § sae ‘Ae Sans Ae, ) pm, 


If the nitration of the i derivative feta too far, a 
dinitro-compound is obtained which, on hydrolysis, furnishes a 
dinitroaminophenol, melting at about 147°. This may possibly be 
the unknown 4: 5-dinitro-2-aminophenol, but the compound was only 
obtained in small quantity and requires further investigation. 


2-Chloro-5-nitrophenol. 


The above nitroaminophenol, when dissolved in dilute hydrochloric 
acid and treated with the necessary quantity of sodium nitrite, at 
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once forms a red, crystalline diazoxide, which separates from the 
solution if the latter is not too dilute. On heating with cuprous 
chloride, the corresponding chloronitrophenol is obtained. ‘The 
latter crystallises from hot water in white needles, melting at 
118—119°. The benzoyl derivative, prepared in the usual way, 
crystallises from alcohol in white needles, melting at 127—12s°. 
This chloronitrophenol is probably identical with that obtained by 
Schlieper (Ber., 1893, 26, 2466) by the chlorination of metanitro- 
phenol, and of which the melting point is given as 120°. We did not 
observe, however, that our compound offered any special difficulty 
with respect to its power of crystallising from water (compare 
Schlieper, loc. cit.). Should the identity of the compounds be 
established, the constitution of Schlieper’s chloronitrophenol will 
thus be proved, and the formula to which that author gives the 
preference will require modification. 


2-Bromo-4-nitro-6-aminophenol. 


When phenol, dissolved in glacial acetic acid, is mixed with one 
molecular proportion of bromine dissolved in the same solvent, a 
mixture of ortho- and para-bromophenol is obtained. An attempt to 
nitrate this mixture by dissolving in cold nitric acid (1°42 sp. gr.) 


with the object of obtaining a supply of 4-bromo-2-nitrophenol 
showed that the orthobromophenol is attacked in preference to the 
para-compound, and a good yield of 2-bromo-4 : 6-dinitrophenol of 
Laurent, Korner, &c., m. p. 118—119°, was obtained. This com- 
pound is easily purified by taking advantage of the insolubility of 
the ammonium salt, which can be crystallised from water till a 
specimen of the free compound (liberated by dilute sulphuric acid 
and crystallised from alcohol) has the right melting point. When 
heated for some hours with excess of ammonium sulphide solution, 
the compound is reduced, and on neutralisation with acid, the bromo- 
nitroaminophenol is precipitated in the crystalline form. It consists 
of whitish needles, which become brown when dry; it is soluble in 
boiling water, and is best purified by crystallisation from this solvent. 
The compound is both basic and phenolic, the alkaline solutions 
being of a deep brownish-red, and possessing considerable tinctorial 
power. The melting point is 162—163°. 


0°0820 gave 8'35 c.c. moist nitrogen at 11°5° and 745°5 mm. N = 11°86. 
C,H,Br-NO.-NH,°OH requires N = 12°01 per cent. 

Acetyl Derivative-—Formed by acetylating in acetic acid solution 
with acetic anhydride. Small, white needles (from boiling water), 
melting with decomposition at 194° if heated slowly, or 204° if heated 
rapidly. 
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0:0788 gave 6°7 c.c. moist nitrogen at 11°5 and 75277 mm. N = 10°0. 
C,H.Br'NO.-OH-NH:C.H;0O requires N = 10°1 per cent. 


Anhydride of Acetyl Derivative-—Prepared by boiling the mon- 
acetyl derivative with acetic anhydride and dry sodium acetate. 
Crystallised from glacial acetic acid it consists of small, white 
needles, melting at 146—147°. 


01150 gave 10°3 c.c. moist nitrogen at 12° and 762mm. N = 10°64. 
C.H.BrNO,<)SC-CH, requires N = 10°89 per cent. 


Methyl-ether = Bromonitro-o-anisidine.—The monacetyl derivative 
above described can be methylated, although very imperfectly, by 
cohobating with the calculated quantities of potassium hydroxide 
and methyl] iodide in methyl] alcoholic solution. After distilling off 
the alcohol, and removing the uualtered substance by dilute alkali, 
the methyl] ether remains as a yellowish residue which, after hydro- 
lysis by boiling with sodium hydroxide and precipitation by acid, 
crystallises from hot water in the form of yellow needles, melting at 
120—121°. The yield is small, as the greater portion of the com- 
pound escapes methylation. 


0:0810 gave 8 c.c. moist nitrogen at 19° and 773-4mm. N = 11°55. 
C,.H.*Br'NO.-NH,‘OCH; requires N = 11°33 per cent. 


An attempt to prepare this compound by first methylating the 
bromodinitrophenol and then partially reducing, failed, owing to the 
impossibility of methylating the latter compound by the action of 
methyl iodide on the potassium salt under ordinary conditions. We 
mention this negative result as another illustration of the difficulty 
of etherifying compounds containing hydroxyl (or carboxyl) between 
two ortho-substituents, as the subject is now undergoing investigation 
by Victor Meyer and others. 

Diazoxide.—On adding a solution of sodium nitrite to a solution of 
the hydrochloride of bromonitroaminophenol, a yellow diazoxide, 
crystallising from hot water in needles, is at once precipitated. This 
compound has a decomposing point of 152—153°. 


0'1328 gave 18°4.c.c. moist nitrogen at 9°5°and 7779 mm. N = 17°02. 
C.H,BrNO, <> requires N = 17°2 per cent. 


The diazoxide is stable towards boiling water and cuprous 
bromide, but gradually decomposes and becomes brown on exposure 
to light. 

The constitution of the preceding compounds is shown in the fol- 
lowing formule. 
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HO CH;;C—O 
| 
Ac-NH/ \Br N/ \Br 
| 


2-Chloro-4-Nitrophenol. 


This compound has been previously described by various chemists 
(Armstrong, this Journal, 1872, 25, 14; Faust and Miller, Annalen, 
1874, 173, 309; Faust, Zeit. f. Chem., 1871, 339; Kollrepp, Annalen, 
1886, 234, 4).—We have only to add that it is readily obtained from 
4-nitro-2-aminophenol (Laurent and Gerhardt, Annalen, 1850, 75, 
68) by Sandmeyer’s process. The benzoyl and acetyl derivatives were 
prepared in order to characterise the compound more fully :— 

Benzoyl Derivative.—W hite silky needles from alcohol ; m.p. 135°. 


0°1011 gave 4°4 c.c. moist nitrogen at 19° and 765°7 mm. N = 5:05. 
C,H;°Cl-NO.-OC,H;0 requires N = 5:05 per cent. 


Acetyl Derivative-—White needles from dilute alcohol; m.p. 63°, 
but softening before this temperature is reached. 


0°1072 gave 6'15c.c. moist nitrogen at 20°8° and 7581 mm. N = 6°50. 
C,H;Cl-NO,-OC,H;O requires N = 6°50 per cent. 


It is to be observed that on diazotising the 4-nitro-2-aminophenol 
with a view to replacing NH, by Cl, by Sandmeyer’s method, a 
diazoxide is first formed as a yellow precipitate,* and this decom- 
poses at ouce when mixed with the cuprous chloride solution. The 
acetyl derivative is readily converted into a dinitro-derivative by 
dissolving in ordinary 1°42 sp. gr. nitric acid, adding a little fuming 
acid and allowing to stand in the cold for two hours. The product, 
after hydrolysis by sodium hydroxide, proved to be the 2-chloro-4 : 6- 
dinitrophenol of Griess, and others (Annalen, 1859,109, 286). The 
melting point of a specimen crystallised from water was 111—112°. 
On reduction with ammonium sulphide it gave the 2-chloro-4-nitro- 
6-aminophenol of Griess; m. p. 160° (ibid., 291). 


* This diazoxide decomposes on boiling with water, giving rise to a reddish 
phenolic colouring-matter, which is not nitropyrocatechol, It is uncrystallisable, 
and possibly related to the oxazines. , 
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Derivatives of Anisole. 


4- Bromo-2-nitroanisole is most conveniently prepared by brominat- 
ing orthonitrophenol in glacial acetic acid, purifying the product by 
crystallisation from the same solvent, and methylating by the action 
of methyl iodide on the silver-salt. The acetic acid mother liquor 
contains some 4: 6-dibromo-2-nitrophenol of m. p. 117—118°. The 
bromonitroanisole has all the properties ascribed by its discoverer 
(Staedel, Annalen, 1883, 217, 55; Ber., 1878, 11, 1750). The direct 
bromination and subsequent nitration of anisole in acetic acid solution 
gives rise to a mixture of 2-bromo-4-nitro- and 4-bromo-2-nitro- 
anisole which cannot conveniently be separated into its components. 

4. Bromo-2-aminoanisole = Bromanisidine.—The reduction of the 
bromonitroanisole was studied under various conditions. With zinc 
dust in acetic acid solution, a colouring matter is produced at the first 
stage, and much resinous matter is always present at the end of the 
process; the yield of bromoaminoanisole is not good. With tin and 
hydrochloric acid the yield of bromoaminoanisole is better and the 
base was found to possess the m. p. (97—98°) and other properties 
as described by Staedel (Annalen, 1883, 217, 59). It appears, how- 
ever, to have escaped notice by previous investigators that reduction 
with tin and hydrochloric acid gives rise also to the formation of a 
small quantity of a base, probably of the benzidine or semi-benzidine 


- series. 
Br Br 
ee 


HN, | Nis 
OCH, OCH; 


This base remains in the aqueous solution after the bromoamino- 
anisole has been allowed to crystallise out by neutralisation of the 
acid solution with ammonia. It consists of white needles decom- 
posing at about 135°. 

We have not been able to convert the bromoaminoanisole into 
bromoguaiacol by the diazo-reaction, or any modification thereof. 
The diazo-sulphate when boiled with water or dilute sulphuric acid, 
or the amino-compound itself treated with sodium nitrite in warm, 
glacial acetic acid is converted into a resinous, uncrystallisable 
colouring matter containing about 4 per cent. of nitrogen and non- 
phenolic in character. This resinous colouring matter is possibly 
related to the oxazines, but further investigation is necessary before 
any definite notion concerning its nature can be formed. 

4-Nitro-2-aminoanisole = Nitroanisidine.—This compound was pre- 
‘pared by reducing 2: 4-dinitroanisole with alcoholic ammonium 
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sulphide (Cahours, Annalen, 1850, 74, 301). As it was probably 
described from an impure preparation by its discoverer, who states 
that it consists of garnet-red needles, we give some further charac- 
teristics. When crystallised from boiling water, it forms orange 
needles melting at 118°. 


0°1192 gave 17 c.c. moist nitrogen at 12°5° and 7331 mm. N = 1627. 
C,H;-NO,"NH.OCH; requires N = 16°66 per cent. 


The acetyl derivative, C;H,;-NO,NH(C,H;0)-OCHs, consists of 
white needles melting at 174—175°; itis soluble in boiling water 
and was crystallised from this solvent. The base, when diazotised 
in dilute sulphuric acid and boiled with water, is converted into a 
reddish phenolic colouring matter which could not be crystallised ; 
no nitroguaiacol is formed. When diazotised in glacial acetic acid, 
crystalline products are formed of which the investigation is not yet 
complete. 

We may add that the 2: 4-dinitroanisole used for the preparation of 
the nitroamino-compound was prepared by the following modification 
of the original method of Cahours (Annalen, 1849, 69, 236).—Forty 
grams of anisole are mixed with 40 c.c. of strong sulphuric acid and 
the mixture heated on the water bath for a few minutes till a drop 
withdrawn and mixed with water in a watch-glass dissolves to a clear 
solution without opalescence. The contents of the flask are then 
cooled and 40 c.c. of fuming nitric acid mixed with an equal volume’ 
of strong sulphuric acid are run into the solution in a thin stream 
with frequent agitation. The solution must not be allowed to get 
perceptibly warm during the process; if any tendency to over 
heating is observed at first, the stream of nitrosulphuric acid must 
be stopped. The mixing of the solutions takes about two hours, and 
the nitration may be completed at the end of this operation by 
warming gently on a water bath. On stirring into cold water and 
allowing to stund, the dinitroanisole separates out in a crystalline 
form. 

5-Nitro-2-aminoanisole.—T he acetyl] derivative of this compound was 
prepared by Miihlhauser (Annalen, 1881, 207, 242) by nitrating ortho- 
acetaniside. The corresponding nitroaminoanisole can be obtained 
by boiling the acetyl derivative for a few minutes with dilute sodium 
hydroxide solution, and then heating for some hours on a water- 
bath to complete the hydrolysis. The compound separates on cooling 
in the crystalline form and after crystallisation from hot water, consists 
of yellow needles melting at 139—140°. 


0:0888 gave 12°7 c.c. moist nitrogen at 15°5° and 758'7 mm. N = 16°64. 
C,H,-NO,,OCH; NH, requires N = 16°66 per cent. 
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The acetyl derivative melts at 145—146° (143°, Miihlhiuser) after 
repeated crystallisation from water, The nitroaminoanisole was not 
capable of being converted into nitroguaiacol by the diazo-reaction, 
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Derivatives of Guaiacol. 


Mononitro-derivatives of guaiacol have already been described by 
one of the authors (Proc., 1896, 12, 125). In the course of these 
experiments a quantity of acetylguaiacol was inadvertently over 
nitrated, and a supply of dinitroguaiacol thus obtained. The com- 
pound is best prepared by allowing an excess of fuming nitric acid, 
diluted with glacial acetic acid, to act for some hours on acetyl- 
guaiacol dissolved in the same solvent, the solution being kept cool by 
melting ice. The contents of the flask solidify to a crystalline pulp 
of the dinitro-compound, and the latter can be purified by crystallisa- 
tion from water. It appears to be identical with the modification 
obtained by Herzig by passing nitrous gas into a cold ethereal solu- 
tion of guaiacol (Monatsh., 1882, 3, 825), although our melting point 
was a little lower (121° instead of 122—123°). 

Nitroaminoguaiacol.—This compound is readily obtained by heat- 
ing the dinitroguaiacol for some hours with ammonia and ammonium 
sulphide. After boiling off the excess of ammonia, the solution is 
acidified with hydrochloric acid, filtered to remove sulphur, and the 
nitroaminoguaiacol precipitated by neutralisation with ammonium 
carbonate. After crystallisation from water, it consists of brown 
needles with a brilliant lustre melting with decomposition at 182°, 


0'1624 gave 20°9 c.c. moist nitrogen at 16° and 769°7 mm. N=15-21. 
C,H,-NO,-NH,,OCH;°OH requires N = 1522 per cent. 


Nitroacetaminoguaiacol.—Prepared from the preceding compound 
by tk» action of acetic anhydride in acetic acid solution. Crystallised 
from hot water, it consists of whitish needles which dissolve in dilute 
alkaline solutions with an orange colour. At about 170—180° the 
whitish crystals become coloured of an ochreous-yellow, and at 
224—226° decomposition occurs with considerable frothing. The 
compound contains water of crystallisation, which cannot be expelled 
by heat without the decomposition of the substance. 

0:0688 gave 6°8 c.c. moist nitrogen at 18°5° and 7588mm. N=11°35. 
00714 ,, 7lee. - 16°5° and 759°5 mm. N=11°43. 
C.H.-NO,-OH-OCH;NH:C.H;,O + H,0 requires N = 11°47 per cent. 


Diacetyl Derivative—When the monacetyl derivative above de- 
scribed is boiled for some hours with acetic anhydride and dry sodinm 
acetate, a considerable quantity of some bright red, resinous colour- 
ing matter is formed, together with a white, crystalline substance 
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which can be removed by extraction with boiling water. After erys- 
tallisation from boiling water, with the addition of animal charcoal, 
it -consists of white, silky needles which decompose with much 
frothing at about 204°. 


00158 gave 1°5 c.c. moist nitrogen at 24° and 762mm. N = 10°68. 
The diacetyl derivative, CsH,-NO,-OC,H,;0-OCH;-NH-C,H;0, requires 
N = 10°44 per cent. 


Diazoxide—When a solution of the nitroaminoguaiacol in dilute 
hydrochloric acid is mixed with a solution containing 1 molecular 
proportion of sodium nitrite, an immediate precipitation of a yellow, 
crystalline diazoxide takes place. Recrystallised from dilute alcohol, 
it consists of orange needles which explode with a sharp detona- 
tion at 169—170°. 


0:0490 gave 8°6 c.c. moist nitrogen at 17° and 7655mm. N= 20°25. 
C.HyNO;OCH,<)*> requires N = 21°58 per cent. This formula 
+ 4H,0 requires N = 20°58 per cent. 


The formation of this diazoxide may be taken as evidence that the 
amino-group is ortho- with respect to the hydroxyl group, since 
diazoxides do not appear to be formed from phenolic compounds, 
unless they possess this constitution. The fact that one of the 
nitro-groups is so easily reducible by ammonium sulphide may be 
regarded as additional evidence in the same direction, since this 
reducibility is eminently characteristic of polynitro-derivatives of 
phenol with a nitro-group in the ortho-position with respect to the 
hydroxyl group. In view of this evidence we are disposed to assign 
constitutional formule to these compounds, as shown below, in 
preference to that given for the dinitroguaiacol in the last edition 
of Beilstein (vol. ii, 911 : 4, 5-dinitroguaiacol).* 


OH OH N-O 
i 
NO.” NOCH, NH,“ NOCH, N/ \ocH; 


L 


I. 4: 6-dinitroguaiacol. 
Il. 4-nitro-6-aminoguaiacol. 
III. 4-nitro-6 : 1-diazoxy-2-anisole. 


* There is some ambiguity about the constitution of this compound as expressed 
by the above nomenclature. The notation used applies equally well to— 
(I). C;H.,OCH;-NO,-NO,OH = 1:4:5: 6. 
(II). C;H,-OH-NO,-NO,-OCH; = 1:4:5:6. 
The second of these is excluded for the reasons assigned, viz., the formation of a 
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Metanitrobenzeneazoguaiacol (benzoyl derivative).—This compound 
was prepared with the object of ascertaining whether the azo- 
derivatives of benzoylguaiaco] could be conveniently reduced so as 
to furnish benzoylaminoguaiacol. The result was not satisfactory ; 
but, as the compound has not hitherto been described, we give the 
following account. 

Diazotised metanitraniline (in hydrochloric acid solution) is allowed 
to flow into an ice-cold alkaline solution of guaiacol, the liquid being 
kept alkaline throughout. A deep red colour is developed, and, after 
filtration to remove a small quantity of some insoluble product,* the 
azo-compound is precipitated by acid, and is obtained as a resinous, 
uncrystallisable, ochreous substance soluble in alkali, with a red 
colour, and readily converted into a benzoyl derivative by agitating 
the alkaline solution with benzoyl chloride. The benzoy! derivative 
was crystallised repeatedly, first from alcohol, in which it is but very 
sparingly soluble, and, finally, from glacial acetic acid. It was thus 
obtained in the form of brown, warty nodules melting at 135—136°. 


0°1168 gave 10°9 c.c. moist nitrogen at 13° and 7694mm. N =11:13. 
NO,C,Hy'N.2"C,H;OCH;-0C,H;0 requires N = 11°14 per cent. 


The azo-group is, no doubt, in the para-position with respect to the 
hydroxyl, and the formula of the original compound may be written 


OH 
/ocH; 


| 
a 


Nothing definite was obtained by the reduction of this az0-com- 
pound, and its further investigation was, therefore, discontinued, 


Derivatives of Pyrocatechol. 


By nitrating the diacetyl derivative of pyrocatechol, Nietzki and 
Moll obtained a dinitropyrocatechol melting at 164°, which: these 
authors regard as 3 : 5-dinitropyrocatechol (Ber., 1894, 26, 2183). We 
do not consider the evidence in favour of this constitution as conclusive, 
but, accepting this view provisionally, it seemed of interest to apply 
the tests of the reducibility of one nitro-group and the formation 
of a diazoxide in order to ascertain whether the compound contained 
a nitro-group in the ortho-position with respect to hydroxyl. The 


diazoxide from the corresponding nitroamino-derivative. Even with this alterna- 
tive interpretation, however, the formula suggested by us appears more probable 
than (I), Further experiments will be undertaken with the object of deciding 
whether the nitro-groups are ortho with respect to each other 

* Possibly an ortho-azo-compound, such compounds being non-phenolie, and 
therefore insoluble in the alkaline solution. 
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evidence in favour of this point is conclusive, but the constitutional 
formula is not thereby proved, since the 4 : 6-dinitropyrocatechol (or 
the 5: 6-modification) might be expected to yield a similar result. 

5-Nitro-3-aminopyrocatechol is readily obtained by reducing the 
dinitro-compound with ammonium sulphide in the usual way. The 
substance is distinctly basic, and, also, strongly phenolic, dissolving 
in alkalis with a deep orange-brown colour. It is extremely soluble 
in alcohol, and can be crystallised from boiling water from which it 
separates on cooling in the form of flat, ochreous needles having a 
decomposing point of 220—221°. 

Diazozide—On adding sodium nitrite to a cold solution of the 
hydrochloride of the base, the diazoxide separates in the form of flat 
needles of a beautiful golden-orange colour. The compound explodes 
with a sharp detonation at 159—160°; it is phenolic in character, 
and dissolves in dilute alkaline solutions with a purple colour. 
Although so explosive when heated, it does not explode by percussion- 


0:1035 gave 19°9 c.c, moist nitrogen at 21° and 765°85 mm. N = 22:08. 
C.HyNO,;OH<}"> + 3H,0 requires N = 2210 per cent. 


The constitutional formule of these compounds may be written 


OH OH 
“\ on Fe 
Ye oe 

NO,\ /NH; NO; )-N 


These formule are based on Nietzki and Moll’s view of the con- 
stitution of the dinitropyrocatechol. 


Finsbury Technical College. 


LXXXIV.—Absorption of Dilute Acids by Silk. 
By James Waker, D.Sc., Ph.D., Professor of Chemistry, and James 
R. AppLeyarD, F.C.S., Lecturer on Dyeing, University College, 
Dundee. 


Prior to 1890 there existed two theories as to the nature of the 
process of dyeing—the chemical and the mechanical. They were, 
however, felt to be unsatisfactory, for neither could claim to give 
a full explanation of the phenomena. When Witt, therefore, in 
the year named, put forward the suggestion that the state of the dye 
in the fibre is analogous to that of a substance in solution, the 
investigation of the problem received a new direction and a fresh 
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impulse. The hypothesis that the dyed fibre is a solid solution of 
the dye is, as it were, intermediate between the two earlier theories, 
and to a certain extent combines the advantages of both. Witt 
adduced in its support (Féarberzeitung, 1890-91, 1; Jour. Soc. Dyers 
and Colourists, 1890, 6, 173) a great number of instances derived 
from special experiments, and from the general experience of prac- 
tical dyers. Dyes, for example, which have a different colour in the 
solid state from that which they have in solution, confer on the fibre 
the colour of the solution and not that of the solid. Again, materials 
are known to exhibit marked fluorescence when coloured with dyes 
which are not themselves fluorescent, but yield fluorescent solutions. 
The actual process of dyeing with substantive colours was likened 
to the extraction of such a substance as resorcinol from its aqueous 
solution by agitation with ether. The solvents, water and ether, 
share the resorcinol between them; similarly, the dye is shared by 
the fibre and the water of the dye-bath. 

These and other examples of like nature showed at least a super- 
ficial resemblance between the state of a dye in the fibre and of a 
substance in solution; but much more experimental evidence was 
required before the solid solution theory could be accepted. We 
know at the present day with a high degree of accuracy the laws 
regulating solutions, and in particular from the work of Nernst the 
laws of distribution of a substance between two immiscible solvents ; 
so, if the dye is really dissolved in the fibre, we should expect it to 
obey these laws. 

When the molecular complexity of the dissolved substance is the 
same in both solvents, it so distributes itself between them that at 
any given temperature there is a definite ratio between the concen- 
trations of the two solutions when equilibrium is attained, the ratio 
being independent of the amounts of substance and solvents origin- 
ally taken. Thus iodine, when shaken up with carbon tetrachloride 
and water, is shared by these solvents in such a way that the con- 
centration of the aqueous solution produced is to that of the carbon 
tetrachloride solution as 1 to 85, that being approximately the ratio 
of the solubilities of iodine in the two solvents at 25°, the tempera- 
ture of experiment (Jakowkin, Zeit. physikal. Chem., 1895, 18, 588). 
When the molecular complexity of the dissolved substance is not 
identical in the two solvents, there is no constant ratio of distribu- 
tion, the ratio of the concentrations varying with the original quan- 
tities present. There is, however, in such cases a somewhat more 
complex function which takes the place of the simple distribution 
ratio. Ifthe molecular weight of the substance in one solvent is 
times as great as its molecular weight in the other solvent, then, 
when equilibrium is attained, the nth root of the concentration in 
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the first solvent will bear a constant ratio to the concentration in 
the second solvent. 

These laws should hold good for dyeing if the solid solution 
theory is correct. When the dye in the dye-bath is in the same 
molecular condition as the dye in the fibre, there ought to be a con- 
stant distribution ratio between the water and the fibre, In other 
words, after the fibre has taken up as much dye from the bath as it 
will under the given conditions of temperature, &c., the concentra- 
tion of the aqueous solution of the dye remaining ought always to 
bear the same ratio to the concentration of the dye in the silk, no 
matter whether much or little dye were originally dissolved in the 
water. With different molecular complexities in the water and in 
the fibre the following formula should be obeyed. Let C, be the 
concentration of the dye remaining in the dye-bath, Cy the concen- 
tration in the fibre, and m the ratio of the molecular weight of the 
substance in the fibre to its molecular weight in water; then 
a/ Cl Cw = const. 

Experiments have already been made in order to ascertain if such 
a constant ratio actually exists. Georgevics (Monatsh., 1894, 15, 
‘707) concluded from his experiments on dyeing silk with indigo- 
carmine that the phenomenon was analogous to solution; but later 
(cbid., 1895, 16, 345) he has, in conjunction with Léwy, arrived at 
the opposed conclusion that dyeing is analogous to absorption. 
These observers have found that in general C,/ 4/C,, is approximately 
constant, where, according to them, x expresses the affinity of the 
dye for the fibre. G. C. Schmidt (Zeit. physikal. Chem., 1894, 15, 
60), from his observations on the absorption of picric acid by cellu- 
lose and of eosine and malachite-green by silk, could obtain no 
constant ratio of the form given above. He, also, is of the opinion 
that dyeing is an absorption phenomenon, the fibre playing much 
the same part that charcoal does when it is brought into a-solution of 
a substance which it is capable of absorbing. 

In this paper we communicate the results of some experiments on 
the absorption of various acids by silk, and, in the first place, we 
give the numbers we obtained for picric acid, a real substantive dye 
of simple constitution. 


Picric acid and Silk. 


The silk we employed in the experiments was a bleached fibre 
which we first treated with very dilute hydrochloric acid, washed, 
and allowed to remain for several hours in warm soap solution. 
Thereafter it was washed with successive portions of hot distilled 
water, until the liquid with which it had been in contact for three 
hours, was neutral to phenolphthalein, and gave no opalescence with 
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silver nitrate. Even after this treatment, the silk left a slight 
residue on incineration, which consisted chiefly of calcium carbonate 
with a trace of iron. The quantity of ash, however, was not 
great enough seriously to affect our observations, although the 
numbers for the most dilute solutions we employed are somewhat 
displaced through its action. 

The picric acid was estimated volumetrically with potash solution, 
and at first we experienced some difficulty in finding a suitable 
indicator for it, the yellow colour of the solution interfering with 
the end point shown by most of the ordinary indicators. We 
finally adopted lacmoid as the most suitable. In daylight, the end 
point is not sharp, but in gaslight it is quite definite. We, there- 
fore, always performed the titrations in a dark corner of the labora- 
tory, illuminated by a powerful gas jet in the immediate neighbour- 
hood of the solution. After addition of the indicator, the colour is a 
pale orange, which grows deeper as the alkali is added, and at the 
neutral point suddenly strikes into a dirty greenish-brown, further 
addition of alkali producing a purer green. The neutral point can 
easily be estimated to a single drop of a N/20 solution, which was 
the strength of the alkali we mostly employed. 

Our method of experiment was to place a weighed quantity of silk 
and a measured volume of picric acid solution of known strength in 
an Erlenmeyer flask, which was closed by an indiarubber stopper and 
immersed in an Ostwald thermostat. After a sufficient time had 
elapsed, a definite volume of the solution was removed by means of a 
pipette, and the picric acid in it determined with the standard alkali. 
A correction for change of volume with the temperature was applied 
when needful. 

The first determinations were made. by us at 100°, at which tem- 
perature the absorption proceeds very rapidly. It was of importance 
to ascertain if a real limit to the amount absorbed by the silk in any 
given case was reached, so that we first made a few time experiments. 
The results of one series are given below. 


Time of heating. Milligrams of acid in 1 gram of silk. 
3 hours 64 
66 
4 66 


It will be seen that the absorption is practically at an end in 
three hours, when 1 gram of silk is heated at 100° with 100 c.c. of 
N/50 picric acid—the proportions used in the above series. Experi- 
ments with the materials in other proportions yielded similar 
numbers, so that at 100°, 3—4 hours was the length of time given 
for the substances to attain a state of equilibrium. 
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It is a necessary consequence of the solid solution theory of dyeing, 
that if a bath of picric acid is treated with successive quantities of 
silk, it will finally be completely exhausted; and, on the other hand, 
that if silk dyed with picric acid is treated with successive quantities 
of pure water, all the picric acid will be washed out of the silk. This 
we found to be true, but as the picric acid is always much more con- 
centrated in the silk than in the solution which is in equilibrium with 
the fibre, it is much easier to exhaust the water by silk than to wash 
out the silk completely with water. A gram of dyed silk has to be 
boiled 10—12 times with successive portions of 100 c.c. of water 
before it is decolorised. 

Again, if the solid solution theory applies to the case in point, it is a 
matter of indifference, provided certain amounts of water, silk, and picric 
acid are given, whether the picric acid is originally all in the silk, all 
in the water, or distributed between these two substances in any ratio 
whatever. The final equilibrium must always be the same, being 
determined by a certain ratio of the concentrations in the water and 
in the silk. If the original concentration in the silk is too great, it 
will lose picric acid to the water; if too small, it will gain picric acid 
from the water. We made several experiments with pure water and 
dyed silk containing a known amount of picric acid. The time for 
the attainment of equilibrium is here considerably longer than is the 
ease for direct dyeing, at least seven hours being necessary at 100°. 
2 grams of silk containing 155 milligrams of picric acid (or 77°5 milli- 
grams per gram) were heated for seven hours and a quarter at 100° 
with 75 c.c. of water. The solution at the end of that time was 
slightly turbid, owing to particles of disintegrated silk fibre held in 
suspension. Titration with alkali showed the solution to contain 
79°6 milligrams of picric acid. In 1 gram of water there was thus 
1:06 milligram of acid, and in 1 gram of silk there remained 
37°7 milligrams of acid. Now a direct dyeing experiment showed 
that silk, when dyed in a bath containing 1:06 milligram of picric 
acid per gram of water after the dyeing was complete, took up 
36 milligrams per gram. For a given end concentration in the water, 
therefore, we arrive at practically the same concentration in the silk, 
whether the acid was originally all in the water, as in the dyeing 
experiment or all in the silk, as in the boiling-out experiment. 
Whilst a result such as this is in harmony with the solid solution 
theory, it is equally in accordance with any theory which involves 
equilibrium, whether chemical or physical. 

In the performance of these preliminary experiments, it was ob- 
served that the silk became very tender after heating for a few hours 
with dilute acid at the boiling point. We therefore conducted the 
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remainder of our observations at 60°, at which temperature the silk 
is much less affected. 

A quantity of silk, prepared as indicated above, was air-dried, and 
cut into pieces weighing 1 gram, the weighed pieces being preserved 
and used as required. The moisture contained in the silk when it 
was cut up amounted to 8'4 per cent. In each experiment, 2 grams 
of this silk was heated at 60° with 100 c.c. of picric acid of known 
concentration. The time of heating was 40 hours, special experi- 
ments having shown that this period was sufficient for equilibrium to 
be reached. At the expiration of that time, the acidity of the solu- 
tion was estimated by titration. The loss of acidity is not entirely 
due to the absorption of the dye by the silk, one portion of the acid 
being neutralised by the ash of the silk, and another, probably much 
smaller portion, by interaction with the material of the silk, or its 
decomposition products. In the following table, the values have been 
corrected in the manner to be described later, to allow for the neutral- 
isation by the ash. 


Milligrams of picric acid 
in 1 gram of silk. 


Milligrams of picric acid 


in 1 c.c. of solution. found. Calculated. 
0°064 13 13 
0°12 17 16 
0°59 27 29 
0°98 37 35 
1°98 44. 46 
2°93 54 53 
5°00 64 64 
7°00 Zo 73 


The figures hold good for the composition of the system after the 
dyeing has been completed, and, in the case of the silk, are referred 
to the weight of the air-dried fibre. If we call the concentration in 
the silk s, and the concentration of the water w, the relation between 
the first two columns can be fairly well represented by a formula of 
the type above referred to, namely, s/*// w= 35°5. 

In the third column are the values of s, calculated from this 
formula. The differences between the observed and calculated num- 
bers do not fall beyond the limits of the experimental error, and 
may be better judged by an inspection of the accompanying curve 
(p. 1340), which is that of the above equation. 

According to the solid solution theory of dyeing, the validity of this 
formula would entail the consequence that the molecule of picric 
acid in aqueous solution is on the average 2°7 times as great as the 
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molecule of picric acid dissolved in silk, This, however, cannot be 
the case, for a consideration of the freezing point and the electric 
conductivity of picric acid solutions, indicates that the molecule is not 
only not greater than is represented by the formula C,H.(NO,),-OH, 
but much less than this, owing to the high electrolytic dissociation, 
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The solid solution theory of dyeing, therefore, receives no support 
from the behaviour of silk and picric acid, where the phenomena are 
comparatively simple. As to the meaning of the formula actually 
obtained little can be said, but its simple nature may be rendered 
more evident by a slight mathematical transformation. If we take 
the natural logarithm of both sides of the equation 


s|\/w = 85°5, 


we obtain 
arr 1 
log s = log 35°5 + +7 log w, 
which, when differentiated, becomes 
Ss ee 
8 37 


In this form the equation states that a slight proportionate change 
in the concentration of picric acid in the water is always proportional 
to the corresponding proportionate change in the concentration of the 
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acid in the silk. Thus, if the concentration in the water increases 
by 1 per cent. of its value, no matter what that value is, the concen- 


tration in the silk will increase by = per cent. of its own value. 


Formule of this kind apply in very many cases of absorption, For 
instance, it has been shown by Schmidt (loc. cit.) that the absorption 
of iodine and of various acids from their solutions by charcoal can 
be represented by such a formula, and Kiister (Annalen, 1894, 283, 
' 360) has proved that a similar relation holds good between the con- 
centrations of iodine in aqueous solution and in starch. It does not, 
of course, follow from the identity of the formule valid in these 
cases, that the phenomena themselves are identical in nature, but 
until we are possessed of information to the contrary, there is cer- 
tainly a presumption in favour of such a supposition. 


Picric acid and Diphenylamine. 


In view of the fact that purely chemical theories of dyeing have 
been proposed, we thought it of interest to investigate a very simple 
case of “chemical dyeing,” in order to compare the results of obser- 
vation with those predicted by theory. If the union of the dye with 
the fibre is one of chemical combination, and if any finite amount of 
the fibre is incapable of completely exhausting the dye-bath, that is, 
if there is between the water and the fibre a competition for the dye 
resulting in equilibrium, the theory of mass action enables us to 
predict the nature of that equilibrium. The active masses of the 
solid: fibre, the solid dyed fibre, and of the water remain constant 
throughout, so that for the action 


Fibre + (dye, water) = dyed fibre + water, 


we have the following equilibrium if » represents the active mass of 
the dye in aqueous solution, that is, its concentration, 


c X const. X n= c' xX const. X const., 


¢ and c’ being the velocity constants of the opposed reactions. For 
equilibrium, therefore, at any given temperature we have the condi- 
tion n = constant; in other words, the dyed and undyed fibre (these 
together forming the partially dyed fibre) can only exist in contact 
with the aqueous solution of the dye when that solution has a certain 
fixed concentration. The relative proportions of the dyed and 
undyed fibre to each other and to the dye have no influence on the 
equilibrium—for a given temperature there is one, and only one, 
concentration of the dye-bath with which the dyed fibre can exist 
unaffected, the depth to which it is dyed being of no significance. 
There is here, then, a great difference from what is found to hold good 
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with picric acid and silk, the concentration of the dye bath in that 
case varying continuously with the depth to which the silk is dyed. 

As no fibre known to us presented a sufficiently simple and un- 
doubted chemical union with any dye, we endeavoured to realise the 
conditions given above with diphenylamine as a substitute. Diphenyl- 
amine unites directly with picric acid to form a chocolate-brown 
additive compound, and both this and the amine are, practically, 
insoluble in water. Diphenylamine, therefore, represents the pure 
fibre, and diphenylammonium picrate the fibre dyed to saturation, any 
mixture of the two corresponding to a partially dyed fibre. When the 
picrate is treated with water it is partially decomposed, some of the 
picric acid dissolving and the diphenylamine remaining behind. If 
successive fresh portions of water are used, all the picric acid may 
be washed out. 

At 40°6° the solubility of picric acid in water is 16°8 in 100 parts, 
or the saturated solution contains 16°8 milligrams per gram. Three 
experiments were made at this temperature, 50 c.c. of saturated 
picric acid solution being allowed to remain in contact with 2, 1, 
and 0°5 gram of diphenylamine respectively for 44 hours, with con- 
stant shaking. The final concentrations were found to be 

Milligrams of picric acid Milligrams of picric acid 
in 1 gram of water. in 1 gram of diphenylamine. 
13°8 75 
13°7 15°5 
138 30°0. 


Again, equivalent proportions of picric acid (2°29 grams) and 
diphenylamine (1°69 gram) were treated with 50 c.c. water at the 
same temperature as before. The concentrations were then 

Milligrams of picric acid Milligrams of picric acid 
in 1 gram of water. in 1 gram of diphenylamine. 


13°9 95. 


Lastly, 2 grams of diphenylammonium picrate (prepared by fusing 
together the two constituents in molecular proportions) were treated 
with 50 c.c. water. The final concentrations were 

Milligrams of picric acid Milligrams of picric acid 
in 1 gram of water. in 1 gram of diphenylamine. 


13°6 46. 


These numbers show that the requirements of the theory are ful- 
filled—the concentration of the aqueous solution remains constant, 
no matter how the proportions of the substances may be varied, or 
what their original distribution may have been. If there is not 
enough picric acid in the system to afford an aqueous solution of 
this concentration, no solid picrate will be formed. This may be 
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very readily tested experimentally. A solution of picric acid at 40°6° 
containing 14 milligrams per c.c, at once stains diphenylamine deep 
brown, but a solution at the same temperature, containing 13 milli- 
grams per c.c., leaves the diphenylamine colourless, ur only stains it 
pale brown after prolonged contact. 

No case of actual dyeing corresponds to this—the weakest dye- 
bath will always colour the fibre, no discontinuity existing at a certain 
concentration, above which dyeing can take place, and below it not. 

The equilibrium here investigated is the analogue for solutions of 
such an equilibrium as that between ammonia gas and the compound 
of calcium chloride with ammonia, For each temperature there is 
one, and only oue, pressure (concentration) of ammonia which is in 
equilibrium with both calcium chloride and its ammonia compound, 
If the pressure is less than this, no compound with ammonia can be 
formed—if it is maintained at a greater value, no uncombined calcium 
chloride can exist. 


Influence of the Solvent. 


The behaviour of silk towards picric acid in alcoholic solution is not 
essentially different from the case where water is the solvent. Picric 
acid is much more soluble in alcohol than in water, and this would 
lead us to suspect, if there were any analogy between dyeing and 
solution, that, for a given concentration in the liquid solvent, less 
picric acid would be taken from the alcohol than from the water. 
The results of a few experiments were in accordance with this view. 
After heating in alcoholic solution for 48 hours at 60° the following 
numbers were obtained for the final concentrations. 


Milligrams of Milligrams of Milligrams of 
picric acid in acid in acid in 
1 gram of silk, 1 c.c. of alcohol, 1 c.c, of water. a/b. 
42:0 6°6 16 4°2 
28°5 2°9 0°58 5°0 
20°5 1:0 0°23 4°4 
In the third column we have added the values for aqueous solutions 
corresponding to the same concentrations in the silk, by interpolating 
from the numbers previously given. It is evident that to dye silk to 
a given standard, the alcoholic solution of picric acid must be con- 
siderably stronger than the aqueous solution. The ratio of the two 
concentrations remains fairly constant, and is nearly the ratio of the 
solubilities of picric acid in alcohol and in water at 60°, namely, 5°0. 
On investigating benzene as a solvent for picric acid, we found that 
silk was unable to extract picric acid from benzene solution. At first 
we were inclined to attribute this to the fact that picric acid forms a 
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species of compvund with benzene as with other aromatic hydro- 
carbons, and concluded that the silk was incapable of absorbing or 
breaking up this compound; but on subjecting silk previously dyed 
with picric acid to treatment with benzene at the boiling point of the 
solvent, we could afterwards detect no trace of picric acid in the 
benzene. This, of course, led us to reject the supposition that the 
inability of silk to absorb picric acid from benzene is due to the 
formation of the compound of benzene and picric acid. We then 
thought it probable that the hygroscopic moisture in the silk might 
prevent the benzene from “ wetting” it; so that there was no action, 
because’ there was no real contact. This hypothesis, however, had 
also to be rejected, for silk dried at 100°, and then kept for 48 hours 
in a vacuum desiccator over sulphuric acid, showed precisely the 
same behaviour as before, whether originally dyed or undyed. There 
is, therefore, so far as picric acid is concerned, no transference of the 
dye between silk and benzene. It might still be‘held that this is 
due to the imperfect wetting of the silk by the benzene, but such a 
view is untenable, for a solution of rosaniline in benzene at once 
colours dried silk. We must, consequently, refer the above inactivity 
to some peculiarity of the whole system, or to some joint property of 
the benzene and picric acid. 

The most obvious difference between an aqueous and a benzene 
solution of picric acid is that in the former the acid is in a state of 
practically complete electrolytic dissociation, whilst in the latter it is 
searcely, if it all, dissociated. If electrolytic dissociatiou is called in 
to explain the phenomena, we must assume that it is the hydrogen 
ions that are active in forwarding the dyeing, because the negative 
ions in a sodium picrate solution are as plentiful as in a solution of 
picric acid itself, and yet sodium picrate is not a dye in the sense that 
picric acid is. A consideration of other solvents afforded some con- 
firmation of this supposition. Alcohol, as we have seen, is almost as 
active as water; in it the picric acid is considerably dissociated 
(Schall, Zeit. physikal. Chem., 1894, 14, 706). In ether there is 
very slight dissociation and sluggish action. Carbon tetrachloride is 
comparable with benzene both as regards absence of dissociation and 
absence of action on silk. 

In order to ascertain, therefore, if the number of hydrogen ions 
present had a preponderating influence in determining the quantity 
of acid absorbed, we made parallel’ experiments with benzoic acid 
alone, and in presence of its calcium salt. Benzoic acid is readily 
absorbed by silk, and, according ‘to the electrolytic dissocia- 
tion theory, it is split up to the extent of about 6 per cent. in 
an aqueous solution of the concentration we investigated. Its salts, 
on: the other hand, are highly dissociated, and the addition of 
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any soluble salt of benzoic acid to the solution of the acid itself 
reduces the dissociation of the latter to the vanishing point. Thus 
benzoic acid in presence of a large excess of calcium benzoate 
should be much less absorbed by the silk than when it is in pure 
aqueous solution if the presence of hydrogen ions conditions the 
amount of absorption. The results we obtained were as follows. The 
amount of acid absorbed by 3 grams of ashless silk frem 100 c.c. of 
N/64 benzoic acid was 17 per cent. of the whole. A precisely similar 
experiment with N/64 benzoic acid in presence of 12 equivalents of 
calcium benzoate showed an absorption of only 1°5 per cent. of the 
acid present. There was thus a very marked reduction in the amount 
of acid absorbed by the silk when a neutral salt of the acid was 
added ; ‘a fact which lent considerable weight to the supposition that 
the degree of dissociation of the acid played an important part in 
determining the amount of acid absorbed. Addition of alkaline 
benzoate, however, was found to effect no such diminution in the 
amount of benzoic acid absorbed, although the degree of dissociation 
was thereby reduced. Further experiments on this point are in 
. progress. 


Dilute Acids and Silk. 
As the electrolytic dissociation theory asserts that the strength of 


an acid depends on the proportion of hydrogen ions its aqueous solu- 
tions contain, we determined the absorption for various acids belong- 
ing to widely different types, in order to ascertain if any connection 
existed between their strength (as measured by their dissociation 
constants) and the extent to which they were absorbed from ene 
solutions by a given quantity of silk. 

Most of the experiments were made with the silk pregeaed as pre- 
viously described, but in order to eliminate the effect of the: ash in 
neutralising the acids, a quantity of ash-free silk was obtained by 
repeated treatment with dilute hydrochloric acid. The strength of 
acid used was N/200, and the silk was allowed to soak in successive 
portions for some days. When the silk left no weighable ash on 
ignition, the treatment was stopped, and the silk then washed with 
distilled water until the washings gave no turbidity with silver 
nitrate solution, and were neutral to phenolpbthalein. The fibre 
thus obtained was decidedly weaker than the silk before treatment, 
and was not so readily dyed with magenta. It was, therefore, 
scarcely to be considered a normal fibre, but the relation between it 
and ordinary silk proved to be very simple so far as action on acids 
was concerned. 

Comparative experiments were made with the silk formerly used 
and with ashless silk. In each, 3 grams of silk were heated for 
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42—48 hours at 60° with 100 c.c. of the various acids at various con- 
centrations. The result was in all cases the same. The quantity 
of the acid which disappeared when ashless silk was used was always 
less than was the case for ordinary silk, and the difference was 
approximately constant. The mean difference of the 10 experiments 
was equal to 2 c.c. of N/16 alkali per gram of silk, the extreme 
values being 1°74 c.c. and 2°34¢.c. By subtracting this mean value, 
therefore, from the absorptions found with ordinary silk, the numbers 
hold good for the ashless fibre, and in every case the values given 
have been thus corrected. 

That the ash is contained in the silk in a form capable of neutralis- 
ing acids without the liberation of weaker acids, was further shown 
by the absorption values for sodium carbonate being the same for both 
ordinary and ashless silk. 

The following table contains the amounts of acid absorbed per 
cent. for various acids under the same conditions as above, 3 grams 
of silk being heated with 100 c.c. of the acid solution for 42 hours at 
60°. In the first column are the numbers for N/16 solution, in the 
second, those for N/32 solution. These experiments were made with 
ordinary silk, and the correction for the ash has been applied. In 
the third column are the absorption values for N/64 solution with 
ashless silk. The fourth column contains the dissociation constants 
of the acids, which are arranged in the order of these constants. 


Acid. N/16. N/32. N/64. K. 
ee 56 6°0 4-9 0°0016 
I bios dina 1:7 2-5 21 00018 
er 15:0 15°8 17°0 0:0060 
Succinic .. ..... 0 1:2 2°4 0°0066 
Sulphanilic...... 3°2 5:0 10:0 0°058 
Gicctisecsss 89 2°7 53 0°080 
Tawtaric ..cccccs 2°0 2°9 6:0 0:097 
Salicylic ........ 21:1 23°6 26°5 0°102 
Malomie® .....%. 50 6°6 8:0 0°158 
RP bissssdees 5°0 9°3 125 100 
Sulphuric ....... 38 53 11:2 — 
i ‘— — 27:0 39-0 — 
Hydrochloric.... 44, 6°7 14°8 —_ 


The values for picric acid were derived from the curve, p. 1340. 
Sulphuric, picric, and hydrochloric acids are so powerful that their 
dissociation constants are not accurately known. They probably, 
however, lie about 109 to 150. The concentrations in every case are 


molecular, not equivalent. 
With regard to the accuracy of the determinations, the error is at 
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least 1 in the unit place, so that values differing by that amount 
may be held as identical. The experimental conditions are most 
favourable in the N/64 solutions, and as the numbers for that dilution 
are also unaffected by the correction for ash, they will be used prefer- 
ably in comparing the different acids with each other. 

It is at once evident from the table that the strength of an acid 
does not alone determine the extent to which it is absorbed by silk. 
Succinic and benzoic acids have nearly equal constants, that is, are 
almost equally strong, yet the amount of absorption in the former 
zase is almost wil, whilst in the latter it is very considerable. The 
same may be said of tartaric and salicylic acids, which have nearly 
equal constants, and widely different absorption values. Citric and 
tartaric acids, on the other hand, have absorption values and dissocia- 
tion constants which are nearly the same. 

When we compare acids of the same type, there seems to be, in 
general, increased absorption as the acids are stronger. The first 
three members of the oxalic acid series illustrate this most clearly. 


Acid. N/64. K. 
* CG 6 5G ede ce 6S 10°0 
ER ee 8:0 0°158 
PN si<5s5.ee. OS 0°0066 


Here the constants fall off rapidly, and corresponding with this we 
have a marked diminution in the absorption. 

The introduction of hydroxyl groups would appear to raise both 
the dissociation constant and the amount of absorption, as may be 
seen in the following table. 


Acid. N/64. K. 
Succinic ...cccccccce. BS 0:0066 
Dihydroxysuccinic.... 6:0 0°097 
BOmesi0. cccccccsceds 17:0 00060 
o-Hydroxybenzoic.... 26°5 0-102 


There is thus a certain connection between the absorption numbers 
and the dissociation constants, when acids belonging to the same 
family are compared. Indeed, if we make even the broad dis- 
tinction into aromatic and non-aromatic acids, we find that in each 
class the constants and the absorptions run very nearly in the same 
order. 

Perhaps the most striking feature in the numbers of the preceding 
table is precisely this difference between aromatic and fatty acids 
with respect to absorption. The average absorption of the four 
aromatic acids investigated is 23 per cent. at the concentration N/64; 
that of the seven fatty acids is 6 per cent., or only one-fourth of the 
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former number. For the two strong mineral acids, hydrochloric and 
sulphuric, the corresponding value, 13, occupies an intermediate 
position. In virtue of their high dissociation constants, these acids 
may be regarded rather as forming a continuation of the series of 
fatty acids than as being connected with the aromatic acids, which 
have lower constants and higher absorption values. 

On comparing the proportions of the acids absorbed at different 
dilutions, it is apparent that great differences are to be found 
in the conduct of the various acids. Whilst in some, notably in 
valeric and benzoic acids, the amounts absorbed at the different con- 
centrations bear an almost unvarying ratio to the whole acid present; 
in others, the proportion absorbed increases rapidly as the bath 
becomes more dilute. Citric acid is an extreme instance of this kind; 
with it the absolute amount of acid absorbed by a given quantity of 
silk is nearly independent of the dilution, although, in all probability, 
the experimental error here greatly exaggerates this effect. Most of 
the acids are, like picric acid, midway between these two extremes. 

In considering these absorption values it should be borne in mind 
that they do not altogether represent the real amount of absorption. 
They are actually the diminution in the acidity of the dye-bath, and 
though this diminution is, in the case of the aromatic acids, for 
example, almost entirely due to the absorption of the acid by the silk, 
yet, in every case, the acid dissolves out of the fibre a greater or 
smaller proportion of soluble gummy matter, and, in doing so, is 
partially neutralised. The amount of this action is less as the 
strength of the acid diminishes, but for weak acids, such as acetic 
and succinic, where the absorption is very small, its effect may 
account for a great part of the “absorption.” We contemplate 
further experiments in this direction. 


Summary. 


As this investigation is of a preliminary character, we do not pro- 
pose, in the meantime, to draw any definite conclusions from our 
results; but the following general indication of the bearing of our 
experiments may be given. 

When silk is dyed with picric acid, a real equilibrium is attained, 
which is independent of the original distribution of the materials. If 
the equilibrium concentration of the picric acid in the ‘silk be denoted 
by s, and in the water by w, the relation s/*/w = constant exists 
between these magnitudes. This formula would indicate, according 
to the solid solution theory of dyeing, that the weight of the molecule 
of picric acid, dissolved in water, would be m times that of the 
molecule of picric acid “ dissolved”’ in silk; but this we know to be 
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incorrect, as » is greater than unity and the molecular weight of 
picric acid in water is the smallest consistent with its formula. 

When other solvents than water are used, the rate and amount of 
dyeing with picric acid seem to be connected with the dissociative 
power of the solvent. Silk will not take up picric acid from benzene 
or from carbon tetrachloride, but does so readily from alcohol, less 
readily from ether and acetone. The ratio of the final concentrations 
of aqueous and alcoholic solutions of picric acid required to dye silk 
to a given standard, was found to be approximately the ratio of the 
solubilities of picric acid in water and in alcohol. 

A comparison of the extents to which various acids are absorbed by 
silk, shows that the acids fall naturally into two classes—the aromatic 
acids, where the absorption is great, and the non-aromatic acids, 
where the absorption is relatively small. In each class there is a 
rough parallelism between the strength of the acids and the amount 
absorbed. The addition of calcium benzoate to a solution of benzoic 
acid greatly diminishes the absorption of the acid, but alkaline ben- 
zoate has no such effect. 

If dyeing were a purely chemical addition of the dye to the fibre, 
the theory of mass action predicts that the equilibrium concentration 
of the dye-bath should be constant at any given temperature, inde- 
pendently of the quantities of material taken. This is not known to 
be the case for actual dyeing, but it was experimentally verified by 
“ dyeing ” diphenylamine with picric acid from aqueous solution. 


LXXXV.—Action of Inght on Amyl Alcohol. 
By Artruur Ricuarpson, Ph.D., and Eminy C. Forrey, B.Sc., 
University College, Bristol. 


Tr has already been shown that ether (Trans., 1891, 59, 51), phenol 
(J. Soc. Chem. Ind., 1893, 12, 415), and oxalic acid (Trans., 1894, 65, 
450) yield hydrogen peroxide on exposure to sunlight in presence of 
oxygen. A number of other organic substances have been tested for 
hydrogen peroxide after exposure to light, and among those which 
have been found to yield a very noticeable quantity of this substance 
may be mentioned amyl alcohol, palmitic, and stearic acids suspended 
in water, and acid solutions of some of the alkaloids. 

A more detailed study of the action of light on amyl alcohol was 
undertaken in order to determine the nature of the change which 
occurs, care being taken to ensure the greatest purity iu the material 
used; the object of the present paper is to give the results of that 
investigation. The sample of amyl alcohol used in the following 

4x2 
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experiments was obtained from Kahlbaum, and after being dried for 
48 hours over lime, was treated with minute quantities of metallic 
sodium and distilled twice. It boiled constantly at 132°6° (corr.). 

Formation of Hydrogen Peroxide.—Two experiments out of a large 
number which were made will suffice to illustrate the ease with which 
hydrogen peroxide is formed during exposure to sunlight and oxygen. 
In the first case, a considerable quantity of water was present, whereas, 
in the second, the alcohol was only in contact with moist oxygen. 

1. About 10 c.c. of amyl alcohol were exposed together with 50 c.c. 
of water in presence of oxygen. After a few days a portion was 
tested, and the presence of a large quantity of hydrogen peroxide in 
the aqueous solution was shown by a deep orange coloration with 
titanic acid. Another portion of the water also gave an intense blue 
colour with pure ether and potassium dichromate. The layer of 
alcohol itself gave only a faint coloration with titanic acid, hydrogen 
peroxide being apparently more soluble in water than in the alcohol. 

2. In the next experiment, amyl alcohol was exposed in presence of 
moist oxygen, liquid water being absent. After only two days’ ex- 
posure, the alcohol contained a large quantity of hydrogen peroxide 
as shown by the titanic acid test. 

No hydrogen peroxide could be detected in the alcohol which had 
been kept in the dark either in presence of water and oxygen, or of 
moist oxygen alone. 

Having ascertained the fact that hydrogen peroxide is formed when. 
amyl alcohol is exposed to sunlight in presence of moist oxygen, with 
or without addition of liquid water, it seemed desirable to determine 
whether a similar result would be obtained with the dry alcohol. 
To this end the foliowing experiments, among others, were carried 
out. 

Influence of Moisture-——1. A small sealed tube containing amyl 
alcohol, which had been dried over metallic sodium, was broken 
inside a larger ove through which oxygen dried over phosphorus 
pentoxide had been previously passed, and the tube was exposed to 
sunlight for 17 days. It was then opened, and the liquid, when 
tested, gave strong peroxide reactions, both with titanic acid and 
with potassium dichromate and ether. 

2. To ascertain the influence of further desiccation, a quantity of 
pure amyl alcohol dried as before, and contained in a small sealed 
tube, was placed in a bent tube, containing phosphorus pentoxide at 
one end, and filled with dry oxygen. The inner tube was broken, care 
being taken not to allow the liquid to wet the pentoxide, and the 
tube was kept in the dark for seven weeks. The amyl alcohol so 
dried was then exposed to sunlight for two weeks, and when tested 
was found to contain abundance of hydrogen peroxide, It seems, 
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then, that the absence of moisture, in so far as it was ensured by the 
precautions adopted, does not prevent the formation of hydrogen 
peroxide in amyl alcohol when exposed in presence of oxygen. 

Other Products ——The next point was to ascertain whether any other 
products were formed. A quantity of amyl alcohol which had been 
exposed to sunlight for some months was now strongly acid, and 
smelt distinctly of valerianic acid. The presence of this substance 
was further proved by neutralising with sodium carbonate, separat- 
ing from the excess of alcohol, decomposing the sodium salt by means 
of dilute hydrochloric acid, and extracting with ether. On distilling 
off the ether, an acid Jiquid remained, possessing the characteristic 
smell of valerianic acid. The formation of this acid seemed to indi- 
cate that the change occurring was one of a comparatively simple 
nature, not involving the breaking down of the molecule. To further 
examine this point, several samples were carefully tested for carbon 
dioxide after long exposure to light in sealed tubes. The gas above 
the liquid in such cases was aspirated through solutions of barium 
hydroxide, which showed no signs of turbidity, proving that carbon 
dioxide was entirely absent. It seems, then, that the products formed 
by the oxidation of amyl alcohol under the influence of sunlight and 
oxygen only differ from those yielded when other oxidising agents 
are used, in that hydrogen peroxide tends to be formed instead of 
water. The change may, therefore, be represented by the following 
equation : 

2C;Hin°OH + 30, = 2C,H,COOH + 2H,0.. 

Effect of Temperature—It now seemed of interest to determine 
whether an increase of temperature would bring about the formation 
of hydrogen peroxide in the dark. A tube containing amyl alcohol 
and oxygen was, therefore, placed in the steam chamber at 100° and 
heated for nine days. On opening it, the contents gave no acid 
reaction with litmus, and not a trace of hydrogen peroxide could be 
detected, showing the complete stability of amyl alcohol in the dark 
at temperatures below 100°. It may be mentioned that in the case 
of ether, oxidation had been found to take place under the above 
conditions (Trans., 1891, 59, 51). 

The tendency of amy] alcohol to yield hydrogen peroxide on exposure 
to light led us to inquire into the behaviour of some of the lower alcohols. 
Very carefully purified methyl, ethyl, and propyl alcohols were 
exposed to light in presence of excess of water and of oxygen, and 
also in tubes containing moist oxygen only. After periods varying 
from a few days to six months, methyl alcohol, when tested, gave no 
sign of hydrogen peroxide, and remained neutral to litmus. Ethyl 
alcohol, which seemed to show the presence of a trace of the peroxide 
at the end of a few weeks, was, however, entirely free from it after 
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prolonged exposure, and was neutral to litmus. n-Propyl, isopropyl, 
and isobutyl alcohols were also tested, and negative results were 
obtained in every case. It is, therefore, surprising that the next 
higher alcohol, amyl alcohol, should show so marked a change in its 
behaviour under the same conditions. With regard to the higher 
alcohols, octyl alcohol alone has been tested, and the sample used was 
found to give a small but distinct indication of hydrogen peroxide 
after an exposure of two weeks. 


LXXXVI.—WNote on the Action of Inght on Ether. 


By Artuur Ricuarpsoy, Ph.D, and Emiry C. Forrsy, B.Sc., 
University College, Bristol. 


Tue researches already published by one of us (Trans., 1891, 59, 51) 
on the formation of hydrogen peroxide in pure ether showed that 
when the ether was dried by long contact with metallic sodium, it 
still yielded considerable quantities of hydrogen peroxide when 
exposed to sunlight, in presence of dry oxygen. Experiments have 
since been undertaken with still further precautions to remove the 
last traces of moisture, and the results give a full confirmation of the 


previous work. 

The ether used in this investigation was prepared from pure alcohol 
and pure sulphuric acid, and, after repeated washing with water to 
remove traces of alcohol, was shaken with potassium dichromate 
according to the method of purification described by Dunstan and 
Dymond (Trans., 1890, 57, 574). After being dried over phosphorus 
pentoxide, it was distilled into tubes without contact with the air by 
means of the following arrangement. 

The flask A, fitted with an air-tight stopper, a, is connected with 
tiie flask C by means of the (J-tube B. C is connected with a series 
of tubes drawn out, as shown in the figure, and terminating in the 
bulb D. In the first place the ether was distilled into A and allowed 
to stand over phosphorus pentoxide for two days, the stopper having 
been inserted and made air-tight by means of mercury in the cup a’, 
and the connection between A and C being cut off by means of a 
column of mercury in"the J-tube. The exit tube at d being open, 
the ether was then distilled over into C, which also contained phos- 
phorus pentoxide, and was kept cool by a freezing mixture, the 
mercury in the (J-tube being forced into the bulb b by the pressure 
of the vapour in A, It was next distilled from C (which was again 
shut off from A by the falling back of the mercury into the (J-tube) 
into the flask D, which also contained phosphorus pentoxide. The 
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whole system was thus filled with ether, and its vapour issued at d, 
and at this stage the latter exit was sealed. Then, by cooling C and 
slightly warming D, the whole of the ether was caused to collect in 
C, and the reverse process returned it again to D. After the end of 


Seen. 
ee a 


4 


he — 


a week, during which time the apparatus had been kept in the dark, 
the whole of the liquid was transferred to C, and the last tube, E, 
was sealed off from D. Ether was now distilled into E by immers- 
ing the tubes in a freezing mixture, and, when nearly full, it was 
sealed off at the capillary neck. The rest of the tubes were filled in 
a similar way, and were sealed off ready for use. It is evident that 
by this process the desiccation of the ether can be effectually carried 
out, and samples obtained in hermetically sealed tubes without risk of 
condensation of aqueous vapour from exposure to air. 

One of the tubes was placed in a larger one filled with dry oxygen 
and containing phosphorus pentoxide. The tube was left standing 
in the dark for nine weeks, and was then sealed off at a constriction 
shown in the figure at A. 


The inner tube was then broken, and the whole exposed to sun- 
light. After three days, the tube was opened and the ether tested 
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with titanic acid. A deep orange coloration was produced, proving 
conclusively that hydrogen peroxide was present in considerable 
quantity. It is thus seen that the utmost precautions to remove all 
traces of moisture do not prevent the formation of hydrogen peroxide 
when ether is exposed to sunlight in presence of oxygen, nor do they 
appear to diminish the quantity produced. 

It may be of interest to note here that two experiments mentioned 
in a previous paper by one of us (Trans., 1891, 59, 51) to test the 
influence of temperature on the formation of hydrogen peroxide in 
ether kept in the dark have been repeated and the results confirmed. 
A flask containing ether and oxygen was heated for some days in the 
steam chamber at 100°. The contents were then found to be acid to 
litmus, and to contain hydrogen peroxide. A second flask, contain- 
ing sos mall a quantity of ether that all was vaporised on placing it 
in the steam chamber, was treated similarly, and on opening it the 
contents were found to be acid, but no trace of hydrogen peroxide 
could be detected. The latter result might have been anticipated 
from the fact that hydrogen peroxide is unstable in the state of 
vapour. It should thus be borne in mind, in studying the formation 
of hydrogen peroxide in organic compounds, that its stability under 
the conditions of experiment has an important bearing on the matter 
when deciding whether it is formed in any particular liquid or not. 
Taking advantage of the intensity of the sunlight this year, an 
experiment was made with the object of determining how far solar heat 
alone would bring about the decomposition of ether. To this end, a 
tube containing ether and oxygen was exposed to the heating effect 
of the sun’s rays, being, however, carefully protected from light. 
After an exposure of six weeks, the ether was found to contain 
minute traces of hydrogen peroxide, but in no way approaching the 
quantity formed when it has been exposed to light for a very much 
shorter period. Dunstan and Dymond have laid considerable stress 
on the influence of temperature in addition to that of sunlight in 
bringing about the formation of hydrogen peroxide in ether (Trans., 
1890, 57, 988). It has, however, bcen shown (Trans., 1891, 59, 51) 
that ether exposed to light at 0° yields hydrogen peroxide freely, 
thus proving that decomposition can be effected under the influence 
of sunlight at comparatively low temperatures. 

No special study having been previously made of the other pro- 
ducts of the decomposition of ether when exposed to light in presence 
of oxygen, it seemed now of interest to determine this point. A 
quantity of ether, which had been exposed for five weeks in presence 
of water and oxygen, and which now contained large quantities of 
hydrogen peroxide, was tested and found to be strongly acid, as was 
also the aqueous solution. Sodium carbonate was then added, and 
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the excess of ether, together with any other volatile products which 
might have been formed, distilled off on the water bath. The distil- 
late smelt strongly of aldehyde, and this was proved to be present by 
its reducing action on ammoniacal silver nitrate, and also by its 
restoring the colour to a solution of rosaniline hydrochloride 
decolorised by sulphurous acid. The aqueous solution was then 
evaporated down, and, after the addition of dilute sulphuric acid, it 
was distilled. The distillate was neutralised, and a portion tested 
for acetic acid with ferric chloride, and the presence of the acid was 
proved by the red coloration produced. This was confirmed by heat- 
ing another portion of the distillate with alcohol and sulphuric acid, 
when a strong smell of ethylic acetate was observed. Experiments 
also showed that no carbon dioxide was formed during the decom- 
position of ether in sunlight, and it seems probable that the change 
consists in the oxidation of the ether first to aldehyde and then to 
acetic acid, together with the formation of hydrogen peroxide. The 
final result may, therefore, be represented by the equation 


2(C,H;).0 + 50, = 4C,H,0, + 2H,0.. 
It seems, then, that in this case, as in the case of oxalie acid 
(Trans., 1894, 65, 450), amyl alcohol, and certain other organic sub- 


stances, hydrogen peroxide is formed in the place of water, which 
would be a normal oxidation product. 


LXXXVII.—The Constitution of Lapachol and its Deri- 
vatwes. Part Il]. The Structure of the Amylene 


Chain. 
By Samvet C. Hooker. 
0 
/ \/N\o,H 
THE formula | | , expresses all that is definitely known 
regarding the constitution of lapachol. It is true that Paternd 


assigned to the —-C,H, group the structure ~CH:CHCH< Gy" and 
that I have adopted this in my former papers, but I have been careful 
to point out that this formula was employed provisionally only 
(Trans., 1892, 612; 1893, 430). 

In assigning the above constitution to the —C;H, group, Paternd 
was mainly influenced by the two following reasons. 
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I. He had identified isobutylene among the reduction products 
resulting from the distillation of lapachol over zinc dust. 

II. He believed that he had obtained f-iso-amylnaphthalene by 
submitting lapachol to the action of hydriodic acid and phosphorus. 

The substance obtained was not, however, A-iso-amylnaphthalene, 
as was subsequently proved by the synthesis of this compound by 
Roux (Bulletin, 1884, [2], 41, 380). -Iso-amylnaphthalene differs 
essentially from Paterno’s hydrocarbon. 

Thus, since the publication of Roux’s paper, the only two experi- 
ments bearing on the structure of the amylene chain lead to contrary 
conclusions. On the one hand, the formation of isobutylene points to 
the probability that the -C;H, group contains isopropyl ; and, on the 
other, the dissimilarity between Paternd’s hydrocarbon, CyH7C;Hu, 
and the fA-iso-amylnaphthalene prepared by Roux, renders the pre- 
sence of isopropyl improbable. 

The resalts of the experiments now to be communicated to the 
Society clearly prove that the amylene chain of — must be 


written —CH,°CH: oo , and not -CH:CH: CH<Oe , as has been 


previously assumed. 

It has been shown by Hooker and Carnell (Trans., 1894, 65, 84), 
that isovaleraldehyde and £-hydroxy-a-naphthaquinone, when heated 
in alcoholic solution, interact according to the following equation, 


I, 2C;H,O; + CyHyCHO = C,HyCH(CyH;0;), + H.0 ; 


but if the same substances, dissolved in acetic acid, are heated in the 
presence of a sufficiently large quantity of hydrochloric acid, the 
following entirely different reaction occurs (compare Proc., 1893, 9, 
259). 


O, O, 
Il. CuFt 8 + C,HyCHO = omen = 
OH OH 


CoH, OW CH: OH< GH + H,O. 
OH 


In the first case, the isovaleraldehyde unites with 2 mols. of the 
hydroxynaphthaquinone, an action which appears to be a general one, 
and which was first studied by Zincke and Thelen with benzaldehyde ; 
in the second, the same quantity of the aldehyde unites with 1 mol. 
of the hydroxynaphthaquinone only,* and the resulting compound, 
C,;H,,0;, is isomeric with lapachol. 

That the action has occurred as above indicated, is clearly demon- 
strated by the following facts. 


* Further details of this reaction, so far as other aldehydes are concerned, will 
be communicated later. 
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1. The compound exbibits all the properties of a hydroxyquinone. 
Having well developed acid properties, it dissolves readily in alkalis, 
and forms intensely coloured, crystalline salts. 

2. It yields an acetyl derivative, which is no longer capable of 
forming salts. 

3. When oxidised with nitric acid, it yields phthalic acid. 

4, It combines readily with bromine, forming an unstable additive 
compound, in which the bromine, as is apparent from the reactions 
of the compound, is unquestionably situated in the side chain. 

These properties demonstrate 

1. That the quinone group has taken no part in the reaction. 

2. That the hydroxyl group also remains undisturbed. 

3. That the side chain must be situated in the benzene ring con- 
taining the quinone and hydroxyl groups, and consequently that it 
occupies the B-position, which is the only one available. 

4, That there is a double bond present in the side chain. 

If, therefore, the origin of isolapachol from £-hydroxy-a-naphtha- 
quinone were alone considered, it would; be necessary to assign to it 
the first of the following formule, 


A 


OH 
\ CH:CH-CH< Gy? ( bg \ox:cH-cH< CH 
| 


h/? 
O 
(2). 


but as isolapachol differs from the derivatives of B-hydroxy-z-naphtha- 
quinone, in being of a brilliant brick-red colour instead of yellow, 
we must accept the second formula as the more probable one. (Com- 
pare pp. 1363, 1364.) 

The first of the above formule is that which, up to the present time, 
has been used as probably representing the constitution of lapachol, 
and thus the question arises, does the isomerism existing between 
lapachol and isolapachol merely depend on a difference in the quinone 
group? This can be readily answered in the negative, for if these 
compounds were related as shown in the formule (1) and (2), it is 
evident that on reduction they both must yield the same hydro- 
lapachol, 

OH 
/\/ Non: OH- cH<oH 


but as this is not the case, the amylene chain in lapachol cannot be 
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identical with that in isolapachol; hence the above formula (1) can 
no longer be :ccepted as representing the structure of lapachol.* 

I shall show in the following pages that lapachol and isolapachol 
can be converted without loss of carbon atoms into the same com- 
pounds. The changes involved are simple, and could hardly give 
rise to any alteration in the skeleton structure of the side chain, 


which must, therefore, in both cases be written -C-00<6, the car- 


bon atom to the extreme left being attached to the naphthalene 
nucleus. This follows as a necessary consequence from the synthesis 
of isolapachol from isovaleraldehyde. 

Now, from a skeleton of this structure, it is only possible to derive 
three amylene chains, namely, 

-CH:CHC<O ~CHyCHC< or ~CHyCHsC<6 7 

(1) (2) (8) 

and of these the first, being that present in isolapachol, cannot 
represent the structure of the chain in lapachol itself, whilst the 
third will not explain the reactions of lapachol, more particularly 
those connected with the passage of its derivatives into those of iso- 
lapachol. There remains consequently the second formula only, and 
this alone enables all the numerous reactions already studied to be 
satisfactorily interpreted. 

The reduction of Japachol, if carried sufficiently far, might, there- 
fore, be expected to lead to f-iso-amylnaphthalene, the hydrocarbon 
which Paterno believed to be formed by the action of hydriodic acid 
and phosphorus. As already stated, however, S-iso-amylnaphtha- 
lene has been synthesised by Roux, and it differs essentially from 
Paternd’s hydrocarbon. 

Paternd’s conclusions regarding the composition of his reduction 
product cannot, therefore, be accepted, for if the compound obtained 
were really C,H;-C;Hy, ¢.e., an amylnaphthalene, it is evident that 
the amylene chain in lapachol could not have for its structure the 
formula, ~CH,CH:C<GpF which the results of my experiments 
necessitate. I have therefore repeated in more detail Paternd’s work, 
and have found that the reduction product described by him is not a 
hydrocarbon, but a mixture of two isomeric compounds of the 
formula, C,;H,,.O. 

In order to understand the formation of these compounds, it is 
only necessary to remember that, by the action of mineral acids, 


* The possibility of stereoisomerism has not been overlooked; the assumption 
of its existence is however unnecessary. The relation of lapachol and isolapachol 
to each other, as will be presently seen, is made perfectly clear by their reactions. 


na tr eno a 2 Sek 
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lapachol is readily converted into either a- or B-lapachone, or a mix- 
ture of these substances ; and as the lapachones contain a closed side 
chain, in which the hydroxylic oxygen forms the connecting link 
between the amylene group and the naphthalene nucleus, it is evident 
that some difficulty might be anticipated in the removal of the whole 
of the oxygen; hence it is not surprising that the reduction products 
0;H 

obtained should have the formula, Cy~H,< 6 -. 

No analysis is given by Paterno of his supposed hydrocarbon, but 
its composition was deduced by him from the following analyses of a 


picrate prepared from it. 
Calculated for 


Paternd found. ©,oH;-C;H,, + CsH2(NO,);-OH. 
C...... 57°41, 57°29, 57°27 59°01 
i mae 4°61, 4°76, 5°15 4°91 
N.,... Not determined. 9°83 


Paterno explained the deviation of his analytical results from those 
required by the formula O,Hj,Cs;H.(NO,),;-OH, by the supposition 
that the picrate analysed contained small quantities of free picric 
acid. This explanation is however, no longer tenable. 

The analytical figures given below are the averages of all those 
obtained; that is, they include the results of Paternd’s analyses, as 
well as those of my own; and the comparison shows that they agree 
with the requirements uf the theory suggested above. 


Calculated for Mean of the 
C,;Hi,0,C,H2(NO2)3-OH. analytical results.* 
TF canon —<o. wee 57°14 
| ne er ee 4°30 4°57 
Dt viwesonseses< 9°52 9°61 


I have further confirmed the formula C,;H,O, by the analysis of 
the reduction product itself (compare p. 1367), and have found 
that of the two substances of which it is a mixture, the one— 
that predominating—can be obtained by the reduction of A-lapachone, 
whilst the other, which appears to be present in a small quantity only, 
can be readily prepared by the reduction of a-lapachone. There is, 
therefore, no doubt possible regarding the composition of Paternd’s 
reduction product, and the discovery that it contains oxygen has 
removed the difficulties which, as a hydrocarbon, its existence sug- 
gested. 

The conversion of the derivatives of lapachol into those of iso- 
lapachol, to which reference has been already made, can be best shown 
graphically as follows. 


* For details compare p. 1366. 


Tautomeric formule (3) probably 


corresponds to the stab 


le form. 
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0. 0. 
Olt} Ch CH,-CH: C<E C,H; ict CH:CH: cH< oR 
OH H 
Lapachol. Isolapachol. 
te | , | 
2 a 
C,H {oi -OHBr-OBr< CH CyH | Shi -CHBr: cH< oH 
10**4 $ CH 4 
OH wens OH 
Dibromhydrolapachol. Dibromhydroisolapachol., 


in alcoholic solution 


/ 
oth of OH: OBrCH< oH? 
OH 


.S Changes spontaneously 


O; CH 
C,H, 4 CH,-CH(OH)-C(OH) <Cis 
OH 


pe] 
Dihydroxyhydrolapachol. s (Not isolated). 
| | 
A. 
| | 
Z | 
=| 


O, OH, 
OH 3 


CH 


0. 
Outi} Clt-00-CH< EH (2) 
} OH 


0. CH, 
CoH, ny cae (3) 


L Hydroxyisolapachol. 


0, 
Cutt} O-CH< OH 


Isopropylfuran-naphthaquinone. 


The above illustrates in outline the reactions involved in the con- 
version of lapachol and isolapachol into hydroxyisolapachol. For the 
sake of clearness, I have avoided reference to the changes which in 
some instances simultaneously occur in the quinone group. These 
will be discussed in detail in the following pages. 

Several simpler methods of passing from the derivatives of lapachol 
into those of isolapachol, and vice versa, readily suggest themselves ; 
but experimentally, with the exception of the above, all have failed 
to accomplish the desired end. 
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The revision of the formula of lapachol renders necessary some 
modification in the formule of the remaining substances of this 
group; these changes may now be briefly discussed. 

The conversion of lapachol into the isomeric lapachones has been 
shown to depend on the absorption of a molecule of water, which is 
again subsequently eliminated, but in a different direction (Trans., 
1892, 61, 613) ; and there is every reason to believe that in the forma- 
tion of the intermediate additive compound the general rule has been 
followed, and the hydroxyl or negative group has attached itself to 
the carbon atom poorest in hydrogen. Consequently the following 
formule must, be ascribed to hydroxyhydrolapachol and lapachone 
respectively. 


O, ois ( O, cH, 
CoH.4 CHyCHyCCOH CH CHyCHsC< opr" 
OH CH; ()---——_I 
Hydroxyhydrolapachol. Lapachone. 
Similarly, chlorhydrolapachol becomes 
O 
A\/NoH,CHy OCl< oH 


and bromo-f-lapachone 


A\/\ cfts-CHBr: oe 


bok oy 


We 


Thus, the side ring of the lapachones cousists of six members, 
instead of five, as has been heretofore assumed. 

That a similarity exists between the lapachones, on the one hand, 
and the anhydrides of the synthetical compounds of the general 
formula 


- 
0 CH O 
Ve a te SO + 


| 
on x |) 
O O 

on the other, has been established by Hooker and Carnell (Trans., 
1894, 65, 76). In the case of the latter compounds, the anhydride 
formation can only give rise to a ring consisting of six members, 
hence the lapachones are more closely related to this group than was 
at first supposed. 
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The only remaining compound of the lapachol group to which it 
seems necessary to make special reference in the introductory portion 
of this paper is Paterno’s so-called tsolapachone. In a former commu- 
nication to the Society (Trans., 1892,61, 624), it was shown that this 
compound contains 2 atoms of hydrogen less than lapachone: it has, 
in consequence, the formula ©,;H,,0;, being isomeric with dehydro- 
lapachone (see next paper) and the isopropylfuran-naphthaquinones 
(pp. 1370, 1376). 

The structural formula provisionally suggested at that time, 
revised in accordance with the requirements of the new formula for 
lapachol, is, however, no longer tenable. I shall hope to discuss in 
the near future the results which have led to this conclusion. In 
the meantime the compound may be conveniently referred to as 
pseudo-dehydrolapachone. 


EXPERIMENTAL Part, 


Synthesis of Iso-B-lapachol (compare Proc., 1893, 9, 259).—This 
compound, to which reference has already been made on p. 1356, 
was prepared as follows :—10 grams of hydroxynaphthaquinone were 
heated on a steam bath with 175 c.c. of acetic acid. As soon as the 
substance had completely dissolved, 35 c.c. of isovaleraldehyde, 
immediately followed by 50 c.c. of concentrated hydrochloric acid, 
sp. gr. 1:20, were added; the flask was at once returned to the 
steam bath, and the heating continued for exactly 20 minutes. The 
solution was then poured into a relatively large volume of water. 
The dark oil which rose to the surface commenced to crystallise 
almost immediately. After standing over night, the crystalline crust 
was lifted off, allowed to drain, and finally repeatedly pressed between 
porous paper, so as to remove the oil as thoroughly as possible. The 
substance was then crystallised from a small quantity of alcohol.* 

Two preparations were made, the one from Kahlbaum’s “ valer- 
aldehyde,” the other from isovaleraldehyde synthesised from iso- 
butylic iodide. The purified products were found to be identical, 
equally satisfactory results being apparently obtained with Kahl- 
baum’s valeraldehyde, although optically active, as with the aldehyde 
synthetically prepared. The yield is very fair, from 7 to 9 grams of 
the purified substance being obtained from 10 grams of hydroxy- 
naphthaquinone. 


* The alcoholic mother liquor, after concentration to a small bulk, so as to first 
yield a second crop of crystals, was poured into about 400 c.c. of an aqueous 1 per 
cent. solution of sodium hydroxide. The iso-8-lapachol which remained in the 
mother liquor was thus extracted by the alkaline solution, from which, after filtra- 
tion from the resin, it was precipitated by hydrochloric acid as an orange oily 
substance, which gradually became crystalline. 
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Iso-8-lapachol was prepared for analysis by recrystallisation from 
alcohol. It separated in brilliant, brick-red needles, which melted at 
120°, showing signs of fusion at a slightly lower temperature. The 
following figures were obtained on analysis. 


I. 0°2035 gave 0°5528 CO, and 0°1071 H,O. C = 74°08; H = 5°84. 
II. 0'1991 ,, 05400 ,, ,, 01057 H,O. C = 73:97; H = 5:89. 
C,;H,,0; requires C = 7438; H = 5:78 per cent. 


Dilute aqueous solutions of sodium and potassium hydroxide dis- 
solve iso-A-lapachol readily, becoming intensely purple. From these 
solutions the corresponding salts can be easily obtained in a crystal- 
line condition by the addition of a concentrated solution of the 
respective hydroxide; when dry, the salts are dark violet, almost 
black. 

Iso-8-lapachol is very soluble in the ordinary organic solvents. In 
alcohol, more especially when in dilute solution, it slowly undergoes 
change, the odour of acetaldehyde becomes noticeable, and a yellow, 
granular, although crystalline, substance, sparingly soluble in alcohol, 
separates. This dissolves to some extent in 1 per cent. sodium 
hydroxide, but is apparently mostly converted into a salt by the 
alkali without passing into solution. Iso-8-lapachol is dissolved by 
concentrated sulphuric acid to a solution, which, after passing 
through various shades, soon becomes crimson, the odour of sul- 
phurous acid being distinctly perceptible. The precipitate obtained 
on the addition of water became resinous on drying, and consisted of 
more than one substance. 

Several attempts were made to form an additive compound with 
hydrogen chloride and hydrogen bromide respectively, as it wae 
thought possible that if such a compound were obtained it might 
serve as a stepping-stone to the preparation of lapachol itself: these 
experiments have proved entirely unsuccessful. 

The constitution of iso-f-lapachol has been already discussed in the 
theoretical portion of this paper. Reference may, however, be made 
somewhat more in detail to the fact that I have assigned to it the 
structure of a A-naphthaquinone derivative. This has been done 
becanse it is extremely probable that the difference in colour between 
a- and #-naphthaquinone derivatives of the types occurring in the 
lapachol group is a sharp and distinct one. 

In previous papers I have regarded the structure 
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as an unstable one, but the existence of iso-B-lapachol, as well as of 
similar compounds which have since been prepared in my laboratory, 
renders it probable that although frequently unstable this structure 
is not necessarily so. 

In the case of the internal anhydrides of the general formule 


0. Oo 
/\/\Y PVPs 
Fo Bee 
FO a 5 

O oO 

Red. Yellow. 


the relation of colour to structure can be readily established. Thus 
we have the red anhydrides which, without exception, form azines, 
and the yellow ones which do not; and whilst it is not possible with 
any degree of certainty to apply the azine test to the hydroxy- 
naphthaquinone derivatives themselves, owing to the mobility of the 
hydroxylic hydrogen, it may nevertheless be presumed, with a fair 
amount of probability, that a similar relation to colour in their case 
also holds good. Hence the red and yellow hydroxynaphthaquinones 
must, for the present at least, be regarded as ortho- and para-quinone 
derivatives respectively. 

Acetyl Derivative-—An acetyl derivative was readily obtained by 
boiling for two or three minutes 2 grams of iso-f-lapachol with 
4 grams of anhydrous sodium acetate and 13 c.c. of acetic anhydride ; 
the solution was then poured into a large volume of water; the oil 
which separated soon became crystalline. The acetate was purified 
by crystallisation from alcohol, in which it dissolves very readily, 
and from which it separates as yellow needles. The portion for 
analysis was again recrystallised, and then melted sharply at 74°. 
The analytical results were as follows. 


0°2128 gave 0°5568 CO, and 0:1071 H,0. C = 71:36; H = 5°59. 
C,;H,;(COCH;)O; requires C = 71°83; H = 5°63 per cent. 

The acetate, being yellow, is must likely an a-naphthaquinone 
derivative. Thus it is probably derived from isolapachol, the 
f-hydroxy-«-naphthaquinone derivative isomeric with iso-f-lapachol. 
Concentrated sulphuric acid gives with the acetate a violet colora- 
tion, which rapidly changes into crimson. The acetyl group is 
readily removed by caustic alkalis; the compound was boiled for a 
short time with a1 per cent. solution of sodium hydroxide until it 
had completely dissolved; hydrochloric acid precipitated iso-6- 
lapachol from the alkaline solution, and this, when once crystallised 
from alcohol, fused at about 119°5°. 

For the analyses of iso-8-lapachol, and also those of the acetate, I 
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am much indebted to Mr. C. C. Burger, who also rendered valuable 
assistance in the preparation of these compounds. 

Reduction of Lapachol.—This was conducted essentially as de- 
scribed by Paternd (Gazzetta, 1882, 12, 329). One part of lapachol, 
one part of amorphous phosphorus, and four parts by weight of 
hydriodic acid, sp. gr. 1:7, were heated together until the action 
which is at first quite brisk, appeared to be entirely ended. The 
lower or oily layer was separated, washed slightly with water, and 
then distilled in a current of steam. The oil which collected in the 
receiver passed over with very great difficulty, and the distillation was 
continued for some days. As a further means of purification, the oil 
was converted into the picrate described by Paternd. This was 
crystallised from alcohol and then decomposed by a dilute solution of 
ammonia, the liberated oil being extracted by agitation with ether. 
The ethereal solution was repeatedly washed with water, dried 
over calcium chloride and distilled ; after the ether had been driven 
off, the temperature rose rapidly and no further distillate was 
obtained until the thermometer registered over 300°. The first por- 
tions of the oil were discarded: that collected for analysis passed 
over at about 310°. 

The following figures were obtained. 


I. 0:2256 gave 0°7075 CO, and 0°1542 H,0. 
II. 02488 ,, 07596 ,, ,, 01671 H,0O. 


Found. Calculated for 


— oe, _ 

I. BG. C,;H,,0. C\oH,-C;H)). 
85°52 84°97 8490 90°90 
7°61 7°54 9-09 


It is apparent from these analyses that the oil is not an amyl- 
naphthalene. The analytical results point rather to the formula ° 
C,;H,,O, and this was further confirmed by the experiments given 
below. The action of hydriodic acid in giving rise to a reduction 
product, C,;H,,O, is a two-fold one, The lapachol first merely under- 
goes the change which is brought abont by all the stronger mineral 
acids, and which invariably results in the formation of a- or A-lapa- 
chone, or of a mixture of these substances. The quinone group is 
then completely reduced, and the product, C,;H,,0, is formed. 

Theoretically, therefore, the formation of two isomeric substances 
is possible, the one derived from a-lapachone the other from -lapa- 
chone ; and indeed it was subsequently found that the oil analysed 
was a mixture of these two isomerides. They will in future be 
referred to as a- and f-lapachan respectively. 

The reduction product as prepared above was amber coloured 

4x2 
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when freshly obtained, but, subsequently, it darkened considerably, 
even though protected from the light. It does not appear to distil 
entirely without decomposition at the ordinary atmospheric pressure, 
and the slight colour of the freshly prepared substance was probably 
due to this cause. About nine months after preparation, a few 
perfectly colourless prismatic crystals had formed, whilst by far 
the larger quantity of oil still remained in a liquid condition. 
Efforts were then made to obtain enough of the substance in a 
crystalline condition for analysis, and in view of the theoretical 
explanation of the reduction process suggested above, a- and /- 
lapachone were in turn submitted to the action of hydriodic acid and 
phosphorus. It was thus found that the reduction of a-lapachone 
gave rise to a substance which crystallised readily, and which was 
identical with that deposited in crystals from the oil. -lapachone, 
on the other hand, gave an oil which could not be obtained in a 
crystalline condition, and which was recognised by its picrate as 
being identical with the permanently fluid constituent of the oil 
obtained by the reduction of lapachol. 

A portion of the picrate obtained from the lapachol reduction 
product was several times recrystallised from alcohol and then 
analysed. 


0:2564 gave 0°5367 CO,and 0:1036H,0. C= 57:08; H = 4°48. 
01847 ,, 0°3846 CO, ,, 0°0746H,0. C = 56°79; H = 4°48. 
02013 ,, 0°4211 CO, ,, 0°0756H,O. C = 57:05; H= 417. 
0°2007 _ ,, lost » 0°0793 H,0. . H = 439. 
0°2484 ,, 20°8 c.c. moist nitrogen at 19°6° and 761 mm. N = 9°60. 
01518 , 128cc. ,, - 162° ,, 771mm. N = 9°61. 
C,sH,.0,C;H,(NO,),;OH requires C = 57:14; H = 430; N = 9'52 p.c. 


Subsequent to the discovery that there are in the lapachol reduc- 
tion product two distinct substances, a portion of the picrate analysed 
was carefully examined; it was found to consist entirely of the 
f-lapachan derivative, the smaller quantity of the corresponding 
a-lapachan product having been entirely eliminated in the alcoholic 
mother liquors. In the substance which these deposited on evapora- 
tion, the presence of «-lapachan picrate could be readily demonstrated. 

Reduction of «-Lapachone.—Twenty grams each of a-lapachone 
and amorphous phosphorus were gently heated with 110 c.c. of 
hydriodic acid of sp. gr. 15. The action was moderated by occa- 
sional withdrawal from the source of heat, and when it appeared to 
be ended, the temperature was raised to, and maintained at, the 
boiling point for a few minutes. The resulting oil, after thorough 
washing with hot water, was dissolved in alcohol and freed from 
phosphorus by filtration. The «-lapachan present was then converted 
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by the addition of picric acid (15 grams) into its picrate which 
separated readily, and was purified by recrystallisation several times 
from alcohol. Rather more than 10 grams of the picrate was thus 
obtained in a satisfactory condition, although its colour remained 
persistently darker than that of the pure substance. From the alco- 
holic solution of the picrate, a-lapachan was obtained by the addition 
of sodium hydroxide dissolved in a little water, in quantity theoreti- 
cally sufficient to combine with the picric acid. It was prepared for 
analysis by recrystallisation from alcohol, a small quantity of a much 
less soluble compound being thus removed. The substance first 
analysed was slightly coloured, treatment with animal charcoal 
having failed to produce a perfectly white product. : 


I. 0°2375 gave 0°7336 CO, and 0°1573 H,O. C = 8424; H = 7:35. 

II. 0°1824 ,, 05657 CO, ,, 0:1202H,0. C= 8458; H = 7°32. 

III. 0°1698 ,, 0°5252 CO, ,, 0:1130H,0. C= 8435; H = 7°39. 
C,;H,.O requires C = 84°90; H = 7°54 per cent. 


As the above figures were not entirely satisfactory, the preparation 
was further purified by distillation with steam, followed by recrystal- 
lisation from alcohol. It then melted sharply at 112°5 to 113°5°, was 
perfectly white, and gave analytical results as follows. 

0°1822 gave 0°5655 CO, and 0°1255 H,O. C = 8464; H = 7°65. 

a-Lapachan crystallises in long and remarkably brilliant needles 
readily soluble in hot alcohol. In concentrated sulphuric acid, it 
dissolves to a yellow solution: the addition of water produces in this 
a milkiness which slowly gives way to a formation of microscopic 
crystals. With picric acid, it combines very readily, the acid chang- 
ing instantly to bright red on coming in contact with an alcoholic 
solution of «-lapachan. The picrate crystallises well from alcohol in 
red needles, being only moderately soluble in the cold: dilute solu- 
tions are, however, apt to deposit some crystals of a-lapachan 
simultaneously with the picrate. 

The picrate melts sharply at 140°, and gave the following ana- 
lytical results. 

0°2181 gave 0°4580 CO, and 0°0821 H,O. C =57:27; H= 418. 

C,;Hs0,C,H,(NO,);-OH requires C = 57:14; H = 4°30 per cent. 


Reduction of B-Lapachone.—This was conducted essentially as pre- 
viously described for the corresponding %-compound ; the resulting 
oil, still enclosing amorphous phosphorus, was distilled with steam. 
The #-lapachan, which collected as an oil in the receiver, was 
filtered off from the water, dissolved in alcohol, and converted into 
its picrate. After recrystallisation, the latter fused at 143—144°, 
and was recognised as being identical with the picrate previously 


| 
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obtained from lapachol, of which analyses are given on page 
1366. In spite of the melting point being only 3—4° higher than 
that of the picrate of a-lapachan, and that in appearance the two 
are essentially identical, the picrate of B-lapachan can be readily 
recognised by the intensely blue-green colour which it yields when 
slightly warmed with concentrated sulphuric acid, a colour which 
f-lapachan itself develops under the same circumstances, but which 
in the case of a-lapachan and its picrate is entirely wanting, the last 
two substances giving only a yellow solution. 

In consequence of their mode of formation, the following formule 
must be ascribed to «- and 8-lapachan respectively. 


Ciencia 
tae, CH, 1\ fata ae 
waa 

a-Lapachan. B-Lapachan. 


In the foregoing experiments I am indebted for valuable assistance 
to Mr. H. L. Wood, who undertook the somewhat tedious prepara- 
tion of the lapachol reduction product, and also made several of the 
analyses of its picrate. 


Action of Sulphuric acid on Dihydroxyhydrolapachol. 


If dihydroxyhydrolapachol be dissolved in concentrated sulphuric 
acid, the solution, at first orange-red, almost instantly passes into a 
brown, and then more slowly into a dingy purple-red. Action takes 
place simultaneously in three directions, giving rise to the formation 
of hydroxy-fA-lapachone, isopropylfuran-a-naphthaquinone, and iso- 
propylfuran-f-naphthaquinone. 

The changes involved are as follows. 

I. Hydroxy-f-lapachone is formed, 


O Oo 
CH | 
/\/ \ cH; CH(0H).0C OH /\/ oH, CH(OH)-C(CH;)2 
@™ nied & 2” % 
bl SY ws XY 
Dihydroxyhydrolapachol. Hydroxy-f-lapachone. 


If. Dibydroxyhydrolapachol is converted into hydroxyisolapachol, 


Oo ) 
CH 
yf Ee ca | fi \/\ cH, 0(0H):0< 08s 
Hz = 
e “ee Wer 
) 0 
Not isolated. 


CH; + H.O 
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Oo 
é bee C<oH ( \4 Som. CO oH< ey 
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wen ae 
/\/ — “0(OH): cH< GH 
| 
Ay OH 
Hydroxyisolapachol. 


III. Hydroxyisolapachol then gives off water, and is simultaneously 
converted into its internal a- and B-anhydrides, 


O 
by H80, “\/\on:c-cH< CH 


ad 

by NaOH O- 

ee NPR 
O 


AA CH:0(0H).cH< ET 
| | Isopropylfuran-a-naphthaquinone. 
Aen ie 
by H,SO on 
Hydroxyisolapachol. Bes 200 \CH:C-CH< op 
NaOH a 
ee YY 


Tsopropylfuran-8-naphthaquinone. 

Whilst it is not possible to isolate hydroxyisolapachol under the 
above circumstances, because it so readily undergoes further change, 
its formation as an intermediate product can be demonstrated by 
employing sulphuric acid somewhat diluted, but even in this case 
small quantities only escape further action. That the change into the 
isopropylfuran-naphthaquinones takes place through the intermediate 
stage as above shown is further proved by the reconversion of both 
the anhydrides into the same hydroxyisolapachol by boiling aqueous 
solutions of the alkalis. The hydroxyisolapachol thus isolated, when 
submitted to the action of concentrated sulphuric acid is again con- 
verted into a mixture of both anhydrides. The above interpretation 
of the dehydration of dihydroxyhydrolapachol resulting in the for- 
mation of hydroxyisolapachul and the isopropylfuran-naphthaquinones, 
is the only one suggesting itself which is in perfect accord with the 
whole of the facts accumulated in the study of the compounds of this 
group. Its acceptance would seem to be rendered necessary by the 
possibility of converting iso-f-lapachol into hydroxyisolapachol and 
the isopropylfuran-naphthaquinones (pp. 1360, 1379), and also by 
the existence of the lomatiols and dehydrolapachone (see following 
paper), which have most probably the following formule respectively. 
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Ak -cH-cL0H re wn ‘OH: o< Os 
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Lomatiol and isolomatiol. Dehydrolapachone. 


Whilst the above changes are those occurring with concentrated 
sulphuric acid in the cold, there are yet others which are effected by 
the somewhat dilute acid at the boiling temperature. .In this case 
however, the principal product of the action is isopropylfuran- 
a-naphthaquinone, small quantities of hydroay-a-lapachone aud 
anhydrodihydroxyhydrolapachol being simultaneously formed. The 
last two products are here met with for the first time. 

The relation of hydroxy-«-lapachone to hydroxy-B-lapachone is the 
same as that existing between «- and 8-lapachone, but the methods 
which are applicable for the conversion of a- into B-lapachone, and 
vice versd, have failed to produce corresponding changes with the 
hydroxylapachones. 

Anhydrodihydroxyhydrolapachol is formed by the removal of one 
molecule of water from dihydroxyhydrolapachol ; it has consequently 
the formula C,;H,,0O,, being isomeric with the hydroxylapachones, 
Its structure is undoubtedly correctly represented as follows. 


B43 
None os “Uc Hs 


Ayo 


This may be inferred from the following facts. 

I. Anhydrodihydroxyhydrolapachol dissolves in alkaline solutions 
readily, forms intensely coloured stable salts, and has the properties 
of a hydroxynaphthaquinone generally ; consequently the hydroxyl 
group attached to the naphthalene nucleus has not been disturbed. 

II. It can be dissolved in concentrated sulphuric acid, and pre- 
cipitated therefrom unchanged. This proves the absence of the 
original hydroxyl groups attached to the second and third carbon 
atoms of the side chain, as in the presence of an hydroxyl group 
at either of these points, an internal anhydride would undoubtedly 
be formed by exposure to the action of the acid. 


Isopropylfuran-«-naphthaquinone. 


This compound was first prepared by heating dihydroxyhydro- 
lapachol in acetic acid solution with a small quantity of sulphuric 
acid. This method of preparation has its disadvantages, and as it 
was subsequently improved on, it is only given in detail here, because, 
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in addition to isopropylfuran-«-naphthaquinone, two secondary pro- 
ducts were isolated as the result of the action, which have not yet 
been obtained as satisfactorily in any other way. 

Twelve grams of dihydroxyhydrolapachol were dissolved in 100 c.c. 
of acetic acid, to which 5 c.c. of concentrated sulphuric acid, sp. gr. 
1:84, had been previously added. The solution was boiled with a 
reflux condenser for 20 minutes, during which time it changed in 
colour from orange to greenish-brown; it was then immediately 
poured into a large volume of cold water. A dark oily substance 
was precipitated, which soon commenced to crystallise, and on the 
following day was readily filtered off. In addition to dark coloured 
resinous products, the crude substance consisted of a mixture of iso- 
propylfuran-c-naphthaquinone and another compound, fusing point 
179°5°, which was subsequently proved to be acetoxy-a-lapachone. 
These compounds were separated by repeated crystallisation from 
alcohol, animal charcoal being at first freely used. It was found 
after the resin had been removed by one or two crystallisations that 
isopropylfuran-a-naphthaquinone, which crystallises very readily 
from sufficiently concentrated solutions, first separated. It was thus 
obtained in heavy needles, from which the supernatant liquid, still 
retaining the larger quantity of the acetoxy-a-lapachone, was readily 
poured off. The solution on further standing, deposited both 
substances, acetoxy-z-lapachone predominating, however, in the 
mixture. A preliminary separation having been thus effected, no 
difficulty was encountered in subsequently completely purifying the 
compounds. The yield of isopropylfuran-a-naphthaquinone amounted 
to about 33 per cent., and that of acetoxy-a-lapachone to about 6 per 
cent. of the dihydroxyhydrolapachol employed. 

Isopropylfuran-a-naphthaquinone fuses at 110°, and, when abso- 
Jutely pure, crystallises in canary-yellow needles, but as it is difficult 
to remove the last traces of colouring matter, the compound as 
usually obtained is apt to be light brown. From moderately impure 
solutions, the needles deposited are almost black, and frequently so 
much shortened that they appear as heavy grains. If a moderately 
concentrated alcoholic solution be rapidly cooled by immersion in 
cold water, care being taken not to agitate or otherwise disturb it, 
the solution apparently solidifies as the compound separates, in pale 
yellow, flattened needles, grouped together in globular masses. If 
now a few fragments of the crystals of the compound as ordinarily 
obtained be dropped upon the surface of the crystalline mass, they 
gradually increase in size and number at the expense of the more 
bulky variety, replacing it entirely in the course of a few hours. 
This change is very striking and characteristic. 

Analysis gave the following figures. 
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0°1617 gave 0°4423 CO, and 00751 H,O. C= 7459; H = 5°16. 
C,sH,,0; requires C = 75°00; H = 5:00 per cent. 


Isopropylfuran-a-naphthaquinone can be distinguished from all the 
remaining compounds so far obtained from lapachol by the colour of 
its solution in concentrated sulphuric acid, which is intensely 
crimson. On dilution, the substance is reprecipitated from the acid 
unchanged. 

Isopropylfuran-¢-naphthaquinone is best prepared as follows. 
600 c.c. of dilute sulphuric acid (one volume of acid, sp. gr. 1°84, 
and two volumes of water) are heated to boiling, and then transferred 
to a flask containing 8 grams of dihydroxyhydrolapachol. A few 
fragments of a porous tile, &c., are added to prevent the solution 
from becoming superheated and obviate bumping. A reflux con- 
denser is then adjusted, the heating immediately resumed, and the 
solution kept briskly boiling for 15 minutes. Hydroxy-f-lapachone 
appears to be formed as the substance first dissolves, a clear orange- 
red solution being obtained; as the action is continued, the liquid 
becomes turbid, an oil separates which gradually darkens, and 
becomes ultimately greenish-brown. After the boiling has been con- 
tinued for the required time, the solution is allowed to stand until 
the dark oily substance has completely crystallised ; this is then col- 
lected,* washed, and digested for about 24 hours with a'1 per cent. 
solution of sodium hydroxide, in order to remove small quantities of 
anhydrodihydroxyhydrolapachol (compare p. 1378). The crude sub- 
stance is then purified by crystallisation from alcohol, the addition of 
animal charcoal being desirable. The weight of the purified substance 
approximates to about half of that of the dihydroxyhydrolapachol 
employed in its preparation. 


Acetoxy-a-lapachone and Hydroxy-2-lapachone. 


The compound obtained in the preparation of isopropylfuran- 
a-naphthaquinone (p. 1371), crystallising from alcohol in pale yellow 
woolly needles, and fusing at 179°5°, was analysed, with the following 
results. 


0°2044 gave 0°5072 CO, and 0:0993 H,O. C = 67°67; H = 5:39. 
02058 , 05108 ,, ,, 00995 ,, C = 67°69; H = 5°36. 
Cy,H,.O; requires C = 68°00; H = 5°33 per cent. 

The formation of a compound of the formula C,H,;0; from 
dihydroxyhydrolapachol is in part due to the action of the acetic acid 
used asa solvent. Thus, 


* The sulphuric acid filtrate, in addition to isopropylfuran-a-naphthaquinone 
and anhydrodihydroxyhydrolapachol, also contains small quantities of hydroxy-a- 
lapachone. 


AND ITS DERIVATIVES. 


I. C,5Hi.05 = C1sH.O, + H,0. 
ri, C,3;H,,O, + CH,;-COOH = C,s;H,3(O°CO-CH;) 0; + H.O. 


The dihydroxyhydrolapachol is thus first converted into an internal 
anhydride, which then yields an acetyl derivative; the acetate is 
yellow, and is derived from the hitherto unknown hydroxy-a- 
lapachone 

A CH 
f yf our OB(om)-o<omy 
a a 

The correctness of these conclusions was proved as follows. 

I. By the removal of the acetyl group and the isolation of hydroxy- 
a-lapachone. 

II. By the reconversion of hydroxy-a-lapachone into dihydroxy- 
hydrolapachol by the action of a boiling aqueous solution of sodium 
hydroxide. 

III. By the reconversion of the hydroxy-a-Japachone into the 
acetate fusing at 179°5° by the action of acetic anhydride. 

Acetoxy-a-lapachone dissolves in concentrated sulphuric acid, 
giving an orange-red solution from which, when freshly prepared, 
the addition of water reprecipitates the compound apparently una!- 
tered. The acid solution, on long standing, however, slowly under- 
goes a change, and eventually, after a week or two, becomes crimson 
in colour, doubtless owing to the formation of isopropylfuran-a-naph- 
thaquinone. 

The conversion of acetoxy-a-lapachone into hydroxy-a-lapachone 
cannot be accomplished by dilute caustic soda (1 per cent.), as it was 
found that in addition to effecting the removal of the acetyl group, 
the alkali simultaneously opened the side ring, converting the com- 
pound into dihydroxyhydrolapachol. From the behaviour of the 
lapachones previously studied this was to have been expected. 
Whilst apparently pure, the dihydroxyhydrolapachol obtained did 
not fuse sharply even after several recrystallisations from alcohol ; 
and the hydroxy-f-lapachone into which it was converted for further 
identification, whilst also apparently pure, fused through a com- 
paratively wide range. It is therefore probable that the dihydroxy- 
hydrolapachol contained a small quantity of its acetyl derivative. 

The acetyl group may be removed from acetoxy-a-lapachone by 
the action of dilute sulphuric acid. The strength of the acid is of 
importance, as if too weak, the hydrolysis does not occur, and if too 
strong, the hydroxy-a-lapachone first formed immediately undergoes 
further change, and cannot be isolated. After a number of experi- 
ments, it was found that good results may be obtained as follows. 
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For 1 gram of acetoxy-a-lapachone, 150 c.c. of dilute sulphuric 
acid (1 volume of acid, sp. gr. 184, and 3 volumes of water) are 
used. The substance is ground, and then thoroughly moistened 
with a small portion of the acid, this being most readily done, by 
adding a drop or two at a time, to the substance still in the mortar- 
It is then rinsed with a few c.c. of the acid, kept in reserve for 
the purpose, into the main portion previously heated to boiling in a 
vessel provided with a reflux condenser. The heating is continued 
for precisely six minutes from the time the solution recommences to 
boil, and if the substance has been carefully ground, it will dissolve 
almost completely in this time. The solution is now cooled as rapidly 
as possible, and immediately filtered, being poured back, if necessary, 
until quite bright. Hydroxy-a-lapachone soon commences to separate 
in small, bright, yellow crystals, but crystallisation occurs slowly, 
and is complete after some hours only. 2°02 grams of hydroxy-a- 
lapachone were obtained from 2°84 of the acetate. 

For purification for analysis, the compound was crystallised from 
alcohol, from which it separates slowly in a rich, yellow crust con- 
sisting of numerous small rosettes, fusing at about 187°. 


0°1948 gram gave 0°4955 CO, and 0:0946 H,O. C = 69°37; H = 5:39. 
C,;H,,O, requires C = 69°76; H = 5°42 per cent. 


Hydroxy-a-lapachone was reconverted into its acetyl derivative as 
follows: 0°18 gram was mixed with 0°36 gram of dried sodium 
acetate, and boiled for a few minutes in a test tube with 5 c.c. of 
acetic anhydride. The liquid was then poured into water, and the 
oil which first separated soon solidified to a pale yellow, crystalline 
substance, which, after crystallisation from alcohol, was recognised 
by its melting point, 179°, by its crystalline form and other proper- 
ties, to be the compound sought for. 

By the action of dilute alkalis, hydroxy-a-lapachone, like hydroxy- 
f-lapachone (Trans., 1892, 649) is converted into dihydroxyhydro- 
lapachol. 0°18 gram was boiled for a few minutes with about 13 c.c, 
of 1 per cent. sodium hydroxide; the substance dissolved readily to 
a claret coloured solution. Acetic acid was then added in slight 
excess. No precipitation occurred immediately, but yellow crystals 
separated slowly on standing, which were found to be identical in all 
particulars with those of dihydroxyhydrolapachol. 

Hydroxy-a-lapachone dissolves in concentrated sulphuric acid in 
the cold to an orange-red solution. The addition of water discharges 
most of the colour, leaving the solution yellow, but does not cause 
the immediate formation of any precipitate; unchanged hydroxy-a- 
lapachone separates, however, slowly on standing. 

Moderate heating with somewhat dilute sulphuric acid converts 
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hydroxy-a-lapachone into isopropylfuran-2-naphthaquinone, and for 
this reason it is necessary to carefully follow the directions given 
above in the preparation of hydroxy-a-lapachone from its acetate, 
otherwise the substance liberated will undergo this further change. 
0°19 gram of hydroxy-c-lapachone was boiled with 10 c.c. of dilute 
sulphuric acid (acid sp. gr. 1:84, 1 volume, water 2 volumes) for about 
seven minutes. The substance dissolved to a clear, yellow solution, 
which soon became turbid. When cold, the partly crystallised, 
brown deposit was filtered off and purified by crystallisation from 
alcohol. It was then recognised by its fusing point, 109°5°, by the 
crimson colour with which it is dissolved in concentrated sulphuric 
acid, and by crystallising in the two characteristic forms, as isopropyl- 
furan-a-naphthaquinone. 


Hydroxyisolapachol. 


When isopropylfuran-a-naphthaquinone is boiled with dilute 
caustic soda, the furfuran ring is opened, and hydroxyisolapachol is 
formed. The change does not take place as smoothly as in the con- 
version of the various lapachones into the corresponding hydroxyl 
compounds, and the action of the alkali is not so energetic. 

The operation was conducted as follows: 6 grams of isopropyl- 
furan-a-naphthaquinone were boiled under a reflux condenser with 
600 c.c. of a 1 per cent. solution of sodium hydroxide for nearly 
three hours. The substance first fused, then gradually passed into 
solution, leaving a solid residue, consisting of a new compound, 
which did not appear to be further attacked by the alkali. As the 
highly coloured solution cooled, some unchanged isopropyl-furan- 
a-naphthaquinone separated, which had probably passed into solu- 
tion in consequence of the reduction of its quinone group, and 
which in proportion as air gained access to it was oxidised and 
reprecipitated.* To complete the oxidation, air was drawn through 
the cold alkaline solution for two or three hours; the precipitate 
was then filtered off, and the filtrate acidified with dilute hydro- 
chloric acid. The hydroxyisolapachol which then separated as a 
curdy precipitate weighed, when dry, about 3°4 grams. 

Hydroxyisolapachol is very soluble in alcohol even when dilute. 
It separates from this solvent in yellow, silky needles, which, when 
pure, melt at 133°5—134°. 

02311 gave 0°5893 CO, and 0'1119 H,O. C = 69°54; H = 5:38. 

C,,H,,0, requires C = 69°76; H = 5°42 per cent. 


* The unchanged substance, mixed with the compound above referred to, was 
again submitted to the action of sodium hydroxide, and this resulted in the further 
gain of a small quantity, about 0°65 gram, of hydroxyisolapachol. 
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It dissolves readily in dilute alkaline solutions, the colour pro- 
duced being intermediate in shade between the claret-red of lapachol 
and the orange-red of S-hydroxy-a-naphthaquinone. The cautions 
addition of hydrochloric acid to a moderately dilute alkaline solution 
causes the liquid to set to a pale yellow, jelly-like mass. 

Hydroxyisolapachol is dissolved by concentrated sulphuric acid to 
an orange-red solution, which almost instantly changes to a brown, 
and ultimately becomes a dark, dull red. 0°25 gram was dissolved in 
about 5 c.c. of concentrated sulphuric acid, which was allowed to act 
for about five minutes. The acid was then poured into water. 
When the resulting orange-red precipitate had become crystalline, 
the microscope revealed a mixture of yellow and red needles. These 
were separated by crystallisation from dilute alcohol, and were then 
recognised by their melting points, crystalline form, and colour re- 
actions with concentrated sulphuric acid as isopropylfuran-«- and iso- 
propylfuran-8-naphthaquinone (see below) respectively. 


Isopropylfuran-B-naphthaquinone. 


If either dibydroxyhydrolapachol or hydroxyisolapachol be dis- 
solved in concentrated sulphuric acid, isopropylfuran-f-naphtha- 
quinone is formed. In both cases, however, it is only one (compare 
pp. 1368, 1369) of the products of the action, and hence its prepara- 
tion from either of the above substances by this method is tedious, 
and the yield small. 

If hydroxyisolapachol be reduced to the corresponding hydro- 
quinone, 


OH 
/ \/NcH:c(0H).cH< GH? 


| : 

| 
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the anhydride formation still takes place readily. The action, how- 
ever, under the conditions given below, is almost entirely confined to 
the hydroxyl group occupying the a-position in the naphthalene 
nucleus. The resulting compound can then be readily converted by 
oxidation into isopropylfaran-f§-naphthaquinone. 

The operation is conducted as follows. 

2°5 grams of hydroxyisolapachol is dissolved by the aid of heat in 
100 c.c. in acetic acid, and 80 c.c. of water. 2°5 grams of zinc dust, 
followed by 40 c.c. of dilute hydrochloric acid (8 volumes water and 
1 voluume acid, sp. gr. 1°20), are then added, and the solution is 
boiled under a reflux condenser for five minutes. The excess of zinc 
is next filtered off, and 0°65 gram of chromic acid dissolved in 25 c.c. 


AND ITS DERIVATIVES. 1377 


of water added. Red needles of isopropylfuran-8-naphthaquinone 
commence to separate shortly afterwards. 

For analysis, the substance was recrystallised from alcohol until it 
melted sharply at 94—95°. 


02096 gave 0°5741 CO, and 0°0956 H,O. C = 7470; H = 5:07. 
C,;H,.0; requires C = 75:0; H = 5:0 per cent. 


If asmall quantity of isopropylfuran-8-naphthaquinone be dissolved 
in a few drops of acetic acid, a deep, orange-red solution is obtained, 
which becomes intensely crimson on the addition of a few drops of 
concentrated sulphuric avid, and as the quantity of sulphuric acid is 
gradually increased becomes purple, and finally dark green. It is 
dissolved by concentrated sulphuric acid alone to a rich blue-green 
solution, from which water, if added soon afterwards, reprecipitates 
the substance essentially unaltered. The prolonged action of con- 
centrated sulphuric acid gradually, however, produces a change, 
resulting in the formation, amongst other products, of some isopropy]- 
furan-2-naphthaquinone. 

Pseudodehydrolapachone (Paternd’s isolapachone), which is iso- 
meric with isopropylfuran-8-naphthaquinone, also develops almost 
exactly the same shade of green with concentrated sulphuric acid ; it 
may, however, be readily distinguished by the fact that the green 
passes in a few minutes into a dark purple, whereas no such change 
occurs with isopropylfuran-8-naphthaquinone. The melting point of 
the two substances also differs widely, as pseudodehydrolapachone 
melts at 140—141°. They can, moreover, be readily distinguished 
by their behaviour with dilute caustic alkalis; in both cases acid 
substances are formed, but that obtained from isopropylfuran-- 
naphthaquinone alone is stable, whilst that to which pseudodehydro- 
lapachone gives rise (compare Trans., 1892, 61, 623, 624), when liber- 
ated from its salts, immediately passes into its internal anhydride. 

Dehydrolapachone (see following paper), the red anhydride obtained 
by Rennie (Trans., 1895, 6'7, 792) from lomatiol, has also the formula 
C,;H,.03, being isomeric with the above compounds, but its melting 
point, 110—111°, as well as the orange-red colour, passing into a 
brown, developed with concentrated sulphuric acid, serves to dis- 
tinguish it from them both. 

Isopropylfuran-8-naphthaquinone (0°50 gram) was boiled with a 
1 per cent. solution of sodium hydroxide (50 c.c.) for about 30 
minutes. The crystals fused to a red oil, which gradually decreased 
in quantity and darkened, until finally little besides small quantities 
of a blue substance* remained undissolved. The alkaline solution 
was filtered off from this and acidified with acetic acid. The yellow, 


* This was found by microscopic examination to be distinctly crystalline. 
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curdy, precipitate, consisting of microscopic tufts of needles, weighed 
0°37 gram, and after crystallisation from dilute alcohol, was recognised 
by its melting point and other properties as hydroxyisolapachol. 

Isopropylfuran-8-naphthaquinone dissolves in concentrated hydro- 
chloric acid with difficulty, forming a purple solution. Under these 
circumstances, it is gradually changed, being ultimately converted 
into the corresponding «-naphthaquinone compound. When action is 
allowed to take place in the cold, it is possible to demonstrate the 
presence of an intermediate product soluble in alkalis, and, doubtless, 
corresponding to chlorhydrolapachol, which was previously shown 
(Trans., 1892, 61, 621) to be formed by the action of hydrochloric acid 
on f-lapachone in its conversion into a-lapachone. The change can 
be readily effected in an hour or so by digesting the substance in a 
relatively large quantity of hydrochloric acid, sp. gr. 1:20, at a tem- 
perature of about 75°. The isopropylfuran-¢-naphthaquinone obtained 
in this way possessed all the characteristics of that prepared as pre- 
viously described from dihydroxyhydrolapachol. 

Isopropylfuran-8-naphthaquinone, in virtue of its orthoquinone 
group, gives a characteristic azine with orthotolylenediamine, which 
cerystallises in yellow, silky needles, and melts with decomposition at 
about 132°, darkening, and showing signs of fusion some degrees 
lower. The azine is coloured dark green by concentrated sulphuric 
acid, but the solution, when seen in sufficiently thin films, appears 
pink ; the addition of a small quantity of water precipitates a dull-red 
salt, which is decomposed on further dilution. The azine undergoes 
a change when its alcoholic solution is allowed to stand for a few days 
at the ordinary temperature. The solution becomes darker, and 
exhibits increased fluorescence, depositing fluffy, orange-red crystals, 
which develop a carmine colour with concentrated sulphuric acid. 

For much valuable experimental assistance in the preceding study 
of the dehydration of dihydroxyhydrolapachol, I am greatly indebted 
to Mr. J. G. Walsh, junior, whose painstaking and careful work has 
greatly contributed to the successful conclusion of this research. 


Anhydrodihydrozyhydrolapachol (compare p. 1370). 

This substance is formed in small quantity in the preparation of 
isopropylfuran-c-naphthaquinone from dihydroxyhydrolapachol. In 
order to isolate it, the latter, in its crude condition, is digested with 
a weak solution of sodium hydroxide (compare p. 1372). The alkaline 
extract is acidified with dilute hydrochloric acid, and the resulting 
precipitate purified by crystallisation several times from alcohol, 
animal charcoal being at first used. The crude substance, previous 
to recrystallisation, amounted to only about 4 per cent. of the di- 
hydroxyhydrolapachol. 
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Anhydrodihydroxyhydrolapachol crystallises in small, yellow tufts 
of short needles, which fuse at 190°5—191°, and dissolve in alkaline 
solutions with a rich crimson-red colour ; the substance is reprecipi- 
tated by acids in a distinctly crystalline condition. 

Like all the other lapachol derivatives previously studied, it 
appears to be perfectly stable in alkaline solution; even after boiling 
for about five hours with a 1 per cent. solution of sodium hydroxide, 
the substance had undergone no change. 

The following analytical results were obtained. 


I. 0°1405 gave 0°3579 CO, and 0°0686 H,O. C = 69°47; H = 5:42. 
IT. 0°1638 ,, 0°4176 CO, and 0°0818 H,O. C = 69°54; H = 5°54. 
C\sH yO, requires C = 69°76; H = 5°42 per cent. 


Anhydrodihydroxyhydrolapachol dissolves in concentrated sulph- 
uric acid to an orange-red solution, from which, water, if added soon 
afterwards, reprecipitates the substance essentially unaltered. If, 
however, the solution, previous to dilution, be allowed to stand for 
two or three days, the substance appears to be completely changed, 
and a brown precipitate is then obtained, which differs in its pro- 
perties from anhydrodihydroxyhydrolapachol, but still remains almost 
entirely soluble to a red solution in dilute alkalis. 


Conversion of Iso-B-lapachol into Isopropyljuran-B-naphthaquinone. 


Seven grams of bromine, dissolved in 30 c.c. of chloroform, were 
gradually added to 10 grams of iso-8-lapachol, dissolved in 65 c.c. of 
chloroform. The bromine appeared to be completely absorbed, and 
the solution of iso-8-lapachol became lighter in colour as it was 
added. The chloroform was at once distilled off from a water bath ; 
the residue, which was resinous, was taken up in 50 c.c. of alcohol. 
No perceptible quantity of hydrogen bromide passed over with the 
chloroform, hence an additive product had undoubtedly been formed. 
The alcoholic solution was allowed to stand eight days at the autumn 
temperature of the laboratory, during which time it darkened in 
colour, becoming intensely orange-red ; the alcohol was then partially 
distilled off. During the operation, hydrogen bromide and other 
pungent fumes passed over. When reduced to a small bulk, water 
was added to the solution ; the dark red resin precipitated was washed 
and then gently warmed with a small quantity of a 1 per cent. solu- 
tion of sodium hydroxide, to remove the traces of acid still present ; 
the substance shortly commenced to crystallise. After standing over- 
night in contact with the alkali, it was crystallised from dilute 
alcohol; 3:4 grams of beautiful red needles were obtained. 

The alcoholic mother liquor was concentrated, but, as no further 
crystals separated, the substance in solution was again submitted to 
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the treatment with 1 per cent. sodium hydroxide, above described. 
This resulted in a gain of an additional gram of the red needles; 
thus, in all, the yield of the pure substance amounted to 44 per cent. 
of the iso-8-lapachol used. 

For analysis, the substance was again crystallised from alcohol. 


I. 0°2516 gave 0°6875 CO, and 01111 H,O. C = 7452; H = 4°90. 
II. 01489 ,, 04091 ,, ,, 00669 , C= 7493; H = 499. 
C,;H,,0; requires C = 75°00; H = 5:00 per cent. 


The substauce has thus the composition C,;H,,0;, and is otherwise 
identical with isopropylfuran-f-naphthaquinone. It melts at 94—95°, 
dissolves inconcentrated sulphuric acid with a characteristic blue-green 
colour, is converted by alkalis into hydroxyisolapachol, and by hydro- 
chloric acid into isopropylfuran-a-naphthaquinone; it gives an azine 
with orthotolylenediamine, melting at about 132°, thus behaving in 
all particulars similarly to the isopropylfuran-B-naphthaquinone 
described above, with which it is, beyond all doubt, identical. 

Various attempts were made to isolate the intermediate products 
in a pure condition, but these have not met with success. The 
crude substance, which is left in a resinous condition on the evapora- 
tion of the chloroform (see above), has doubtless the formula 


0 
Ona) CHBr-CHBr-CH;. 
OH 


This was treated with 1 per cent. sodium hydroxide in the cold; it 
dissolved slowly and almost completely. From the solution, impure 
hydroxyisolapachol was precipitated by the addition of acids. 


The condensation of A-hydroxy-«-naphthaquinone with isovaler- 
' aldehyde, resulting in the formation of iso-B-lapachol, and the further 
change of the latter under the influence of bromine into a furfuran 
derivative of S-naphthaquinone, which can then be converted into 
the corresponding derivative of a-naphthaquinone, would seem to 
justify the anticipation that we have in these reactions general 
methods, firstly, for the preparation of alkylene derivatives of hydr- 
oxynaphthaquinone, in which the alkylene chain occupies the 
8-position next to the hydroxyl group, and, secondly, for the conver- 
sion of these compounds into furfuran derivatives of both a- and 
B-naphthaquinone. 

This subject is also of interest as being likely to furnish further 
material for general deductions regarding the formation of internal 
anhydrides, and the conversion of ortho- into para- and of para- into 
ortho-quinone derivatives. 
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In view of these possibilities, I have felt justified in undertaking a 
further study of these reactions. The results of my experiments will 
form the subject of a future paper. 


Philadelphia, U.S.A. 


LXXXVIII.—Lomatiol (Hydroxyisolapachol). 


By Samurt C. Hooker. 


In an interesting paper published last year (Trans., 1895, 784), 
Rennie gives the results of his study of the yellow colouring matter 
which surrounds the nuclei of the seeds of two species of the 
Australian lomatia, and expresses the belief that the compound is a 
hydroxylapachol, recording, in support of his conclusions, its conver- 
sion into hydroxy-f-lapachone.* Dr. Rennie has very kindly for- 
warded to me small specimens of his substances, and a careful 
comparison enables me to confirm his conclusions, and to state 
positively that the hydroxy-f-lapachone received is identical with 
that previously obtained by me (Trans., 1892, 649) from dihydroxy- 
hydrolapachol. 

Having established the intimate relation existing between lapachol 
and the lomatia colouring matter, Dr. Rennie suggested formule for 
the various substances obtained in the course of his work, which 
were based upon what appeared to be at that time the most probable 
structure of lapachol. Since, however, it is now necessary to modify 
this (see preceding paper), corresponding changes must also be made 
in the structure of the lomatia compounds. 

To prevent confusion with the hydroxyisolapachol described in the 
preceding paper, I shall refer to the lomatia colouring matter as 
lomatiol. 

Since the formula of hydroxy-f-lapachone must now undoubtedly 
be written 


O 
af \/\ourcH (on .0<, 


ye 


\4N\7 
0 


and further, since lomatiol, C,;H,,O,, when submitted to the action of 
concentrated sulphuric acid, appears to be first converted into an 
anhydridé, C,;H,.0;, which, by the absorption of 1 mol. of water, 
becomes hydroxy-f-lapachone, it is evident that the hydroxyl in the 


* The melting point of hydroxy-8-lapachone previously given by me is, as Rennie 
has surmised, too low. 
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side chain of lomatiol must be attached to the same carbon atom, as 
are also the two methyl groups. The hydroxyl group being thus 
located, there is only one position possible for the double bond, 
namely, that between the first and second carbon atoms of the chain. 
We have therefore the following changes as the result of the action 
of concentrated sulphuric acid. 


A a AX cH 
CH:CH- ‘0. 0H CH:CH-C<o7° 
bt rel) Bee 
VY Vy 
Lomatiol, Dehydrolapachone, 
C,5H,,0,. ©,5H 203. 
Som CH(OH)- <0Hs 
a i 
Hydroxy-f-lapachone. 
Ci Oy 


It is thus apparent that lomatiol is a derivative of isolapachol, and 
not of lapachol itself. 

By the action of a boiling aqueous solution of caustic potash on 
dehydrolapachone, the regeneration of lomatiol might be expected, 
but Rennie states that an isomeric hydroxylapachol, which may be 
called zsolomatiol, is formed instead. This can probably be best 
explained by the supposition that the latter and lomatiol are stereo- 
isomeric compounds, and that lomatiol does not pass directly into 
dehydrolapachone, but is first converted into isolomatiol, a change 
which may be regarded as a necessary preliminary to the anhydride 
formation. 


Thus HO-C,H,O,)-C-H HC: OwHl.(0,)-OH 
H:C-C-OH ~~ HC: oon 
NCH; CH, 
Lomatiol. Isolomatiol. 


After making due allowance for the change in the structure of 
lapachol, the above interpretation of the facts which Rennie’s experi- 
ments have furnished differs in some minor details from that suggested 
by Rennie himself. The want of material unfortunately renders 
impossible an experimental inquiry as to its value at the present 
time; the existence, however, of substances in the lapachol group 
isomeric with, but entirely distinct from, the lomatiol compounds, 
reduces the number of formule which might otherwise have been 
available, and gives weight to the relations suggested above. 
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As Dr. Rennie has very kindly left to me the further investigation 
of these compounds, and has promised his assistance in securing the 
necessary material, I shall hope to return to the consideration of this 
subject in the future. 


Philadelphia, U.S.A. 


LXXXIX.—Contributions to the Knowledge of the 


B-Ketonic acids. Part II. 
By Srecrrigp Rupemany, Ph.D., M.A., and C. G. L. Wotr, 
B.A., M.D. 


In a paper recently published by one of us and E. A, Tyler (Trans., 
1896, 69, 530), it was shown that the sodium derivative of ethylic 
acetoacetate readily reacts with ethylic chlorofumarate with the 
formation of a compound for which the formula 


C HyC=—C ‘COOC.H,; 
CH-COOC,H; 
O—C H-COOCc.H; 


was brought forward. This constitution was derived from the 
chemical and physical properties of the substance, and also from 
the fact that the same compound is produced by using ethylic 
chloromaleate. It is, moreover, supported by the following con- 
siderations. 

If the interaction of ethylic sodioacetoacetate and ethylic chloro- 
fumarate were to take place as indicated by the equation 


CH;CO-CHNa:COOC.H; + COOC,H,;CH:CCl-COOC,H; = 
COOCc,H,; 
NaCl + CH;CO-CH-C-COOC,H,, 
COOC,H,CH 


it might be expected that at the same time alcohol would be eliminated 
with the formation of the ethereal salt of a dicarboxylic acid, namely, 
ethylic methylcoumalindicarboxylate. This conclusion would follow 
from the synthesis of the ethereal salt of isodehydracetic acid, which 
is brought about by the action of ethylic sodioacetoacetate on ethylic 
A-chiorisocrotonate (Anschiitz, Bendix, and Kerp, Annalen, 259, 179), 
as indicated by the following symbols 
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0O0C.H; CH 
CH,;'CO-CHNa rid 
| C,H;0-CO 
| COOC,Hs CH; 
CH;¢:0 —-- C:CH 
O CO 


The result of the action of the sodium derivative of ethylic aceto- 
acetate and ethylic chlorofumarate is, however, the ethereal salt of a 
tricarboxylic acid. The view of the constitution of this ethereal salt 
as expressed by the name ethylic methyldihydrofurfurantricarb- 
oxylate, is also supported by the experiments recorded in this com- 
munication. 


Action of Hthylic Chlorofumarate on Ethylic Benzoylacetate. 


Forty grams of ethylic benzoylacetate are added to the solution of 
48 grams of sodium in 100 grams of absolute alcohol, and 43 grams 
of ethylic chlorofumarate are then gradually introduced. A re- 
action sets in immediately, and is complete after an hour’s heating 
on the water bath. On removing the alcohol by distillation, and 
adding water, an oil separates, which is taken up with ether. The 
ethereal extract is dried with calcium chloride, the ether evaporated, 
and the oily residue distilled in a vacuum. Almost the total quan- 
tity comes over at 242—245°, under a pressure of 20 mm., as a 
yellow oil with a green fluorescence. The compound is very viscous, 
and does not solidify in a freezing mixture of ice and salt. It is 
insoluble in dilute potash, and does not react with phenylhydrazine. 

On analysis, it gave numbers corresponding with the formula 
C15H220;. 

0°2252 gave 0°5206 CO, and 0°1128 H,O. C = 63:04; H = 6:06. 

C).H 20; requires C = 62°98; H = 6:07 per cent. 

The compound resembles in its chemical behaviour the product of 
the interaction of ethylic sodioacetoacetate on the ethereal salts of 
chlorofumaric and chloromaleic acids, and it may be regarded as 
ethylic phenyldihydrofurfurantricarboxylate, 


C.HsC—¢-COOC,Hs 
H-COOC.H;. 
—CH:-COOC.H; 
Action of Potash—Like the corresponding methyl compound, this 
ethereal salt is readily hydrolysed. By boiling the solution of the 


furfuran compound in alcoholic potash in a flask with a reflux con- 
denser on the water bath, a red oil collects at the bottom of the 
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vessel, which is undoubtedly the potassium salt of the acid. After 
four hours’ heating, the alcohol is distilled off, and the residue treated 
with an excess of hydrochloric acid, when carbon dioxide is evolved, 
and a crystalline precipitate separates, which increases on standing 
over night. The solid is collected on a filter, and the mother liquor, 
which still contains a small quantity of the substance, is extracted 
with ether. This compound readily dissolves in boiling water, and 
the solution, after being decolurised by animal charcoal, deposits, 
on cooling, bunches of colourless needles, which melt with slight 
decomposition at 172°, having begun to soften a few degrees lower. 

On analysis, the following numbers were obtained, corresponding 
with the formula C,,H,,0.. 

02068 gave 0°4342 CO, and 0:0920 H,O. C= 56:98; H= 491. 

C,.H,.0, requires C = 57:14; H = 4°76 per cent. 

The hydrolysis of the furfuran compound leads also in this case to 
the formation of an acid, namely, acetophenylmalic acid, the consti- 
tution of which is to be expressed by the formula 

C.HsC(OH).CH-CH-COOH 
CH(OH)-COOH. 

The silver salt of this acid is obtained on the addition of silver 
nitrate to the solution of the acid neutralised by ammonia. For 
analysis it was dried first in a vacuum over sulphuric acid, and then 
at 100°. 


02542 left on ignition 0.1176 Ag. Ag = 46°26. 
Cy2HiAg,O, requires 46°35 per cent. 


The aqueous solution of the acid gives a white precipitate with 
lead acetate, which dissolves in water with great difficulty. Copper 
sulphate, when added to the solution of the acid neutralised with 
ammonia, throws down a bluish-green salt. 


Action of Ammonia on Ethylic Phenyldihydrofurfurantricarboxylate. 


Ammonia reacts with this ethereal salt as it does with ethylic 
methyldihydrofurfurantricarboxylate. On allowing the ethereal salt 
to remain in contact with strong aqueous ammonia for three days, 
the contents of the vessel are transformed into a semi-solid mass of 
crystals, which readily dissolves in hot water, and, on cooling, comes 
down in long, thin needles, softening at 180° and melting at 
185—186°. 

A nitrogen determination leads to the formula C,sHiN.Os. 


0°2194 gave 17°5 c.c. moist nitrogen at 16° and 759 mm. N = 9°28. 
C,s;HisN,0; requires N = 9°21. 
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The constitution of this compound is no doubt similar to that of 
the substance produced from ethylic methyldihydrofurfurantricarb- 
oxylate, and is probably expressed by one of the following formule: 

C,H; C—0-CONH, C.Hs° o=—¢: COOC.H; 
HAN CH-COOC.H; or HN CH-CONH:. 
o¢—CH-OH 00—CH-OH 


Action of the Sodium Deriwative of Ethylic Methylacetoacetate on 
Ethylic Chlorofumarate. 


The interaction of ethylic chlorofamarate and the sodium deriva- 
tives of ethylic acetoacetate and ethylic benzoylacetate was explained 
by the assumption that the hydrogen atom of the a-hydrocarbon 
group, contained in the ethereal salts of these £-ketonic acids, shifts 
and brings about the closing of the ring in the following manner 
R:C—¢- COOC.H,; . 

CH:-COOC,H;. 

O—CH-CO0C.H, 

If this explanation be correct, it may be expected that by using 
the sodium derivative of ethylic acetomethylacetate instead of ethylic 
sodioacetoacetate, either the ethereal salt of a tricarboxylic acid of the 
formula 


R-C:CH-COOC,H; CH-COOC,Hs__ 


OH CIC<C000,H, 


CH,C i<j 


b ociigono 
would be produced, or that the interaction of these substances would 
be accompanied by the splitting off of ethylic acetate with the 
formation of the compound 
CH;C—C-COOC,H, 
= , 
O—C-COOC,H; 


which is to be regarded as ethylic methylfurfurandicarboxylate. 
That the reaction takes place in the latter manner is proved by 
experiment, and this fact affords a further support to the constitu- 
tion given above for the compounds formed by the interaction of 
ethylic chlorofumarate and the sodium derivatives of ethylic aceto- 
acetate and ethylic benzoylacetate. The reaction is ountiod out in 
the following way. 

Thirty grams of ethylic acetomethylacetate are mixed with a cold 
solution of 4% grams of sodium in 100 grams of absolute alcohol, 
and 43 grams of ethylic chlorofumarate gradually added, when the 
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mixture turns deep red. On allowing it to stand over night, the 
cake of ethylic sodioacetomethylacetate disappears with precipita-— 
tion of sodium chloride. The reaction is complete after about an 
hour’s heating at 100°, the contents of the flask having a strong 
odour of ethylic acetate. On distilling on the water bath, the ethylic 
acetate passes over together with the alcohol; water is added to 
the residue, which throws down an oil; this is taken up with ether, 
the solvent evaporated, and the remaining oil allowed to stand in a 
vacuum over sulphuric acid, when, after several hours, crystals 
separate and gradually increase in quantity. 

A certain amount of the same compound is still contained in the 
red aqueous solution, and may be obtained by adding an excess of 
hydrochloric acid and extracting with ether. The oil which is left, 
partially solidifies on standing in a vacuum. 

The substance obtained from the product of the reaction, before 
and after acidification, is collected on a filter, washed with benzene 
to remove adhering oil, and dissolved in hot, dilute spirit, from 
which, on cooling, it separates in colourless plates, melting at 132°. 

The thick, yellow oil formed along with this substance does not 
deposit any crystals; on distillation in a vacuum, it suffers decom- 
position, leaving a black mass in the distilling flask. It is a mixture 
of the furfuran derivative of ethylic acetomethylacetate, ethylic 
chlorofumarate, and other compounds. 

Analysis of the compound melting at 132° gave the following 
numbers, which correspond with the formula for ethylic methyl- 
furfurandicarboxylate 

CHsC—C-COOC,H; 
CH 
O—C:-COOC,H; 
0°2196 gave 0°4692 CO, and 0:1180 H,O. C = 58:27; H = 5°97. 
02136 ,, 04584 , , 01194 , C= 5851; H = 621. 
C,H,,0; requires C = 58°40; H = 6:19 per cent. 

The ethereal salt readily dissolves in alcohol and glacial acetic 
acid, but with difficulty in benzene. The alcoholic solution of the 
compound is coloured red-violet on the addition of ferric chloride. 
The substance is soluble in ammonia and in dilute alkalis, and is 
reprecipitated unchanged from the yellow solution on the addition of 
hydrochloric acid. This behaviour explains why a certain amount of 
the furfuran derivative is contained as a sodium compound in the 
aqueous solution of the product of the interaction of ethylic chloro- 
fumarate and ethylic acetomethylacetate. The solubility of ethylic 
methylfurfurandicarboxylate may be attributed either to a splitting 
of the furfuran ring or to the negative characters of the -CH group. 
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_ The remarkable properties of the product formed from the 
ethereal salt on hydrolysis rendered it desirable to fix its formula by 

the determination of the molecular weight. 

(1.) 0°3468 gram dissolved in 23°309 grams of glacial acetic acid 
produced a depression of 0°25°. 

(2.) 0°3884 gram dissolved in 24671 grams of glacial acetic acid 
produced a depression of 0°26°. 

(3.) 0°7616 gram dissolved in 32°022 grams of absolute alcohol, 
distilled from sodium, increased the boiling point by 0°12°. 

(4.) 1:2256 grams dissolved in 33°6680 grams of absolute alcohol 
increased the boiling point by 0°18°. 


Found. 


1. W* tt. iv. 
232 236 228 232 


Calculated for 


Hydrolysis of Ethylic Methylfurfurandicarbozylate. 


_ The compound formed from the ethereal salt on hydrolysis is, on 
account of its remarkable properties, of considerable interest. Its 
study, which has occupied us for some time, led to the following 
result. 

The hydrolysis of ethylic methylfurfurandicarboxylate is accom- 
panied by elimination of carbon dioxide, and yields a compound 
which, when dried at 100°, has the composition C,H,O;, and this 
formula agrees also with the determination of its molecular weight. 
The syntbesis of this substance from the furfuran derivative would 
lead to the view that it is to be regarded as methylfurfuranmono- 
carboxylic acid, 


Its behaviour, however, as described below, points to the conclu- 
sion that it is to be looked upon as methylhydroxycoumalin, and 
that by the action of the hydrolysing agent on the ethereal salt at 
the same time, a destruction of the furfuran ring takes place as indi- 
cated by the following symbols 


CH; C—CH CH» C—OCH 


Methylfurfurancarboxylic Methylhydroxycouma- 
acid, lin. 
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This anhydride exists only when the compound is dried at 100°, or 
in solution in solvents free from water, such as acetone or absolute 
alcohol. In the presence of water, however, it is partially trans- 


formed into the dihydroxy-acid, the aqueous solu- 


C-OH’ 
COOH 
tion of which decomposes barium carbonate with evolution of carbon 
dioxide. 

The analytical results lead to the view that in aqueous solution an 
equilibrium is established between the acid and its internal anhy- 
dride which is reached when the system has the composition 


3(CeH,0,),C.H.O; —= 4C,H,O; + 3H,0, 


and which is also maintained in the air-dried substance. 

The hydrolysis of ethylic methylfurfurandicarboxylate may be 
effected by boiling the solution of the ethereal salt with a concen- 
trated aqueous solution of potash, or by heating it with hydrochloric 
acid. In the former case, the reaction is complete after three hours; on 
addition of hydrochloric acid, carbon dioxide is evolved, and a crys- 
talline precipitate is thrown down, which increases on standing; the 
mother liquor contains a quantity of the substance, which may be 
extracted by frequently shaking with ether. It is, however, more 
convenient to bring about the hydrolysis of the ethereal salt by 
boiling it with concentrated hydrochloric acid in a flask provided 
with a reflux condenser. The salt melts and gradually disappears; 
after two hours’ heating, a dark coloured solution is obtained which, 
on evaporation on the water bath, leaves a dark residue. This is 
dissolved in water, and the solution, after being decolorised by 
animal charcoal, deposits, on cooling, colourless prisms, which melt 
at 244° to a brown liquid. 

On drying the compound at 100°, the crystals become opaque, and 
have then the composition C,H,O;, as indicated by the results of the 
following analyses, of which the first was made with a specimen 
obtained by hydrolysis with potash; the second by hydrolysis with 
hydrochloric acid. 


0°2252 gave 0°4727 CO, and 0°0966 H,O. C = 572; H = 4°76. 
02102 ,, 04384 , , 00950 , C= 5688; H = 5:02. 
C,H,.O; requires C = 57:14; H = 4°76 per cent. 


The compound is insoluble in benzene and chloroform, readily 
soluble in alcohol and acetone. 

The molecular weight of the compound, dried at 100°, was deter- 
mined in solution in acetone with the following result. 
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0°5788 gram dissolved in 34°365 grams of acetone increased the 
boiling point by 0°19°. 


Calculated for 
Found. 


148 


The solution of the coumalin derivative in absolute alcohol only 
slightly reddens blue litmus paper; on addition of water, however, it 
becomes strongly acid. A solution of the compound in absolute alco- 
hol, when mixed with sodium alcoholate dissolved in alcohol, becomes 
deep red; the colour grows paler as water is added. These facts 
point to the conclusion that the product formed by hydrolysis of 
the furfuran derivative, when dried at 100°, is not an acid, but 
becomes such in the presence of water. The acid, C,H,O,, is not 
stable, and readily changes into its anhydride, C,H,O;, and this 
transformation partially takes place in aqueous solution and reaches 
an equilibrium, corresponding with the composition 3C,H,0,,C.H.Os, 
which is maintained in the air-dried crystals. 

We are indebted to Dr. A. Hutchinson for the following crystallo- 
graphic examination. 


“System. Asymmetric. 
a:b:¢ = 11925: 1: 1:2369. 
a = 94° 8’, B = 104° 44’, y = 79° 3! 


“ Forms observed : 


a{100}, b{010}, c{001}, m{110}, g{011}, d{012}, x{102}. 
“ Table of angles : 
Measured (mean). Calculated. 


46 
34 

5 
46 
15 
13 
35 
27 


“ The axial planes are well developed on these crystals which are 
often elongated in the direction of the Z axis. 

“ The form {110} is nearly always present, and is sometimes large, 
the remaining faces, though of frequent occurrence, are small, and 
give poor reflections. 

“ There is no well marked cleavage. 
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“The extinction on b(010) in the obtuse angle £ is inclined 12° to 
the edge ab. 

“ The extinction on a(100) in the obtuse angle @ is inclined 363° to 
the edge ab.” 


The substance gives off the whole of the water at 100°, no further 
loss occurring at 110°. 

The following determinations of the water were made with speci- 
mens of different preparations of the air-dried substance. 


02098 gram lost on drying at 100° 0°0202 gram = 9°63 per cent. 
0°3000 a * a 00290 , = 966 
0°2446 - “ ‘s 00236 ,, = 9°65 
0°3666 * . ™ 00360 ,, = 955 
0°4054. a - ” 00398 , = 981 


4C,H,O;,3H,O requires for transformation into 4C,H,O; a loss of 
9°67 per cent. 

On titration of three different preparations of the substance, it was 
found that a solution of 0°3766 gram of the air-dried compound was 
neutralised by 20°7 c.c. of a solution containing 0°0037 gram NaOH 
in 1 c.c., which corresponds to 20°34 per cent. of NaOH. 

0°3704 gram of the air-dried compound was neutralised’ by 21 c.c. 
of the same solution, which corresponds to 20°98 per cent. NaOH. 

0°2766 gram was neutralised by 168 c.c. of a solution containing 
00036 gram NaOH in 1 c.c., which corresponds to 21°93 per cent. 
NaOH. 

4C,H,O; + 3H,0 requires for neutralisation 21°46 per cent. NaOH. 
- The acid does not form a stable salt with ammonia, for, on warm- 
ing, dissociation of the salt takes place, and the liquid becomes acid. 
A silver salt is not formed, as on addition of silver nitrate to the 
solution, rendered neutral with ammonia, reduction sets in, a silver 
mirror being deposited on the glass on warming. The acid de- 
colorises potassium permanganate and also reduces Fehling’s solution, 
as does coumalic acid. The solution in alcohol turns deep red with 
sodium alcoholate, and, on adding ether, a reddish precipitate is 
thrown down, which is extremely hygroscopic. No precipitate is 
formed in aqueous solution by barium, lead, or zinc salts. 

The properties of this compound are interesting enough to deserve 
further investigation, which is in progress. 


Action of Ethylic Sodioacetoacetate on Ethylic a-Chlorocrotonate. 


This sages was studied with a view of ascertaining whether the 


grouping peor. of ethylic z-chlorocrotonate is negative enough 


3 
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to cause a condensation similar to that brought about by the inter- 
action of ethylic sodioacetoacetate and the ethereal salts of chloro- 
fumaric and chloromaleic acids, thus giving rise to the formation of a 
compound of the formula 


CH;C—G-COOC.H, 
(1) G H-CH, 
O—CH:COOC,.H; 


It was found, indeed, that an ethereal salt of the composition 
C,,H,,O; is produced, the behaviour of which, however, seers to 
indicate that it does not possess the above constitution. Of the two 
formule, 

CH,C—C-COOC.H; 
and (3) | GH-COOC.H,, 
o— H-CH; 


which may be taken into consideration, the symbol (3) best explains 
the properties of the compound described below. The formation of 
such a substance would lead to the conclusion that the negative 
grouping of ethylic e-chlorocrotonate is not sufficient to transform 
the ketone group of ethylic acetoacetate into the ethenol group. 

The action may be regarded as proceeding first with formation of 
CH;CO-CH-COOC,H, 
CH;'CH:C-COOC.H; 
suffers a molecular transformation, accompanied by a condensation to 
the ring compound, ethylic methyldihydrofurfurandicarboxylate. 

The ethereal salt is prepared as follows. 29°6 grams of ethylic 
a-chlorocrotonate are added to a solution of ethylic sodioacetoacetate, 
obtained by mixing 26 grams of ethylic acetoacetate with 4°6 grams 
of sodium in 100 grams of absolute alcohol. The mixture is boiled 
on the water bath in a flask with a reflux condenser until it shows 
only a slight alkaline reaction to litmus; this point is reached after 
three or four hours’ heating. The alcohol is then evaporated, water 
is added to the residue, the oil which is thrown down is extracted 
with ether, and, after removal of the ether, distilled in a vacuum. It 
boils at 160—162° under a pressure of 16 mm., and has the density 
d 19°/19° = 1-0986. 

The following analytical numbers agree with the formula C,,H;,05. 
0°2296 gave 0°5024 CO, and 0°1538 H,O. C = 59°62; H = 7:43. 
Ci2HigO; requires C = 59°50; H = 7°43 per cent. 

The molecular refraction does not enable us to decide between 
formula (1) or (3), on the one hand, and (2) on the other, as the 
values lie close together. They are for the expression C;,.H;0”,03;<|= 
= 60°76 and for C,,.H,,0";0.<|- = 60°88. 


(2) CH;CO-CH-COOC.H, 
CH,;'CH:C-COOC,.H; 


, which, in the second phase of the reaction, 
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Mr. A. S. Hemmy, of St. John’s College, bad the kindness to deter- 
mine the refractive index of the compound, and found it to be 
Ny, = 1°464 at 22°. 


The molecular refraction, 


60°78. 

The chemical behaviour of the compound, however, points to the 
formula (3). The ethereal salt is insoluble in alkalis; it does not 
react with phenylhydrazine; it evolves hydrogen bromide on the 
addition of bromine, as does ethylic methyldihydrofurfurantricarb- 
oxylate. The action of the halogen on the ethereal salt is accom- 
panied by an evolution of heat which renders the use of carbon 
tetrachloride as a diluting agent advisable. The yellow oil which 
remains after removal of the carbon tetrachloride, suffers partial 
decomposition on distillation in a vacuum. A bromine determination 
of the product, which had been heated to 150° under reduced pres- 
sure and allowed to stand in a vacuum over potash and sulphuric 
acid, gave 26°14 per cent: of Br. This value indicates that the 
formula of the bromo-derivative is C,,H,BrO;, which requires 24°92 
per cent. Br. These properties of the compound seem to exclude 
the constitution represented by the symbol (2), and the behaviour 
towards ammonia points to formula (3). 

Action of Ammonia.—The ethereal salt, when allowed to remain in 
contact with a concentrated aqueous solution of ammonia, gradually 
disappears, while crystals separate. The reaction is almost complete 
after thee to four days, when the solid is collected. This dissolves 
in boiling water, and, on cooling, separates in colourless plates, which 
melt at 169—170°, and have the formula C,)H,,NQ,. 

0°1999 gave 0°4134 CO, and 0°1276 H,O. C = 5640; H = 7°09. 

02680 ,, 16:0 c.c. moist nitrogen at 25°and 758mm. N = 6°64. 

C,oH,;NO, requires C = 56°24; H = 7°04; N = 6°57 per cent. 

From the composition of this substance, it follows that the action 


of ammonia on the ethereal salt yields a monamide, which may be 
represented by one of the following two expressions. 
CH,C—0-CONH, CH;-C—¢-COOC,H; 
CH-COOC,H; or OH-CONH:. 
O—CH:CH; O—CH-CH; 

The behaviour of ammonia towards the product resulting from the 
action of ethylic sodioacetoacetate on ethylic a-chlorocrotonate differs, 
therefore, from that of ammonia on the compounds formed from 
ethylic chlorofumarate and the sodium derivatives of ethylic aceto- 
acetate and ethylic benzoylacetate. In these cases we have to assume 
the opening of the furfuran ring with accompanying condensation to 


a? —1 


es + 2)d’ 


amounts, therefore, to 
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pyridine derivatives, which we should also expect if the compound 
©,2H;,0; had the constitution (1). 
These considerations lead, thus, to the formula 
CHsC—0-C00C,H, 
O CH-COOC,H; 


\Z 
CH-CH; 
for the ethereal salt. 

The reason why this compound shows a greater stability is most 
probably to be found in the positive character of the groups with 
which the —O- atom of the furfuran ring is united. The product 
formed on hydrolysis of the ethereal salt is still under examination. 


Gonville and Caius College, 
Cambridge. 


XC.—Formation of Pyrazolone Derivatives from 
Chlorofumarie acid. 
By Srecrriep Runemann, Ph.D., M.A. 


Criavus and Voeller (Ber., 1881, 14, 151), and W. H. Perkin, senior 
(Trans., 1888, 53, 702), by the action of ammonia on ethylic chloro- 
fumarate, obtained, in addition to ethylic chlorofumaramate, the 
diamide of amidofumaric acid. The réadiness with which the chlo- 
rine atom of the ethereal salt is replaced by the amido-group, 
rendered it probable that hydrazine would also effect a similar sub- 
stitution, and at the same time bring about a condensation to a pyr- 
azolone compound. Such a change does, in fact, take place, and 
gives rise to the formation of ethylic 5-pyrazolone-3-carboxylate, as 
represented by the equation 


COOC,.H;CH:CCl-COOC,H; + 2NH,NH, = COOC.H;C—G 
N C 
\Z 
NH 
+ C.H,O + NH;-NH,2,HCI. 
This substance is identical with the compound which v. Rothen- 
burg (J. pr. Chem., 1895, 51, 53) obtained from the ethereal salts of 
oxalacetic and acetylenedicarboxylic acids. We have, therefore, to 
assume that the condensation of ethylic chlorofumarate and hydr- 
azine hydrate to the pyrazolone derivative is accompanied by a mole- 
cular transformation similar to that which brings about the formation 
of ethylic 5-pyrazolone-4-carboxylate from ethylic dicarboxygluta- 
conate and the hydrazine (Ber., 1894, 2'7, 1658 ; 1895, 28, 987). 


H, 
O 


i 


ee 
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The action of hydrazine hydrate on ethylic chlorofumarate pro- 
ceeds with great development of heat. The product, on cooling, sets 
to a mass of crystals if the reagents are employed in the proportion 
of 1 mol. of the ethereal salt to 2 mols. of hydrazine hydrate; but, 
in using an excess of the base, no solid separat®s until the liquid is 
neutralised with hydrochloric acid. The crystals are collected, and 
dissolved in boiling water, from which, on cooling, colourless needles 
separate, softening at 180° and melting at 184—185°. They are 
readily soluble in alcohol and ether, and their aqueous solution is 
coloured red by ferric chloride. 

The following analytical data correspond with the formula 
C.H,N,0s3. 


0°2500 gave 0°4220 CO, and 0'1116 H,0. C = 46:03; H = 496. 
02794 °,, 40 c.c. moist nitrogen at 22° and 762mm. N = 17°87. 
C.H,N.0; requires C = 46°15; H = 5:12; N = 17°94 per cent. 


For identification, the compound obtained by v. Rothenburg was 
prepared from ethylic oxalacetate. This product gives the same 
reactions, and melts at the same temperature as does the substance 
produced from ethylic chlorofumarate, whilst v. Rothenburg gives 
the melting point 179°, and states that the ethereal salt is almost 
insoluble in water. 

Besides ethylic 5-pyrazolone-3-carboxylate, there is formed a com- 
pound which is very readily soluble in water, and is contained in 
the mother liquor from the pyrazolone derivative. This reduces 
Febling’s solation, and crystallises from concentrated aqueous solu- 
tion in plates decomposing at about 236°. It was not further 
examined, but there can be no doubt that it is identical with the 
substance formed along with ethylic pyrazolonecarboxylate from the 
ethereal salt of oxalacetic acid, which v. Rothenburg characterised as 
pyrazolone-3-carbonylhydrazine. 

Ethylic pyrazolone-3-carboxylate dissolves readily in potash and in 
ammonia ; its solution’ in water, after being neutralised with ammonia, 
yields, with silver nitrate, a white precipitate; this is washed with 
water and dried at 100°. Analysis of the silver compound proves it 
to have the formula C,H,Ag.N,.0;. 


0°3810 left on ignition 0°2218 Ag. Ag = 5821. 
C.H,Ag,N,0; requires Ag = 58°38 per cent. 


The hydrolysis of the ethereal salt is brought about by boiling its 
solution in potash, and is complete after two hours’ heating. On 
addition of an excess of hydrochloric acid to the alkaline liquid, the 
pyrazolonecarboxylic acid is thrown down; this dissolves in boiling 
water, and, on cooling, separates in microscopic plates. On account 
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of the difficulty with which the acid dissolves in water, there is no 
danger of its becoming contaminated with inorganic matter, as 
v. Rothenburg (Joc. cit.) states to be the case if potash is used as the 
hydrolytic agent. The acid, prepared according to the above direc- 
tions, burns away without leaving a trace of ash, and, on analysis, 
gives numbers closely agreeing with the formula C,H,N,.0. 


02238 gave 0°3062 CO, and 0:0658 H,O. C = 37:31; H = 3:26. 
02386 ,, 46c.c. moist nitrogen at 25° and 765 mm. N = 21°64. 
C,H,N,O; requires C = 37°50; H = 3°36; N = 21°87 per cent. 
The acid does not melt, but begins to decompose at about 260°; its 
aqueous solution becomes violet on addition of ferric chloride. 


Action of Phenylhydrazine on Ethylic Chlorofumarate. 


Whilst the interaction of hydrazine bydrate and ethylic chloro- 
fumarate is accompanied with development of heat, no perceptible 
change takes place on mixing the ethereal salt with phenylhydrazine, 
and, even on allowing the mixture to stand at the ordinary tem- 
perature for several days only a small quantity of phenylhydrazine 
hydrochloride separates. Reaction, however, takes place more 
readily on heating the mixture on the water bath for a few hours. 
The product is then allowed to cool, and, after addition of ether, the 
hydrochloride of phenylhydrazine is filtered off. On removal of the 
ether, an oil remains which does not solidify, but, when heated in an 
oil bath at 170°, yields, in addition to a resin, a sparingly soluble, 
trystalline substance. Their separation may be effected by digesting 
with alcohol, which dissolves the resin, leaving the white solid 
behind. This is soluble with difficulty in boiling glacial acetic acid, 
and, on cooling, separates in colourless needles which melt and 
decompose at 272°. 

Analysis of this substance gave numbers corresponding with the 
formula C,,H..N,0O,. 


02068 gave 0°4706 CO, and 0:0936 H,O. C = 62:06; H = 5-02. 
02226 ,, 0°5078 » 01024 ,, C = 62:19; H = 511. 
O'1266 ,, 14 c.c. moist nitrogen at 24° and 758 mm. N = 12°36. 
Cy4H»,N,O, requires C = 62°33; H = 4°76; N =: 12°12 per cent. 
The compound dissolves in potash and in ammonia, forming yel- 
low solutions ; the ammoniacal solution, on addition of silver nitrate, 
yields a precipitate which darkens on warming. The product gives 
the pyrazole-blue reaction with ferric chloride, bromine water, or 
potassium nitrite. The reagents are to be added carefully to the 
substance suspended in acetic acid, as au excess of the reagent 
destroys the colour. These properties characterise the compound as 
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a pyrazolone derivative, and it is to be looked upon as the ethereal 
salt of bis-phenylpyrazolonecarboxylic acid, 
CO0C,H;-C—CH——CH-C-COOC,H, 
N Co CO N 
\Z 4 
N-C.H; N:C.H; 

The formation of this ethereal salt may be interpreted by assuming 
that at first partial transformation of ethylic chlorofumarate into 
ethylic phenylhydrazofumarate takes place, which then, under the 
oxidising influence of phenylhydrazine, suffers a condensation to the 
bis-pyrazolone compound. Ethylic phenylpyrazolone-3-carboxylate, 
which W. Wislicenus (Annalen, 1888, 246, 320) obtained from 
ethylic oxalacetate, might have been expected to be formed, but 
could not be isolated. 

I must express my thanks to Dr. Wolf, of Mc.Gill University, for 
help afforded me in the course of the above experiments. 


Gonville and Caius College, 
Cambridge. 


XCI.—Studies of the Terpenes and allied Compounds. 
Note on Ketopinic acid—a product of the Oxidation 
of the solid Hydrichloride (Chlorocamphydrene) 
prepared from Pinene. 

By Henry E. Armstrone. 


NorwitHsTaNDING the amount of attention lavished on the study of 
the terpenes and allied compounds, we are still unaware of the genetic 
connection subsisting among the greater number; in fact, it can 
scarcely be definitely asserted of any one of them that we know its 
constitution : the arguments made use of too often involve assump- 
tions, the acceptance of which requires an excess of credulity not 
easily exercised. 

The protean transformations to which they give rise are truly re- 
markable ; in no other group is such extraordinary plasticity notice- 
able; but this fecundity is a source of perplexity, and, in a measure, 
the bane of progress, however gratifying to the vanity of the worker 
anxious to associate his name with the preparation of new 
compounds. 

The group is apparently one altogether peculiar in type, and the 
difficulty of arriving at final decisions is greatly enhanced by the 
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fact that hitherto our studies have been entirely analytical; syn- 
thetical observations calculated to give fixity to our opinions are sorely 
needed. But in ultimately solving the problems which the terpenes 
and their congeners present, we shall undoubtedly enormously in- 
crease our knowledge of chemical processes, and more especially of a 
class of operations of great biological significance; hence the import- 
ance of not relaxing our efforts. 

Among the many interesting educts to which terpenes give rise, 
perhaps the most striking of all is the solid hydrichloride obtained 
by the interaction of terebenthene or pinene and hydrogen chloride ; 
its extreme stability especially is very remarkable when the readi- 
ness with which it is produced is taken into account. Although 
prepared directly from pinene, it is open to question whether it be 
an immediate derivative of that hydrocarbon; indeed, its properties 
are such as clearly to suggest that it is related more closely to cam- 
phene than to pinene, In any case, we are not at present justified 
in terming it pinene hydrochloride, and as it is obviously closely 
related to the saturated camphene-like hydrocarbon, C,H, into 
which it is converted by the action of sodium, which may conveniently 
be termed camphydrene, I propose to speak of it provisionally as 
chlorocamphydrene. 

It is very noteworthy, as I have pointed out in a recent note in 
the Proceedings (1896, 161, 44) on the relation of pinene to 
citrene, that whereas chlorocamphydrene is highly active, the dibro- 
mide and nitrosochloride prepared from pinene are both optically in- 
active. Such differences in optical characters are deserving of 
greater consideration than they have hitherto received if, as there is 
every reason to suppose is the case, inversion of optical activity can 
only be conditioned by the occurrence of change immediately within 
the sphere of activity of an asymmetric carbon atom. It is, in fact, 
probable for this reason that the dibromide and nitrosochloride are 
not mere products of the addition of Br, or NOCI respectively to 
pinene, and that their formation involves a change in which the 
asymmetric carbon atom in pinene is involved. 

To repeat what I said in the note in question— 

“Tt is to be remembered that the carbon atoms which are connected by an ethe- 
noid linkage in pinene cannot be the origin of its optical activity, and that, what- 
ever it may be, its formula must be one containing at least one asymmetric carbon 
atom. But, this being the case, it is difficult to understand how the addition 
either of bromine or of nitrosyl chloride can give rise to optically inactive products 
capable of affording an inactive pinene; the occurrence of “ racematisation” in 
such a case would seem to indicate that the region in which the asymmetric carbon 
is situated also becomes affected, although, apparently, but temporarily : i.e., what- 
ever be the change, it is subsequently reversed—even when pinene is converted into 
the nitrosochloride. Jf we cannot accept this conclusion, we must admit that 
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the formule hitherto attributed to pinene are all unsatisfactory expressions to a 
far greater extent than we have ever supposed. The difficulty, it may be added, is 
greater in the case of such a formula as Tiemann’s—as this contains two asymmetric 
carbons—than in the case of those proposed by v. Baeyer, or by the writer.* 

“ A similar argument is applicable in the case of camphor. If the argument of 
the following note (reproduced below)+ be admitted, the production of an inactive 


* The possibility of pinene being a trimethylene derivative was considered in the 
note in question ; the formula given by way of illustration—as the simplest ex- 
pression of such a view—was the following. 


H,C—CH, 
ee 


{7 “ The Conditions involved in the occurrence of Inversion in the case of Asym- 
metric Optically Active Compounds.—Having formed the opinion that the changes 
which attend the production of what are supposed to be pinene derivatives merit 
much closer attention, the writer has been led to carefully consider Walden’s 
recent very remarkable observations on the formation from each of the two active 
malic acids by means of phosphorus pentachloride or bromide of an oppositely 
active chloro- or bromo-succinie acid, from each of which in turn a malic acid of 
its own order of activity may be obtained (Ber., 1896, 133). It does not appear 
difficult to explain these results without any modification of our current theory, 
and attention is now called to considerations which, perhaps, may prove to be of 
importance in discussions of the behaviour, and of other questions relating to, 
asymmetric compounds. 

“When optical inversion is effected by hydrolytic agents, in the case of either an 
aldose or a ketose or acid, it is probable that, in the first instance, the keto-group 
becomes hydrated, and that either an ‘aldehydrol,” CH(OH),, or a ‘ ketohydrol,’ 
C(OH)., or an ‘acidhydrol,’ C(OH);, is produced. When water is withdrawn 
from such compounds, if the water be formed from an OH group of the hydrol 
eomplex and a hydrogen atom attached to the carbon contiguous to that of the 
hydrol complex, an ethenoid derivative will be formed, thus 

CH:OH CH-OH COOH 
+ OH, = | = II + 
60-0H C(OH),; C(OH), 

“On hydration, according as hydration takes place at the one or the other junc- 
tion of the ethenoid linkage, such a compound will afford one or the other of the 
two possible asymmetric forms ; and if, as in the case of tartaricacid, the compound 
be symmetrical, it is to be expected that the two forms will be produced in equal 
proportions. But if an unsymmetrical compound be thus changed, such as a 
hexose or an acid like gluconic acid, it is to be expected that the severance will 
take place to a greater extent at one of the two junctions, and in some cases, per- 
haps, only at one. The striking results recently obtained by Lobry de Bruyn, and 
all KE. Fischer’s observations, are in accordance with this view, which, in fact, is the 
generally accepted one. 

“When malic acid is acted on by, say, phosphorus pentachloride, probably the 
¢ampholide on reduction of camphoric anhydride (Haller, C. R., 1696, 295) may, 

562 
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in fact, be regarded not only as a proof that the CO group undergoing reduction is 
connected with a hydrogenised asymmetric carbon atom, but also as evidence of the 
presence of but a single asymmetric carbon in camphor.” 

Taking the evidence afforded by optical characters into account, 
the argument here used would justify the conclusion that the hydri- 
chloride rather than either the dibromide or the nitrosochloride is an 
immediate derivative of pinene ; and yet, apparently, the two last are 
alone reconvertible into pinene. 

Attempts that I have made from time to time to obtain derivatives 
from chlorocamphydrene have always been failures. Many years ago 
I succeeded in oxidising it by prolonged digestion with dilute nitric 
acid, but the results were unsatisfactory both as regards quality and 
quantity of product; owing to the difficulty of securing contact be- 
tween the acid and the chloride, the action took place with extreme 
slowness, and it was impossible to prevent further oxidation of the 
immediate product. It is noteworthy, however, that a minute quan- 
tity of camphoric acid was obtained in these experiments—a fact 
which was referred to under camphoric acid in the 1880 edition of 
the organic part of Miller’s Chemistry, prepared by Mr. Groves and 
myself.* 


first action to occur is one involving the formation of a chlorophosphonium com- 
pound, thus 


a ob a b 
(1) CH-OH + PCI, = CH-OPCI, + HCl. 


“The next stage in the change may be assumed to be one involving ‘internal 
condensation.’ 
b 


a b Oo 
(2) CH-OPCL =C< ij + HCL. 
PC); 
a 
“Supposing that this compound be then acted on by hydrogen chloride and 
resolved into chlorosuccinic acid and phosphorus oxychloride, if the attack became 
directed by the phosphorus, so that the chlorine took up the position of the phos- 
phorus, complete inversion would be effected.t 


4 


ab 
(3) oc! bo + HCl = CCIH + POCl» 


“Tt will be obvious that such an explanation may be of general application, 
especially in connection with the exclusive production, under natural conditions, of 
a single asymmetric form.” 

* “Dextrocamphene from the monohydrochloride from American turpentine 
yields a dextrorotatory camphoric acid having similar properties, which apparently 
is also produced on directly oxidising the monohydrochloride prepared from 
American turpentine with nitric acid (Armstrong).” 


t The result would be the same if the oxygen exercised the orienting effect, as the hydrogen would 
thereby be brought into position b. 
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The discovery that the very strongest nitric acid could be used 
with advantage in oxidising dibromocamphor made in my laboratory 
by Dr. Forster, induced me again to attempt the oxidation of chloro- 
camphydrene, substituting such acid—in which it readily dissolves— 
for the diluted acid previously used. Experiments made at my sugges- 
tion by two of my students, Messrs. W. S. Gilles and F. F. Renwick, 
have been rewarded with success, and have led to the discovery of a 
remarkable acid, which apparently has not been previously obtained ; 
as it exhibits ketonic functions, and is indirectly derived from pinene, 
it is proposed to term it ketopinic acid. 

Messrs. Gilles and Renwick find that great care must be exercised 
in effecting the oxidation, as if the temperature be allowed to rise to 
30° or 40°, only oxalic acid is produced, whilst if it fall to 17° or 18°, 
the action does not take place; the hydrichloride should be added 
(1 part) to the acid (5 parts) at such arate that the acid is main- 
tained at a temperature as near to 20° as possible. After 48 hours the 
acid solution is poured into several times its bulk of water, and the 
liquid is afterwards neutralised with chalk sludge. 

The separation of the acid is facilitated by the fact that it forms a 
sparingly soluble calcium salt the solubility of which is not increased 
by heating; consequently, on evaporating the solution, the salt sepa- 
rates first along with some calcium nitrate, which is removed by 
digesting the crude salt with dehydrated spirit. The acid may be 
obtained by adding the calculated quantity of oxalic acid to a solu- 
tion of the calcium salt, and subsequently concentrating the liquid ; 
it separates as an oil, which solidifies on cooling. The amount 
obtained is equal in weight to about 10--15 per cent. of the hydri- 
chloride used. 

Ketopinic acid crystallises from water in colourless plates melting 
at 234° (uncorr.); but, in contact with water, it melts below 100°. 
Although sparingly soluble in water and light petroleum, it is very 
soluble in alcohol, benzene, chloroform, ether and ethylic acetate, 
and crystallises well from the last mentioned of these. It is opti- 
cally inactive even when prepared from the most highly active 
hydrichloride. 

The methylic salt is very soluble in all ordinary solvents except 
water ; when purified by distillation, it forms a colourless mass melting 
at 28°. 

The baric and calcic salts, which are sparingly soluble in water and 
insoluble in alcohol, separate in white needles on evaporating their 
aqueous solutions. 

On digesting a solution of the acid in acetic acid with phenyl- 
hydrazine, a liydrazone was obtained, which, after recrystallisation 
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from acetic acid, fused sharply at 146°; it was soluble in a solution 
of sodic carbonate. 

The corresponding hydroxime was obtained by warming a solution 
of the acid in a slight excess of caustic soda with hydroxylamine 
hydrochloride. This was almost insoluble in water and light petr- 
oleum, but readily soluble in alcohol, acetic acid, chloroform and 
ethylic acetate. It fused at 216°. 

Bromine was without: action on the acid. 

The analyses which have been made of the acid and its educts 
justify the formula C,.H,Os;, thus 


Found. Calculated. 

eee C 65°97, 65°96, 65°90, 65°70 65°93 

H 7°72, 748, 88, 813 7°69 
Methylic salt... C 67°17, 67:06, 67°29 67°35 

H 8°41, 8°44, 820 8:16 
Baric salt ..... Ba 27°4 27°4 
Calcic salt .... H,O 3°6 lmol. 43 

Ca 9°90 9°95 
Hydrazone.... N 10°40 10°30 
Hydroxime.... N 766, 7°41 711 


It is proposed to fully investigate ketopinic acid, and to apply the 
method used in its production to other derivatives of terpenes, &c., 
containing halogens; experiments made with pinene nitrosochloride 
have hitherto been unsuccessful. 


Chemical Department, 
Central Technical College, 
City and Guilds of London Institute. 


LOTHAR MEYER MEMORIAL LECTURE. 
By P. Puuuurrs Benson, M.A., D.Sce., F.I.C. 


WE meet this evening at the invitation of the Council of this Society 
to contemplate the life and work of a man who, little more than a 
year ago, passed away after a sudden and painless attack, and thus 
would we pay our homage to the memory of one who has in so great 
a variety of ways contributed to the advancement of the science, the 
fostering and promotion of which we all have at heart. 

The chronicles of the life of a man of science are usually of a 
simple character, presenting to all, save those who either enjoyed his 
personal friendship or have a special interest in the scientific work of 
the individual, little of apparent note. But for us, as Fellows of a 
Society which has lost one of its most distinguished members, and to 
many of whom he stood as friend and fellow student, and to the 
majority as guide and instructor in the fundamental theories and 
facts of our science, no one item of the chronicle of the life of Lothar 
Meyer can fail to be of interest. 

Julius Lothar Meyer was born on the 19th of August, 1830, at 
Varel on the Jade, in the Grand Duchy of Oldenburg. His father, 
Dr. Friedrich August Meyer, was in practice as a medical man in that 
town; and his mother, Frau Anna Sophie Wilhelmine, née Biermann, 
also a native of this same place, was the daughter of a medical man 
who, during his lifetime, was highly respected and esteemed, and 
whose memory was cherished in Varel for many years after his 
death. Lothar Meyer’s mother was an only child, the constant 
companion of her father, and imbibed from him a love for the pro- 
fession, which enabled her not only to enter fully and sympathetically 
into the labours of her husband, but often—despite her feeble health 
—to lend assistance in surgical operations. These facts, together 
with the respected position which their father held, readily explain 
how Lothar and his brother, Professor Oskar Emil Meyer, should, at 
the outset of their careers, have decided to follow medicine as their 
life’s profession. But, fortunately for science, this decision was not 
carried to its ultimate issue; by one brother, medicine was forsaken 
for chemistry, and by the other for the sister science of physics. 

Lothar Meyer’s early education was received at a small private 
school, and from thence he passed to the recently founded “ Birger- 
schule,” in Varel, at which he remained until his fourteenth year, 
receiving, meanwhile, private instruction in Latin, Greek, and the 
modern languages. His rapid growth and consequent delicate health 
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necessitated the discontinuance of school work for a time, and his 
father placed him as a pupil under the chief gardener at the summer 
palace of the Grand Duke of Oldenburg, at Rastede. 

The healthy occupation and the new surroundings soon ‘served to 
restore the bodily health of the young Lothar, who also gained that 
love of nature and taste for gardening which remained a source of 
enjoyment and recreation to the end of his life. After a year’s sojourn 
at Rastede, Meyer was sufficiently recovered to be able to resume his 
studies and to enter the Gymnasium at Oldenburg, at which school 
he remained until Easter of 1851, when he obtained the “ Zeugniss 
der Reife.” 

In the summer session of 1851, Lothar Meyer commenced the study 
of medicine in the University of Ziirich, where Frey was Professor 
of Anatomy and Ludwig directed the study of Physiology. From 
Ziirich, in 1853, he went to Wiirzburg, where the lectures of Virchow 
on Pathology appear to have been especially attractive to the then 


student of medicine, who threw his energies completely into the 


work, industriously visiting the infirmary and actively discharging 
his duties as a student in the practice of medicine. On the 25th of 


February, 1854, after a year’s residence in Wirzburg, Lothar Meyer 


graduated as Doctor of Medicine. 

Notwithstanding the zeal displayed in the prosecution of his studies, 
ere the course was completed, doubts arose in the mind of Meyer as to 
the wisdom of his decision to make the practice of medicine his vuca- 
tion. The attraction experienced for the more scientific side of the 
study gradually asserted itself, and it was only his modest estimate of 
his own talents which prevented him arriving at an independent 
decision. In his doubts as to whether he were able to advance 
science by his own investigations, Meyer turned to his former teacher, 
Professor Ludwig, asking for advice on this question. To Meyer’s 
application the reply came with no uncertain sound, Ludwig advising 
Lothar Meyer to put aside all doubts, and to embrace the calling 
which could alone be congenial to him. The decision arrived at in 
the summer of 1853, to devote himself to the study of physiological 
chemistry, was the immediate consequence of the advice of the 
teacher ; and in the following spring, when his medical studies had 
been completed and the examination for the Doctor’s Degree had 
been passed, Lothar Meyer turned his steps to Heidelberg to study 
chemistry under Bunsen, and to complete the working out of his 


dissertation. This latter occapied Meyer’s energies until the autumn 


of 1856, by which time the investigation on the “ Gases of the Blood ” 


was published and forwarded to the Medical Faculty of Wiirzburg, 


by whom it was accepted as inaugural dissertation fer the Doctor’s 
Degree. 
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The years spent at Heidelberg were times of great moment, and 
their influence is to be distinctly traced in the subsequent work of his 
life. Many are there in the foremost ranks of the Fellows of this 
Society who, like Lothar Meyer, cherish the fondest recollection of 
the genial influence of their teacher, Robert Bunsen, whose reputa- 
tion for so many years attracted students of chemistry from all parts 
of the world to Heidelberg. Wherein the attraction lay, those of us 
who have not been so privileged can only guess ; assuredly it was not 
to be found in a laboratory equipped with all our modern appliances, 
which do so much to ease the work of a student and so little to 
develop his resourcefulness; but rather in the results, which cast a 
halo round the meagre tools with which so many of the all-important 
discoveries in our science have been made, and make these the 
desperation of our modern refinements. A description of Gmelin’s 
laboratory in the cloisters of the old monastery at Heidelberg, in 
which Meyer worked for a year side by side with one of our past 
Presidents, Sir Henry Roscoe, who has so successfully transplanted 
much of the Bunsen enthusiasm and methods to this country with 
inestimable benefit, might serve to rouse feelings of doubt and astonish- 
ment in the minds of the present day student at the possibility of 
doing efficient work, where combustions were made with charcoal as 
fuel, and other heating operations performed with Berzelius’s spirit 
lamp; it may, perhaps, serve to heighten their appreciation of the 
skill and ability of those who, by the use of such appliances, could 
obtain results of which we have so excellent an example in Lothar 
Meyer's classical investigation of the ‘‘ Gases of the Blood.” 

During Meyer’s Heidelberg “ Studienzeit” the new laboratory was 
opened, with gas and water laid on to all the benches, and the spirit 
lamp replaced by the Bunsen burner. What these altered conditions 
of work meant to Meyer and his fellow students it is difficult for 
many of us to fully realise. The recollection of the Heidelberg days 
was ever a source of pleasure and delight to Meyer, who frequently re- 
ferred to his “* hoch verehrter Lehrer,” to whom he dedicated what must 
be regarded as his magnum opus—Die Modernen Theorien der Chemie ; 
nor did Meyer, in recalling the past, forget to remind his hearers of 
his fellow students, with many of whom he formed life-long friendships. 
The names of these fellow students include many whose names are 
honourably associated with the growth and extension of the science 
of Chemistry during the past 40 years, as the following list attests :— 
Roscoe, Russell, Atkinson, Baeyer, Beilstein, Barth, Landolt, Lieben, 
Meidinger, Pebal, Quincke, and Schischkow. Nor should it be for- 
gotten that at this time there worked at Heidelberg, in the capacity 
of Privat-Docent, August Kekulé, to whom we owe the recognition 
of the tetravalency of carbon and the theoretical elucidation of the 
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constitution of benzene and of the aromatic compounds, theories 
which have so materially contributed to the advancement of organic 
chemistry during the past 30 years. 

During the years spent at Heidelberg, the separation from medi- 
cine gradually became more pronounced, and the final step drew 
nearer. Whilst at the University of Heidelberg, Meyer attended 
Kirchhoff’s lectures, and thus gained an introduction and insight 
into the mathematical treatment of scientific questions. The decisive 
blow was struck, the election made, when Lothar Meyer, in company 
with his friend, Pebal, and in answer to his brother’s entreaty, tur ned 
his steps to Kénigsberg—there to devote himself to the study of 
mathematical physics under the direction of Professor Franz Neu- 
mann. From that moment, to quote the words of Professor Oskar 
Emil Meyer, “war die Richtwng entschieden, in der Lothar’s Forscher - 
geist in Zukunft thitig sein sollte, er war fiir die physikalische Chemie 
gewonnen.” 

During the year and a half spent at K6nigsberg Meyer prosecuted 
an investigation on the action of carbon monoxide on the blood, 
which, in the spring of 1858, was presented to the Faculty of Philo- 
sophy in Breslau as dissertation, with the title De Sanguine Oxydo 
Carbonico infecto, for which he obtained in July of the same year the 
degree of Doctor of Philosophy. In the February of the following 
year, Lothar Meyer established himself as Privat-Docent in Physics 
and Chemistry in the University of Breslau, presenting for this pur- 
pose a brochure on the ‘‘ Chemical Teachings of. Berthollet and of 
Berzelius,” and selecting for his inaugural lecture the subject of the 
“so-called Volumetric Methods of Chemistry.” At the outset, Meyer 
undertook the direction of the chemical laboratory attached to the 
Physiological Institution, and during his residence in Breslau, 
delivered several courses of lectures on various branches of chemistry 
applied to physiology, and conducted tutorial classes in both Inorganic 
and Organic Chemistry. 

In Professor Seubert’s account of the life and work of his highly 
esteemed and honoured teacher, to which, as also to the writer, I 
would wish to express my indebtedness for much of the information 
embodied in this lecture, there is reproduced a letter from the 
Curator of the University, Ober-Prasident von Schleinitz, which 
shows how completely and unselfishly Meyer threw himself into his 
new sphere of work; not contenting himself with unstinted devotion 
of time and energy, he unsparingly and liberally dispensed much of 
his worldly goods for the benefit of the Institute. Thisis all the more 
worthy of note, seeing that Lothar Meyer himself was not by any 
means a rich man, and the legacy he inherited from his father, who 
died a year before Meyer began his university studies, had already 
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been materially diminished to supply the “needful” during the 
“ Lehr- und Wanderjahren.” 

In the winter of 1859 one of the Heidelberg group of friends, 
Beilstein, whose name is a household word amongst chemists, came to 
Breslau in the capacity of Assistant to Professor Léwig, and in 1864 
Lothar Meyer was joined by his brother, Oskar Emil Meyer, who 
became Professor Extraordinary in Mathematics and Mathematical 
Physics, to succeed in 1867 to the position of Professor, which he still 
occupies. 

It was during the residence at Breslau that the Modernen Theorien 
der Chemie was written, as Meyer himself tells us in his preface to 
the fourth edition, “with the desire and hope that its publication 
might contribute to the removal of doubts and uncertainties, so 
frequently expressed at that time, as to the character of the views 
and theories then contending for supremacy in chemistry.” ‘And at 
the same time to give to others interested in the science an account 
such as would lead to an understanding of the change through which 
the system of chemistry had just passed.” 

The book was written in 1862, but not published until 1864; it 
attracted considerable attention at the time, and has materially con- 
tributed to spread the fame of Lothar Meyer in all parts of the 
scientific world. 

Two years after the publication of this work, Meyer received an 
invitation to become a teacher in the School of Forestry at Neustadt- 
Eberswalde, with the understanding that, should circumstances 
allow, he should receive a Professorship. The invitation was 
accepted, and in October, 1866, after seven years’ activity in Breslau, 
Lothar Meyer began the duties of his new position. The post can 
scarcely be regarded as an ideal one for a specialist, and the descrip- 
tion given in the invitation cannot be considered as altogether 
encouraging to one of Meyer’s tendencies, as indicated by his pub- 
lished works. He was here required to teach the whole of inorganic 
natural science, more especially mineralogy, chemistry, and physics, 
and also to undertake the direction of the study of botany. 

Before settling at Eberswalde, Meyer married on the 16th August, 
1866, Johanna Volkmann, a relative of the famous surgeon, Volk- 
mann. Frau Meyer, to whom I am indebted for directing my atten- 
tion to several important facts in her husband’s career, still survives, 
together with their four children. 

The two years spent at Eberswalde do not appear to have afforded 
many opportunities for the development of his ability as an investi- 
gator, and Meyer cannot long have hesitated as to the manner of the 
reply he should make to the invitation received in February, 1868, 
to become the successor of Weltzein at the Carlsruhe Polytechnicum 
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the duties of which Professorship he took over in the autumn of this 
same year. 

Shortly after the settlement at Carlsruhe came an invitation to the 
Professorship at Konigsberg in Prussia, which was declined chiefly 
on the grounds of geographical position and doubts as to the suit- 
ability of the climate—a decision the more readily made as the 
Government undertook, in accordance with the wishes expressed, to 
provide a residence for the Professor nearer to the Polytechnicum 
than the one he occupied. The necessity for the change was shown 
when, in the autumn of 1874, Meyer failed in health to such an 
extent as to necessitate him relinquishing his duties for the entire 
winter session, 1874—1875. 

The “even tenour” of the days at Carlsruhe was also interrupted 
by the outbreak of hostilities between France and Germany, and tire 
Polytechnicum.was transformed into a hospital for the reception of 
the wounded. Reviving his medical studies, the professor of chem- 
istry became the active and zealous surgeon. In recognition of these 
services, Meyer received, at the conclusion of the war, the medal for 
non-combatants and the “ Hrinnerungs-Zeichen fiir Hiilfsthitigkeit im 
Kriege.”’ By these rewards for services rendered to his country in 
its hour of need Meyer, throughout his life, set more than special 
store. 

During the residence in Carlsruhe, which extended over some eight 
years, an attachment to the place had been gradually formed, and the 
worth of the man had made itself felt throughout the widest circles 
of its life. Still the call to fill the Chair of Chemistry in the Uni- 
versity of Tiibingen, in succession to Fittig, who had been promoted 
to Strasburg, was one which could not be resisted, offering as it did 
a freer and more congenial field of labour than that afforded by the 
necessarily more restricted teaching of the Polytechnicum. Thus, in 
the spring of 1876, Lothar Meyer became university professor, and 
for him then began the most productive period of his life. Many 
investigations commenced in the earlier days and discontinued by 
reason of unfavourable conditions, were again resumed and brought 
to a final issue. The name of the Professor served to attract 
students to the, laboratories at Tibingen, and amongst these were to 
be found representatives of many lands who, in Lothar Meyer, found 
not only the man of learning, the conscientious, painstaking and 
inspiring teacher, and all that his fame would entitle them to expect, 
but also one desirous and ready to be their friend. 

His pupil, and for many years assistant and colleague, Professor 
Seubert, has given in the Memoir recently published by the German 
Chemical Society of Berlin, a sketch of the daily life at Tiibingen, 
which shows the high ideal Lothar Meyer had formed of the duties of 
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his position, and with what marked success that ideal was realised. 
From this portrayal we carry away with us the picture of a man 
endowed with gifts and high intellectual powers which entitle his 
name to a foremost position amongst the names of those who have 
been contributors to the scientific development of chemistry during 
the past 40 years. To these were added that modesty and simplicity 
of character, that love of truth and high sense of honour which 
secured the respect and appreciation of his colleagues, and inspired 
the goodwill of his fellow townsmen. 

The meeting of the British Association in Manchester in 1887, 
memorable as it was in many ways, was more than ordinarily so to 
chemists. The place of meeting was John Dalton’s adopted city, the 
President, Sir Henry E. Roscoe, the founder of the School of Chem- 
istry there, and to whose zeal and devotion Manchester is chiefly 
indebted for the erection of the pile of buildings in which the Asso- 
ciation was housed, and there—further to enhance the interest—were 
to be seen Meyer and Mendeléeff genially active in promoting the 
work of Section B, under the presidency of one of Liebig’s pupils, 
Dr. Schunck, whose investigations have greatly added to our stock 
of knowledge of alizarin, indigo, chlorophyll, and other vegetable 
colouring matters. I am reminded of one incident during the meeting 
which must have left an impression on the minds of all those present ; 
when, at the conclusion of Dr. Schunck’s address, there was a call for 
a speech from Mendeléef, he declined to make an attempt to address 
the section in English,.and simply rose in his place to bow his 
acknowledgments, an action followed by the rising of Meyer from 
his seat next to Mendeléeff, and who, as if to prevent any misconcep- 
tion, prefaced his speech with the declaration, “ I am not Mendeléeff,” 
a statement which may, perhaps, have disappointed some of his 
hearers, but the round of applause which greeted his further remark, 
“T am Lothar Meyer,” proved that the feeling, if it existed at all, 
was more than counterbalanced by the anticipation of the pleasure 
of listening to the words of one whose name will ever in the annals 
of our science be justly associated with that of the great Russian 
chemist. The applause which greeted this opening having subsided, 
Meyer, speaking in faultless English, asked permission to address the 
section in German, and then proceeded, on behalf of Mendeléeff and 
other foreign chemists present, to express the pleasure they had 
derived from listening to the Presidential address. 

For the academic year of 1894-95 Meyer had been elected to be the 
Rector of the University of Tiibingen, the exercise of the duties of 
which position had scarcely been relinquished when, on the evening 
of the 11th of April of last year, whilst busily engaged in his garden 
—a form of recreation in which Meyer from the days of his residence 
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at Rastede had continued to delight—he felt the symptoms of an 
approaching illness. Shortly after entering the house he became 
unconscious, and at 11 o’clock, six hours from the time of the first 
attack, Lothar Meyer passed quietly away, surrounded by those 
endeared to him by the highest of all worldly relationships. 

And whilst in the sudden death of Lothar Meyer we mourn the 
close of the life of a man in the full enjoyment of bodily vigour and 
of a ripened intellectual activity, whose lovable simplicity of 
character, whose honesty of purpose, whose breadth of sympathy had 
endeared him to a wide circle of life-long friends and colleagues, 
our sorrow is as great at the loss to science of one whose unremit- 
ting labours in so many of its branches have enriched it with incal- 
culable gain. 


Lothar Meyer’s scientific publications embrace a remarkable 
variety of subjects and display intellectual attainments which find 
him alike at home, whether in the devising of experiments for lecture 
illustration, the designing of apparatus to supply some want 
experienced in the laboratory, or needed for the conduct of the in- 
vestigations of physical constants, or in the extension of chemistry 
by literary labours and theoretical speculations. 

As I have already mentioned, Meyer’s first experimental investiga- 
tions belong to the domain of Physiological Chemistry, and of these 
the two most important are those concerned with the investigation 
of the chemistry of the blood. The first paper “On the Gases of the 
Blood,” was published in 1856, in the Zeitschrift fir Rationelle 
Medicin, and was undertaken with the object of elucidating the 
question of the conditions under which the gases exist in the blood. 
To solve, in fact, the question, then an open one, as to whether or no 
the gases are simply absorbed by the blood in quantities subservient 
to Dalton and Henry’s law, that is, in amounts determined by altera- 
tions in pressure. The paper, an abstract of which, from the pen of 
Sir Henry Roscoe, appeared in the Philosophical Magazine of 1857, 
contains a detailed description of the method and apparatus used, 
and the results of the analyses of the gases expelled by boiling 
measured yolumes of blood diluted with water free from air in a 
vacuous apparatus. The proportion of carbon dioxide existing in a 
state of combination was also determined by acidifying with a few 
crystals of tartaric acid the blood from which the gases had been pre- 
viously expelled. 

The absorption by defibrinated blood of oxygen, carbon dioxide, 
and nitrogen was also submitted toa carefully conducted quantita- 
tive investigation, and with the object of throwing further light upon 
this all-important subject, the behaviour of solutions of sodium car- 
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bonate towards carbon dioxide, and to this gas when mixed with 
others, for example, hydrogen, was examined. 

Meyer, by this investigation, placed the chemistry of the gases of 
the blood upon a firm experimental basis, proving that the views 
held at that time were not in accordance, but rather in direct opposi- 
tion to the facts brought to light by his experiments. Whereas, 
according to the older doctrines, the gases oxygen and nitrogen were 
simply absorbed by the blood, and chemical affinity was called in to 
explain the manner in which the blood takes up and gives off carbon 
dioxide, the reverse would appear to more nearly represent the facts. 
The greater portion of the oxygen taken up by the blood was proved 
by Meyer to be in amount independent of the pressure, and to exist 
in the blood in a state of loose combination with some one of its 
constituents. 

The assumption that in the tissues the carbonate of soda in the 
blood is converted into the bicarbonate, and that this compound 
gives up some of its carbon dioxide in the lungs, and thus again 
forms the carbonate, is shown to be essentially improbable. Such a 
series of chemical changes being entirely unnecessary, as the ab- 
sorption of the carbon dioxide and the liberation of this gas from the 
blood, find an all sufficient explanation in the laws regulating the 
absorption of gases by liquids. 

Marchand’s observation that no carbon dioxide is produced when 
oxygen is passed through defibrinated blood which has been pre- 
viously freed from its absorbed carbon dioxide, is confirmed by one of 
Meyer’s experiments, thus demonstrating the highly improbable 
nature of the bypothesis that carbon dioxide is produced by the im- 
mediate oxidising action of the oxygen in the blood. That the 
oxygen existing in the blood loosely combined with one of the blood 
constituents can easily pass into other and more stable modes of 
combination is demonstrated by an experiment made in the course of 
this investigation. 

It has already been mentioned that in determining the amount of 
the gases contained in the blood, the latter, after dilution with 
water free from air, was boiled and the gases so expelled, collected, 
measured, and analysed, The proportion of combined carbon dioxide 
was ascertained by adding crystals of tartaric acid to the diluted 
blood which had been previously boiled, and the gas liberated by the 
acid was collected and its volume measured. Meyer observed that if 
the acid be added before the gases are removed, the bulk of the 
oxygen is not driven off by boiling, a fact abundantly proved by 
experiments specially made to test the truth of this observation, 
and shown in the following tabulated results of the analyses of the 
gases obtained from two samples of blood taken in quick succession, 
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(1) after treatment of the diluted blood at once with tartaric acid, 
(2) after the ordinary method of extraction. 


Volume of Gases, at 0° and 760 mm. pressure, obtained from 100 


Volwmes of Blood. 

I. II. 
es Peer ee ooe Se 18°42 
Nitrogen: ....cccccceee o-- 2°94 4°55 
Free carbon dioxide...... os — 5°28 
Combined carbon dioxide... — 20°97 
Total carbon dioxide ....... 27:10 26 25 


This observation, demonstrating as it does that the loosely held 
oxygen readily enters into more stable combination with some con- 
stituent of the blood, shows clearly also that this oxidising action is 
not likely to occur in the blood vessels themselves, by reason of the 
alkalinity of the blood itself; but in the tissues, some of which are 
known to contain free acid, conditions favourable to such changes 
may frequently occur. 

The conclusions drawn by Meyer from this investigation form the 
teaching accepted at the present day, and are summarised at the 
close of the paper in the following words :— 

“ Das Blut tragt in seiner eigenen Zusammensetzung den Regulator 
fiir die Aufnahme dieses wesentlichsten Lebensmittels. Unabhdingiy 
vom wechselnden Drucke der Atmosphére, zieht das Blut in den Lung en 
den Sauerstoff in richtigen Verhdltnisse an, um thn den Organen zu 
zubringen. Nur eine Verinderung des Blutes selbst bedingt eine erhebliche 
Verinderung der aufgenommenen Quantitat : jele Blutentziehung wird 
daher zu einer Sauerstoffentziehungq.” 

This first publication of Lothar Meyer’s, whether it be regarded 
from the stand-point of the skill displayed in devising means to 
solve the problem in question and in carrying out the experimental 
work with care and exactitude, or from the attractive manner in 
which the results of the investigation are described and the careful 
consideration of the conclusions which the results appear to warrant, 
is justly entitled to a position amongst the classics of science. 

Our knowledge concerning the “gases of the blood” received a 
further extension by the results obtained in the examination of the 
action of carbon monoxide on the blood. The results of this enquiry 
show that this gas is taken up by the blood under conditions similar to 
these regulating the behaviour of the latter towards oxygen: entering 
like oxygen into a loose state of combination with some constityent 
of the blood, and capable of expelling and replacing volume for 
volume the oxygen existing in combination with this substance. 
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Facts which offer a simple explanation of the poisonous action of 
carbon monoxide. Preliminary experiments made to discover the 
naiure of the constituent of the blood which exercises this attrac- 
tion for oxygen and carbon monoxide were, owing to the interruption 
of the investigation, never brought to a successful issue. Some 
seven years after the publication of this paper, Hoppe-Seyler suc- 
ceeded in isolating this constituent of the blood, which he named 
Hemoglobin ( Virchow’s Arvhiv, 1864, 29, 233). 

Whilst at Breslau, Meyer published an account of a complete 
examination of the waters from the springs at Landeck, in Prussian 
Silesia, papers having more than local interest. They contain a 
description of a method for estimating the carbon dioxide in natural 
waters dependent on the removal of the gases by means of a 
mercurial air-pump, instead of expelling them by boiling, and 
further attention is directed to the large proportion of nitrogen gas 
held in solution by the waters from these springs. This last men- 
tioned fact is more than ordinarily suggestive at the present time in 
the light of the brilliant discoveries of Lord Rayleigh and Professor 
Ramsay. 

It was during this period also that in conjunction with Heiden- 
hain an investigation was undertaken on the absorption of carbon 
dioxide by aqueous solutions of neutral sodium phosphate in order to 
determine the question at issue between Pagenstecher’s statement 
(1840), afterwards confirmed independently by Marchand (1843), 
and Liebig (1847), and the experimental results of Fernet (1858). 
Meyer and Heidenhain were successful in refating the conclusions 
of the last named investigator and placed the subject in a clear 
light, explaining the production of the sodium bicarbonate in this 
instance as a mass action in terms of the teachings of Berthollet. 

These investigations belong to the early period of Meyer’s experi- 
mental work, which, until he became Professor at Carlsruhe, and 
finally passed to the still more congenial surroundings and duties 
of a University Professorship at Tiibingen; were conducted under not 
altogether favourable circumstances. 

Whilst at Carlsruhe and Tiibingen, Meyer’s powers as an inves- 
tigator are shown in a long series of publications, dealing with ques- 
tions pertaining to inorganic, organic, and general chemistry. 

Instead, however, of attempting to discuss the individual com- 
munications, it will undoubtedly be more worthy of and befitting 
the occasion upon which we are met if I direct attention to those 
investigations and speculations which have exercised no unimportant 
influence in chemistry during the past 30 years. 

Amongst these we have in the first place to consider the part Lothar 
Meyer took in the development of the great generalisation known 
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under the name of the “ Periodic Law,” or the ‘“ Natural System of 
the Chemical Elements.” - One of his last literary tasks was the 
editing for publication in the series of Classical Papers, published 
under the direction of Professor Ostwald, the papers of Débereiner 
and von Pettenkofer dealing with the relationships exhibited by the 
atomic weights of the elements and their physical and chemical 
properties. In an appendix to these papers, and in the explanatory 
notes is given an account of the extension which the conception of 
Débereiner and von Pettenkofer received at the hands of Dumas, 
Gladstone, Cooke, Odling, and others. This subject, some 11 years 
ago, provided the material for a lecture delivered by Meyer at 
Plochingen (on January 25th, 1885), entitled ‘“‘ Veber die neuere 
Entwickelung der Atomlehre.” After reviewing the earlier attempts 
to discover relationships between the numerical values employed 
to represent the atomic weights of the elements, Meyer con- 
tinues :— 

‘** When at the commencement of 1860 I undertook the preparation 
of a work which should place before chemists and other men of 
science the most important of the laws relating to the atoms and 
their compounds, I soon discovered that by the adoption of the new 
atomic weights a much greater uniformity existed in the relation- 
ships between the numbers representing the atomic weights, than 
had hitherto been observed. At the same time there was shown a 
regular and continuous change in the valency of the elements from 
family to family, when the families are arranged in the order of the 
atomic weights of their members. I drew up at that time the 
following Table I, and also directed attention to the fact that the 
first differences, with the exception in the case of beryllium the 
atomic weight of which was still uncertain, were approximately 16, 
the two following differences approximated to 46, and the last were 
very nearly double this, namely 87—90.” 

“These last two sets of differences are repeated in the groups in the 
following table II, in which the first members are wanting. 

“These groups were also arranged in the order of the atomic 
weights, with the exception of the last, which, because it consisted 
of ‘ members of uneven saturating capacities’ (‘ Siittiqgungs-capacitat ’), 
appeared to me somewhat doubtful. At the same time, I did not 
overlook the fact that these groups could be arranged to make one 
complete table by placing them to the left of those in Table I, and 
thus placing cadmium before tin, and mercury before lead. The 
attempt to arrange all the elements in a single table was not success- 
ful, inasmuch as certain erroneous atomic weights, namely, Mo = 92, 
V = 137, and Ta = 137°6, exhibited differences which led me to 
formulate the two groups contained in Table III, which groups 
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could not in any way consistently be brought into arrangement with 
the other elementary bodies.” 


Taste III. 


Tetravalent. Hexavalent. 


Difference ........ 


| 
| 
| 
Difference ...... | 
| 
| 


Such then in brief is Lothar Meyer’s own account of the inception 
of the classification of the elements, which finds a place in the first 
edition of the Modernen Theorien. The development of this subject 
in Meyer’s mind is shown in the sketch of a system of the elements, 
which, in manuscript form, Lothar Meyer handed, in July, 1868, to 
his successor in Eberswalde, Dr. Adolf Remelé (‘‘ Ostwald’s Classiker 
der exakten Wissenschaften, No. 68, Karl Seubert. Zur Geschichte 
des Periodischen Systems,” Zeit. anorg. Chem., 9, 334). 

This table, which is reproduced below (vide Table IV), bears 
undoubted evidence of having been prepared for a possible new 
edition of the Modernen Theorien. The mark § 91, which corre- 
sponds to the section in the first edition of the Modern Theories 
dealing with this subject, and the series of references given at the 
foot of the table both justify this conclusion. 

The table contains two elements, namely, chromium and alumi- 
nium, in addition to those contained in the three tables of groups, 
and in some particulars certain elements have been rearranged ; thus 
iron displaces nickel, the latter being placed by itself between cobalt 
and copper, whilst chromium occupies a similarly isolated position 
and that of aluminium remains doubtful. Meyer himself appears to 
have entirely overlooked the existence of this sketch until it was 
shown to him by Dr. A. Remelé in 1893, on the occasion of his 
lecture, delivered to the Chemical Society at Berlin. 

The redetermination of the atomic weights of niobium and tantalum 
by Marignac in 1865, and of vanadium by Roscoe in 1867, opened 
the way for further progress. 

In a comparatively short paper, dated from Carlsruhe, December, 
1869, and contributed to Liebig’s Annalen (Annalen, VII, Supplement- 
band 1870, 5, 354—364), Lothar Meyer showed his appreciation of 
the advantages the new atomic weights offered, and how with these 
new values some 56 elements including all those elements, save 


Taste LV. 


1 2. 3 
| | 
§ 91 | 
| | Al = 27°3 
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hydrogen—the atomic weights of which had been determined either 
by the aid of Avogadro’s law or the law of Dulong and Petit—could, 
together with the two elements beryllium and indium, be arranged 
in one table. 

In this table, reproduced in Table V, it will be noticed that, as in 
its predecessor, the members forming the families are arranged in a 
horizontal series; there are many gaps which, as Meyer points out, 
may be at some time occupied by those elements whose atomic 
weights had not yet been accurately determined, and possibly by 
others yet to be discovered. Further, attention is drawn to the 
fact that the elements in the vertical columns IV, VI, and VIIT 
exhibit many relationships, e.g., isomorphism in certain of their 
compounds to the elements in the horizontal series immediately 
above. For example, titanium is so related to silicon and tin, 
vanadium with phosphorus and arsenic, chromium with sulphur and 
selenium, manganese {with chlorine, copper and silver with gold, 
zinc with magnesium and ealcium. It is evident from this state- 
ment, and also from the table, that Meyer fully appreciated the 
relationships in the properties of these elements upon which is based 
the division of the groups of elements.into a main and a sub-group as 
in the system adopted at the present time, namely, the more com- 
pletely extended one of Mendeléeff. Of Mendeléeff’s work in the same 
direction, Lothar Meyer was as fully cognisant as the abstract of 
the communication of the former, “Ueber die Beziehungen der 
Higenschaften zu den Atomgewichten der Elemente,” which appeared 
in the Zeitschrift fiir Chemie for 1869, could make him. In faci, 
Meyer describes his own table as in essence identical with that pub- 
lished by Mendeléeff, and further prefaces the statement respecting 
the series of relationships just referred to with the words: “I will 
only add one remark to those made by Mendeléeff in explanation of 

his table.” , 

But, as it is not my intention to discuss any question of priority, 
but simply to lay before you an account of the part Lothar Meyer 
took in the development of this generalisation which has so pro- 
foundly influenced chemical thought, let us, therefore, return to 
other matters suggested by this paper “On the Nature of the 
Chemical Elements as a Function of their Atomic Weights.” The 
perusal of this work indicates that its author is inclined to regard as 
evidence of the probable composite nature of the elementary atoms, 
the existence of these relationships between the properties of the 
elements and their atomic weights, the interdependence between 
which he summarises by describing the properties of the elements as 
periodic functions of the atomic weights. 

To obtain a complete understanding of the nature of the elements 
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in their dependence on the magnitude of their atomic weights, it is 
necessary to follow step by step the changes of each property as we 
pass from element to element. The paper now under considera- 
tion, memorable as it is in so many ways, is especially so, in the 
example it affords of the first attempt to make such a detailed study 
of these changes. Lothar Meyer selected for this purpose the atomic 
volumes of the elements, the relation between which and the atomic 
weights is depicted in a graphic representation, which shows the 
atomic volume to be a pericdic function of the atomic weights, with 
regularly distributed maxima and minima. The curve which repre- 
sents these changes is divided by five maxima into six sections, which 
exhibit the form of a series of chains placed in a line. There isa 
strong resemblance between the second and third sections, and 
between the fourth and fifth sections. In the second and third 
sections, the atomic weight increases by 16 units in each, whilst 
in the fourth and fifth the increase is approximately 46. The curve 
not only exhibits, as Meyer pointed out, the variation in the atomic 
volumes of the elements, but also indicates that the fusibility, 
volatility, malleability, brittleness, electro-chemical behaviour, and 
other physical and chemical properties alter in like manner, conse- 
quently the properties of an element are determined by its position 
on this curve. For example, the easily fusible, volatile, and gaseous 
elements are to be found on the ascending branches of the curve, 
whereas the infusible elements are found either at the minima or on 
the descending sections. The elements, therefore, whose molecules 
are easily separated from one another, would experience an increase 
in their atomic volume in passing by addition to their atomic weight 
into the next element. Whereas the infusible and non-volatile 
elements, were it possible to convert them into the neighbouring 
element by increasing their atomic weights, would suffer a diminu- 
tion in their atomic volume. 

But the utility of this systematic study of the alteration in the 
atomic volume of the elements is not to be found alone in the beau- 
tiful epitome of the periodic law shown Ly this curve, but also in the 
revelaticn of errors in the determination of the atomic weights of 
many elements, and of the indication of the probable position in the 
“natural system” of elements such as indium and thallium, so 
entirely justified by the results of subsequent investigation. 

In the conclusions set forth in this memoir are to be found the 
natural and independent consequences of the train of thought sug- 
gested by the classification of the elements given in the first edition 
of the Modernen Theorjen, they form a statement and amplification of 
the law underlying the relation between the properties of the elements 
and the atomic weights, showing how fully Lothar Meyer had grasped 
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its meaning, and the justice of the action of the Fellows of the Royal 
Society of this country in awarding in 1882 the Davy Medal simul- 
taneously to Mendeléeff and Meyer, as founders of this great and 
important generalisation, the “ Periodic Law.” No one has shown 
his high appreciation of the labours of Mendeléeff in this domain of 
speculation more than Meyer himself, as a perusal of the Modernen 
Theorien will show ; and in the lecture delivered at Plochingen, to 
which I have already referred, Meyer speaks of Mendeléeff’s brilliant 
contribution as forming “ the coping stone of the building which in 
the course of years has been erected on the foundation of Dibereiner’s 
Triads, of a work which did not, like Pallas Athene, spring ready 
armed from the head of a Jove, but has been gradually completed by 
the slow, painstaking, and often apparently vain endeavours of a 
whole series of workers.” 

The verification and justification of Mendeléeff’s boldly conceived 
use of this law have undoubtedly contributed to effect a complete 
change in the attitude of chemists toward speculations of this kind, 
and have served to awaken an interest in the labours of our fellow 
countryman, Newlands, the value of whose contributions we should 
all the more willingly recognise when we recall the unsympathetic 
reception they received at the time, and the inappreciative remarks 
they called forth. 

The little reward obtained by the efforts of those who, prior to 
1860, had devoted much time and ingenuity to the study of these 
relations, finds a ready explanation in the confusion which existed 
in the minds of chemists as to the meaning of the term “atom,” 
and the lack of agreement as to the definite representation of 
atoms. 

Many of the Fellows of this Society there are who are able vividly 
to recall those times, and the tumult engendered by the contending 
systems; others, again, less fortunate, perhaps, than they, entirely 
dependent upon the knowledge acquired from the records of the 
science, can only by the aid of the imagination attempt to appreciate 
aright the condition of chemical thought at that time. To many it 
will be difficult to conceive that almost half a century after Dalton’s. 
atomic theory had been given to the world it should have been 
necessary for a speaker, at the memorable Conference of Chemists, 
held at Carlsruhe in September, 1860, to emphasise the inadmissibility 
of using more than one atomic weight for a given element, and to. 
state that one value alone can be accepted as the true atomic weight 
of an element. Yet such indeed was the case, for, as Meyer himself 
tells us in the notes appended to Cannizzaro’s famous pamphlet, “ Di 
un Corso di Filosofia Chemica” (which in 1891 he edited for Ostwald’s 
Chemical Classics), that one of the speeches which greatly contributed 
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to the advance of the atomic theory was that delivered by Professor 
Odling, of which this thought was the burden. 

And when once we have realised something of the spirit of those 
days and the doubts and uncertainties which must have reigned in 
the minds of many chemists concerned with the definition of the 
conception so important to the vitality and growth of our science, we 
shall the more readily appreciate the sense of peaceful security which 
the repeated reading of Cannizzaro’s pamphlet produced in Lothar 
Meyer’s mind. The discovery of the Periodic Law may assuredly be 
counted as one, perhaps not the least of the benefits which have 
followed from the explanation given by the great Italian chemist of 
the apparent contradiction between the law of Avogadro and that of 
Dulong and Petit. 

Many of Meyer’s and his pupils’ investigations were undertaken 
with the object of furthering the systematisation of inorganic chem- 
istry and placing this portion of the science in a position similar to 
that which obtains in organic chemistry. In a paper entitled “ Zur 
Systematik der anorganischen Chemie,” published in the Berichte of 
1873, expression was given to the wish for a change in this direction, 
and his brother chemists were exhorted to undertake a careful and 
searching examination of the already known compounds of the 
different elementary bodies, and to set on foot systematic investiga- 
tions of the compounds of the elements of the several groups, and 
thus provide material for a “ comparative chemistry.” 

As a step in the direction of systematisation, Meyer, in this paper, 
shows how it is possible to deduce the composition of the oxides and 
hydroxides of the elements by a general formula 

Hz, Xz +n 
in which x represents the element, v the valency deduced from the 
composition of its highest oxide, a number identical with that repre- 
senting the group in the natural system to which the element belongs 
for which to prevent confusion, the term ‘index of affinity” is pro- 
posed, and n is a small whole number. Applying this to the members 
of the third series we obtain the following. 


Tt Vea Yet Tat Vos Tee Ret 
n=0 Na.O Mg,0, Al,O; $i,0, P.O; 8.0, Cl,0,; 
a=] H.Na,0, — H,Al,0, H.Si,0, H,P,0, H.S,0, H,Cl,0, 

&e., &e. 


In like manner, formule for compounds of lower stages of oxidation 
may be deduced by the use of formula Ho: X20, +2 - 2, H»X20,4n 4, 
and so on. 

Amongst the immediate results of this appeal are to be counted the 
investigations of the chlorides and oxychlorides of molybdenum, 
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chromium, and sulphur undertaken by several of Meyer’s pupils. To 
these may also be added the investigations of Michaelis, which resulted 
in the discovery of the tetrachloride of sulphur; the dissociation of 
the latter and the conditions under which it is resolved into sulphur 
dichloride and chlorine afford another example of the influence of 
temperature on the valency exerted by any given element. 

In the irrational treatment of inorganic chemistry, as depicted in 
the majority of chemical handbooks, Meyer found a state of affairs 
similar to that existing in organic chemistry, which 20 years pre- 
viously Laurent had so rigorously criticised in his Méthode de Chimie. 
To Meyer the same causes appeared to be operative in retarding the 
progress toward the goal, the attainment of which would be the 
founding of a system of inorganic chemistry which “ would not fear 
comparison with the thoroughly developed system of organic chem- 
istry.” (Modern Theories, p. 170.) 

Meyer’s lecture before the German Chemical Society, delivered in 
1893, Ueber den Vortrag der anorganischen Chemie nach dem Natiir- 
lichen Systeme der Elemente, should surely contribute to place the 
“prize”? more within our reach, for in this discourse he has shown 
how, by the adoption of certain “‘ artifices”” the natural system of the 
elements may be made the basis of a course of instruction in general 
inorganic chemistry. Not the least of the advantages of the method 
of treatment described in this lecture are those which accrue from 
the insight afforded into the history of the foundation of modern 
chemistry, and the gradual manner in which facts are laid before the 
student forming materials which serve to exemplify the laws of 
chemical combination and the development from these of the mole- 
cular atomic theory. The student thus instructed, and having 
acquired an understanding of atomic weights is prepared for an 
explanation of the outlines of the natural system. This outline is 
gradually filled in, not by a description and illustration of the pro- 
perties of the elements and their compounds, group by group, but 
first by the facts brought to light in the study of the chief types of 
hydrogen compounds, and the subsequent systematic treatment of 
the elements forming the several groups or families in the “ natural 
system.” 

It must be conceded that a student so instructed should form a 
higher conception of inorganic chemistry than many appear to do, 
and may possibly be inspired with the desire to devote his energies 
to add something which may help to make the system more perfect, 
for so suggestive a treatment could not fail to bring out with due 
prominence those points on which additions to our knowledge are so 
much to be desired. 

No account of Meyer’s labours in the department of chemistry 
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now under consideration would be complete without a reference to 
the work published by him in conjunction with Professor Seubert in 
1883, in which are given the results of a recalculation of the atomic 
weights of the elements. The task was begun by Lothar Meyer 
himself in Eberswalde in 1867, and, after many years’ interruption, 
recommenced and completed, as stated above, with the help of 
Professor Seubert. To some perhaps the task Meyer imposed upon 
himself may appear an almost thankless one; not so, however, to 
Meyer, who saw in the study of the modes of combination of the 
atoms ‘‘a new epoch in the history of chemical statics,” and in the 
study of chemical change the basis of the ‘“‘ dynamics of the atoms.” 

To one so minded the reward for the unremitting labour, the time 
and energy consecrated to the work, would be found in placing upon 
a certain and sure foundation these fundamental constants, so essential 
to the advancement of the mechanics of the atoms. 

The influence of Meyer’s training in mathematics and in mathe- 
matical physics is evinced both in his experimental work and in his 
writings, and is shown in the selection of the problems submitted to 
experimental inquiry, the successful solution of which is to be attri- 
buted to the happy conjunction of the mathematician with the 
experimentalist. This is especially true of the series of investigations 
on the molecular volumes of chemical compounds, which had its 
starting point in the results obtained by calculation of the molecular 
volumes of certain gases from Graham’s observations on the rates of 
‘‘ transpiration.” From Graham’s results, Professor Oskar KE. Meyer 
deduced the coefficients of friction for the 19 gases experimented on, 
and by the aid of the relation established by Maxwell between the 
rate of transpiration or the coefficient of friction, the molecular 
weight, the molecular velocity and molecular sectional areas, Lothar 
Meyer calculated the molecular volumes for these 19 gases. He dis- 
covered that the volumes so obtained exhibit a ratio similar to that 
exhibited by the molecular volumes deduced for these gases by the 
aid of Kopp’s law, employing the atomic volumes calculated from 
liquid compounds; and he established the fact that the molecular 
volume of a gas is the sum of the atomic volumes of its constituents. 
To institute a comparison between the values obtained for the 
molecular volumes in accordance with Kopp’s rules and those deduced 
from the coefficients of friction, the latter, which are purely relative 
values, were expressed in terms of the molecular volume of liquid 
sulphur dioxide. In 12 cases, the agreement between the two sets of 
values is satisfactory, as will be seen by an inspection of the following 
table in which are given the molecular volumes arrived at from the 
friction constants, and also those calculated from the molecular 
volumes of liquid compounds. The agreement is more complete 
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when, in the cases of nitrogen and hydrogen and the compounds 
containing these elements, the atomic volumes obtained from the 
friction constants are employed, as will be seen by a comparison of 
the values contained in the third column, in which the molecular 
volumes are calculated with these numbers. It is further worthy of 
remark that in the case of carbon monoxide and of carbon dioxide a 
greater concordance is observed between the molecular volumes based 
upon the friction constants, and the calculated values, when Kopp’s 
lower value for oxygen is used, that is, for oxygen combined as it is 
in water, instead of the higher value for oxygen as it is assumed to 
be combined in the “ carbonyl” group. 


Molecular Volumes of Gases. 


Calculated by aid 
of Kopp’s numbers. 


From friction. 
| 3 


IL. Im. 
15°6 15°6 
145 155 
Carbon dioxide.... . 31°0 26°6 
Hydrogen chloride. 24° 283 25°8 
CRIOPIMG 20 ccee-ces P 45°6 45°6 
Sulphur dioxide.... ' 42°6 42°6 
Hydrogen sulphide. ; 33°6 28°6 
Methylic chloride. .. ‘ 50°2 428 
Ammonia.. 3° 188 16°7 
Cyanogen ; 560 56°0 
Ethylic chloride.... 66° 72°3 59°8 
Methylic ether ... 3° 62°8 47°38 
Air .. — 15:0 

4°6 15:3 
Carbon monoxide.. 15° 23°2 18°8 
Nitrous oxide...... ‘ 16°8 27°5 
Methane........ . ‘ 33°0 23-0. 
Ethylene 3° 44-0 34°0 
11:0 6°0 


Our interest in these results is due not alone to the fact that they 
contribute to the advancement of knowledge, but also that they are 
deductions from some of the valued experimental facts bequeathed 
to science by one of the founders of this Society and its illustrious 
first President, Thomas Graham. 

Lothar Meyer sought next to extend these observations on gases by 
determining experimentally the rates of transpiration of vapours ; 
the work was commenced in Carlsruhe, and continued in Tiibingen, 
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the paper containing the results of the first stage of this inquiry 
being dated from the latter place. In the account given in the 
Annalen der Physik und Chemie (N.F., 1879, 7, 497), the method of 
observation and the apparatus employed are described. The appa- 
ratus devised for this purpose is a beautiful example of the same 
inventive skill which characterises all Meyer’s work, and compels 
our admiration. The rate of transpiration measured is that of the 
saturated vapour. A long series of experiments were made with 
benzene, showing (1) that in case of vapours the coefficient of fric- 
tion increases with a rise in temperature more rapidly than in the 
case of gases, (2) that the molecular volume of vapours is greater 
at lower than at higher temperatures, which is also true of gases. 

The careful and searching criticism to which Meyer submitted the 
experimental data revealed the fact that the laws governing the 
transpiration of gases cannot without modification be applied to 
vapours, and that further information as to the influence of pressure 
and of temperature on the vapour of benzene is required. Empirically 
he arrived at an expression for the relation between the rate of 
transpiration and the pressure of saturated vapours. From the con- 
stancy of this quantity is deduced a relationship between the co- 
efficient of friction of benzene vapour, and possibly of all other 
saturated vapours; namely, that the coefficient of friction is propor- 
tional to the square root of the tension of the vapour. 

In- conjunction with O. Schumann and subsequently with V. 
Steudel, the rates of transpiration of a number of fatty acids and 
their ethereal salts, and also of several series of homologous com- 
pounds were determined. The results of these extended observations 
show that in the majority of cases, homologous compounds have 
very nearly the same coefficient of friction. The average values 


being for 


Alcohols, C,H2n , .O = 0°000142 
Chlorides, C,H.» +,Cl 0:000150 
Esters, Cx Hon 10. = 0°000155 
Bromides, C,H» +,Br » = 0°000182 
Todides, CnHon , ,T 


The influence of the nature of the atoms constituting the molecules 
is shown by a comparison of chlorides, bromides, and iodides of 
approximately the same molecular weight. The influence exerted 
by the iodine is found to be greater than that of the bromine, and 
this again than that of chlorine. 

The molecular volumes of these various compounds calculated 
from the friction constants exhibit: a proportionality to those values 
obtained from their molecular volumes in the liquid state. When the 
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first of these values is expressed in terms of the molecular volume of 
sulphur dioxide, as was done in the case of the gases, the molecular 
volumes are then approximately half the molecular volumes for the 
same compounds in the liquid condition. That these two sets of 
values should not be identical finds a ready explanation in the fact 
that the molecular volume of a liquid increases with rise of tem- 
perature, whereas that of a vapour decreases. 

Meyer further pointed out that in the case of the isomeric butyl 
compounds the sectional area of the molecule of the tertiary isomeride 
is less than that of the corresponding secondary, and this again than 
that of the primary compound ; but he found no such regularity in 
the case of the isomeric propyl compounds. 

A notable feature in the several publications on this subject is the 
unbiassed freedom with which the experimental results are discussed, 
and the care which is taken to avoid too hasty “‘ generalisation.” The 
difficulties of the solution of the problem of the influence of the several 
factors affecting the coefficient of friction of gases and its relation to 
the form of the molecules are fully realised and appreciated by 
Meyer, who is careful to direct attention to many matters which need 
a searching experimental examination before the full and true mean- 
ing of these phenomena is realised. 

The numerous publications of the pupils of Lothar Meyer, emanat- 
ing chiefly from the laboratories of Tiibingen, are of a very diversified 
character. In the selection of subjects for investigation, and in the 
manner of execution, the influence of the master’s spirit is to be 
traced. The preparation of compounds, both in inorganic and 
organic chemistry, has added to the list of compounds already known ; 
the investigation of their modes of formation and properties has been 
so directed as to shed a light on points of general interest. 

The physical constants of many series of compounds have been 
revised, and our knowledge of the relation between the physical pro- 
perties and the composition and constitution of compounds received 
extension. 

That interesting class of chemical changes usually described as 
“contact actions’ has been submitted to careful and critical examina- 
tion, and our knowledge of “ oxygen carriers” and of “chlorine 
carriers’? and their mode of action very materially advanced. 

Measurements of the influences of mass, time, dilution, and of 
other factors in a variety of instances of chemical change, have 
added many new examples of the truth of the law of Guldberg and 
Waage. 

This mere recital of the themes affords evidence of the undoubted 
attraction which the more theoretical side of chemistry had for 
Meyer, and at the same time show how strong was the desire 
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which animated him to aid in the ordering of the facts of chemistry 
and thus to contribute to the building up of a system of chemical 
philosophy. 

Weare also indebted to Meyer for many laboratory appliances, some 
of which are incidentally mentioned in the description of the results of 
some investigation, others again have formed the subject of special 
memoirs. The paper on “ Air Baths” affords ample evidence of his 
ingenuity in devising apparatus, and also shows that by strict 
attention to scientific principles great efficiency can be combined 
with economy in fuel. In addition, the exact analysis of gases has 
been simplified by the apparatus devised by Lothar Meyer and K. 
Seubert, an account of which formed the subject of a paper con- 
tributed to the Transactions of this Society. At the same time 
Meyer drew attention to the advantages in the calculations of the 
results of gas analysis, which is secured by a strict adherence to 
Avogadro’s law. 

In the history of the progress of theoretical chemistry during the 
past 30 years, the name of Lothar Meyer must occupy a foremost 
position. To the advancement of chemical theory he not only con- 
tributed as a founder of the natural system of the elements, but also 
as an exponent of the speculations and theories, whether in chemistry 
or physics, which have combined to awaken an interest in those 
problems of physical chemistry, the solution of which will bring 
nearer the realisation of Berthollet’s ideal, a chemical philosophy 
based on the general laws and principles of mechanics. 

The first edition of Die Modernen Theorien was written not alone 
for chemists, but also to make known to other scientific investigators 
the nature of the hypotheses and theories forming the basis of 
chemical philosophy at the time. The time of publication of this 
work, namely, 1864, was indeed, opportune, following as it did 
immediately on the acceptance by the majority of chemists of the 
new atomic weights. It marks an epoch in the growth of the 
atomic theory; the terms “atom” and “molecule” had at length 
acquired a distinct and definite meaning. 

The publication of a book dealing solely with the theories of 
chemistry was a matter of great moment in its history, not to be 
undertaken in a light spirit, nor did Meyer approach the enterprise 
in any such mood, for only after it had practically been rewritten 
for a third time was the manuscript handed to the printer. Despite 
the labour and time expended on this work, the final step was taken 
with serious doubts as to the value and utility of it, and whether 
even its usefulness would prove a sufficient excuse for the violation of 
the accepted traditions of his co-workers in chemistry. These tradi- 
tions allowed the indulgence in theoretical speculations, when these 
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appeared—one might almost say—as addenda to the results of experi- 
mental inquiry. This attitude of chemists to theoretical speculation 
suggests that in some occult way they had inherited that contempt. 
for theory which Mephistopheles sought to implant in the mind of 
the pupil of the alchemist Faust. 

* Grau, theurer Freund, ist alle Theorie.” 

This disregard for hypothesis and theory is as little to be justified 
as is the other extreme. Chemical literature contains many ex- 
amples of both faults, and certainly many of the text-books of the 
science would be better for the infusion of the quickening influence 
of chemical philosophy into the dry bones which masquerade as a 
portrayal of the science of chemistry. 

Lothar Meyer’s book has undoubtedly contributed to effect a 
change in this direction, and has also led to a more just apprecia- 
tion and recognition of the truths contained in the hypotheses of 
Avogadro and of Dulong and Petit. At the time when this book 
appeared, Avogadro’s law was by some regarded as purely arbitrary, 
the adoption or rejection of this hypothesis was considered of little 
import; it received allegiance from others on purely chemical con- 
siderations. To such the exposition given by Meyer of the applica- 
tion of these hypotheses in the determination of the atomic weights 
of the elements, the agreement in the deductions arrived at by their 
assistance, and the necessity of Avogadvo’s hypothesis recognised by 
Clausius on purely physical grounds, to which Meyer directed atten- 
tion, must have proved convincing and have served to elevate these 
laws to a position of regard higher than that they had previously 
enjoyed. 

The feature of the teaching of this work, summarised as we find it 
in the extended title Die Modernen Theorien der Chemie und thre 
Bedeutung fiir die chemischen Statik is that which gives the distinc- 
tive character to the book. The determination of the atomic weights 
and the methods used become important, inasmuch as they are 
concerned with the measurement of the relative masses of the atoms, 
the invariable quantities, the constants of a theory of the statics of 
the atoms. The additional property of the elementary atoms, 
revealed by the consistent use of Avogadro’s law, the specific quality 
which determines the atom-fixing power of an elementary atom, is 
studied in the light of an extension of this theory; and the formule 
employed to show the constitution of molecules become representa- 
tions of the equilibrium of the atoms. The discovery of this pro- 
perty marks a new epoch in the history of chemical statics. 

To the interpretation of the constitution of solid compounds 
whose molecular weights cannot be directly ascertained by Avo- 
gadro’s law, this atom-combining power is extended, but not without 
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due caution as to the uncertainty surrounding the conclusions drawn. 
The physical properties of compounds are discussed and interpreted 
in the light of the new doctrine of valency, and finally this doctrine 
is applied to the classification of the elements in the manner I have 
already described. 

With the appearance of the second edition, which was published in 
1872, the book altered somewhat in character, the 147 pages of the 
first edition having grown into 364; this addition, in part due to the 
incorporation of empirical data illustrative of the theories, in part 
also, to the somewhat lengthy discussion and illustration of the laws 
of atomic linking, which the development of organic chemistry and 
of the benzene derivatives necessitated ; and, finally, to the inclusion 
of an account of the notable additions made to our knowledge of the 
‘‘nature of the chemical atoms,” which the speculations of Meyer 
and of Mendeléeff had revealed. 

To Meyer himself the second edition had assumed greater import- 
ance than its predecessor, and he ventured to dedicate it to his 
honoured master, Bunsen. 

The third edition, published five years after the second, is not very 
materially different from the latter, although it contains an important 
contribution to the study of the nature of valency, in the recognition 
ot the fact that the valency of an element may be influenced by the 
nature of the atoms with which it combines. Thus chlorine, bromine 
and iodine act as monovalent elements in their compounds with the 
more electropositive elements, such as hydrogen and the metals; 
whereas to oxygen and other electro-negative elements they comport 
themselves us polyvalent, and, possibly, heptavalent elements. 

In the fourth edition, which was published six years after the 
third, and followed by a fifth a year afterwards, the Modernen 
Theorten underwent a very material alteration. To the discussion 
of the problems of chemical statics, which had been treated in 
former editions, a special part was added concerned with the pheno- 
mena of chemical change, and the influence of external agents in 
promoting or retarding chemical action. This third section deals 
with the ‘‘ Dynamics of the Atoms,” thus giving completion to the 
thought suggested by the earlier editions of the publication of a 
work which should form an account of ‘‘ Chemical Mechanics.” 

The translation of the fifth edition of this work by Professor 
Williams and myself, which appeared in 1887, found so ready a 
sale that in three vears the edition was exhausted, a fact which 
surely justifies the belief that the book is so well known amongst 
chemists as to preclude the necessity of an attempt to sketch in out- 
line the contents of the third section of the work. The 20 years 
that have elapsed since the first appearance of Meyer’s Modernen 

VOL. LXIX. 5 D 


1430 BEDSON: LOTHAR MEYER MEMORIAL LECTURE. 


Theorien have witnessed great changes in the attitude of chemists 
towards hypotheses and theories; a change which in some quarters 
has led to the institution of a comparison between the modern school 
of chemists and those of the classical school, not altogether favour- 
able to the former. Be that as it may, there can be no doubt as to 
the advantages chemistry has already derived from the acceptance of 
the kinetic theories of the states of aggregation, of the kinetic theory 
of electrolysis of Clausius, and of Guldberg and Waage’s theory of 
the action of mass; the necessity for some such hypotheses was 
pointed out by Meyer in the first edition of this book in the following 
passages. 

“Tt will be necessary in the immediate future to introduce some 
new hypotheses. It appears that many of the fields of molecular 
physics which are closely allied to, and are in the almost exclusive 
possession of chemistry, cannot be successfully cultivated at present 
without the theoretical speculations and hypotheses advocated by 
Clausius, which represent the different conditions aud forms of 
matter as determined by the various forms of motion of the corporeal 
molecules. 

“These views, based on the fundamental principles of mechanics 
—and especially the mechanical theory of heat—alone appear capable 
of penetrating into the influence which the chemical nature of bodies 
—the atomic constitution of their molecules—exerts on the changes of 
the states of aggregation, e.g., fusion ‘and solidification, evaporation 
and condensation; on vapour pressure, and on the phenomena of 
diffusion, absorption, solution, crystallisation, endosmosis, and all 
similar processes. The theoretical investigation of electrolysis and 
of the whole field of electro-chemistry can only be successful from 
this side. In the consideration of all purely chemical reactions, 
chemical decompositions and chemical combination, such conceptions 
“may become indispensable, in fact very similar ideas have been sug- 
gested by the consideration of purely chemical phenomena.” 

The fulfilment of this prediction has not yet been followed by the 
complete alteration in the old conception of “ affinity ” as an attractive 
force, a change also foreshadowed in the early editions of the Modernen 
Theorien. The causes which have been operative in retarding this 
advance in our conception of affinity are found in the absence of 
kinetic speculations on the thermal changes accompanying chemical 
phenomena. The discussion of the vast accumulation of thermo- 
chemical data from such a standpoint, as suggested by Meyer, not 
only in the last edition of the Modernen Theorien, but aiso in the 
article published in 1883 in the Annalen on the “ Basis of Thermo- 
chemistry,” and, again later, in the contribution to the Zeit. physi- 
kal. Chem., entitled the ‘“ Evolution of the doctrine of Affinity,” 
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must bring nearer the realisation of a kinetic theory of chemical 
affinity. 

Amongst the last undertakings of Meyer's active life was the pre- 
paration of a sixth edition of this work, which has played so 
important a part in directing attention to the theoretical side of the 
science of chemistry, and also in arousing an interest in the border- 
land between chemistry and physics, now cultivated with such zeal 
and enterprise, and with results so full of promise. 

Lothar Meyer had repeatedly declined to undertake the task of 
preparing a new edition of the Modern Theories, and when I ap- 
proached him, in 1890, he suggested that Professor Williams and I 
should prepare a translation of the smaller book’ which had just 
appeared. In Germany two editions of this book have been published, 
and it has also been translated into Russian. 

When, two years ago, I again wrote to Lothar Meyer on the subject 
of a new edition of the Modern Theories, he replied that he had 
declined the invitation of his publishers, feeling that “it would be 
tempting fortune to undertake the republication of a work which had 
been so long before the public.”” He expressed himself as “ perfectly 
content with the influence which it had exercised in the chemical 
world,” but felt that a new edition must either be made much 
shorter or more extensive, and, foreseeing this, he had written the 
smaller one, namely, The Outlines of Theoretical Chemistry. He con- 
tinues in his letter, ‘‘ The world desires at the present time numbers 
and foimule, and is no longer thoroughly alive to the philosophy set 
forth in the Modern Theories.” 

This decision was, however, overruled, and, on the day of his 
death, Meyer had completed the manuscript for Book I of the sixth 
edition, which has since been published, with a preface, by Professor 
O. E. Meyer, who has justly described it as “an interesting mono- 
graph on the atoms, of permanent value in itself.” 

Meyer’s labours were not entirely confined to matters of a purely 
scientific character. Like many distinguished chemists in this 
country, he took a great interest in questions relating to education, 
and contributed many articles to magazines, &c., on this subject. 
We are so much accustomed to look to Germany as the ideal of 
systematised education, that we are scarcely prepared to see the 
faults which Lothar Meyer detected. The difference in standpoint 
sufficiently explains the direction of attack. The authorities of the 
German Universities have, from the first, recognised the equality 
of all branches of knowledge, and their right to a just recognition 
in all University education. Further, the rewards and degrees 
dispensed by them are not to be gained through the single avenue 
of examination and knowledge of the known, but evidence of 
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ability to utilise the known and to extend the bounds of know- 
ledge is demanded from their graduates. 

How beneficial this attitude has been to the development of the 
industrial enterprises of Germany is thoroughly understood by 
chemists. Hence Meyer was not concerned with the problems of 
technical education as we understand them in this country, but 
rather with the training of those who were to become students of 
chemistry in the Universities. For such he advocated a broad and 
liberal school training in mathematics and languages, and did not 
wish to see the time and training, which should be devoted to these 
fundamental subjects, curtailed by instruction in special branches 
of science carried to such a degree that, when the student comes to 
the University lecture-room, the subject has lost all its freshness 
and attractions for him; and he regards attendance at lectures as a 
waste of time, and nothing less than eine Arbeit will satisfy him in 
the laboratory. In England we may surely learn much from such 
suggestive thought; let the Universities demand, as Meyer advo- 
cated for Germany, evidence of a sound, liberal training before the 
student matriculates. Once matriculated, permit the undergraduate 
to pursue some well-defined course of special study, and ask as 
evidence of the result of such work, not the performance in an 
examination hall, but some contribution to chemical knowledge. The 
industries would then, as in Germany, look to the Universities for 
the thoroughly trained chemists to assist in their direction, and 
provide the scientific labour which must form a prominent feature 
in future chemical industrial enterprise. 

Learned Societies in Germany, in this country, and in Russia 
have, like our own, sought to honour themselves by placing the 
name of Lothar Meyer on the roll of their distinguished members, 
and, with us, deplore the loss of one whose thought has left its 
impress on the annals of science, and who has shown by experi- 
mental work, distinguished alike by the conception, the execution, 
and the lucid description of results, how best the boundaries of 
knowledge may be extended. 


The following list of the published works of Lothar Meyer and of 
his pupils is taken from Professor Seubert’s account of the life of 
Meyer (Ber., 1895, 28). ; 


I, 


1.—Die modernen Theorien der Chemie und ihre Bedeutung fiir die chemische 
Statik. Breslau. Maruschke and Berendt. Five editions; 1864, 1872, 
1876, 1883, and 1884. (Translated into English and French.) 

2.—Grundziige der theoretischen Chemie. Leipzig. Breitkopf and Hiirtel, 1890. 
Second edition, 1893. (Translated into English and Russian.) 
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3.—L. M. und Karl Seubert. Die Atomgewichte der Elemente aus den Original- 
zahlen neu berechnet. Leipzig. Breitkopf and Hirtel, 1883. 

4a.—Abriss eines Lehrganges der theoretischen Chemie, vorgetragen von Prof. 8. 
Cannizzaro. Herausgegeben von Lothar Meyer. Ostwald’s Klassiker der 
exacten Wissenschaften. No. 30. Leipzig. Wilhelm Engelmann, 1891. 

4b.—Die Anfinge des natiirlichen Systemes der chemischen Elemente. Abhand- 
lungen von J. W. Dibereiner und Max Pettenkofer, nebst einer geschicht- 
lichen Uebersicht der Weiterentwickelung der Lehre von den Triaden der 
Elemente. Edited by Lothar Meyer. Ostwald’s Klassiker der exacten 
Wissenschaften. No. 66. Leipzig. Wilhelm Englemann, 1895. 


II. Chemical Papers and Dissertations of his Pupils. 


5.—Ueher ‘die Gase der Blutes. IJnaug. Diss., Wiirzburg, 1857; Hen/e 
und Pfeuffer’s Zeitschr. f. rat. Med. [N.F.], 8, 256. Abstract, 
Pogg. Annalen, 102, 299; Phil. Mag., 1857, 14, 2683—268. 

6.—De sanguine oxydo carbonico infecto. Diss. Aug. Vratisl, 1858. Ueber 
die Einwirkung des Kohlenoxydgases auf Blut. Henle und 
Pfeuffer’s Zeitschr. f. rat. Med. (N.F.], 9,83; Schmidt's Jahrb. f. 
d. ges. Med., 101, 22. 

7.—Wirkung des Drucks auf die Verwandtschaft. Pogg. Annalen, 104, 
189 ; Liebig’s Annalen, 110, 312. 

8.-~L. M. und Rud. Heidenhain. Ueber die Absorption der Kohlensiure 
durch Lésungen des neutralen Natronphosphates. Studien des 
physiol. Inst. zu Breslau. Heft 2. Leipzig, 1863. Abstract, 
Liebig’s Annalen, Suppl. II, 157. 

9.—Krystallform des Desoxylsiureithylithers. Pogg. Annalen, 120, 605. 

10.—Bequeme Vorrichtung zur Reinigung des Quecksilbers. Zeit. anal. 
Chem., 2, 241. 

11.—Gasometrische Bestimmung der Kohlensiure in Mineralwassern. Zeits. 
anal. Chem., 2,237. J. pr. Chem., 1864, 476—501. 

12.—Ueber die Hofmann’sche Reaction auf Tyrosin. Liebig’s Annalen, 
182, 156; Zeits. anal. Chem., 3, 199. 

13.—Chemische Untersuchung der Thermen zu Landeck in der Grafscha‘t 
Glatz. J. pr. Chem., 1864, 1. 

14.—Ueber die Umkehrung der Natriumlinie. Zeit. Chem., 1865, 464. 
Phil. Mag., 30, 390. 

15.—Ueber die Beziehungen der Specifischen Wirme zum Atom- und 
Molekular-gewicht. Zeit. Chem., 1865, 250. 

16.—Ueber einige Zersetzungen des Chloriithyls. Liebig’s Annalen, 159, 
282. 

17.—Ueber die Molekularvolumina chemischer Verbindungen. Liebiy's 
Annalen, Suppl. V, 129. 

18.—Die Natur der chemischen Elemente als Function ihrer Atomgewichte. 
Liebig’s Annalen, Suppl. VII, 354. 

19.—Ueber die Apothese Avogadro’s. Ber., 4, 25. Isomorphie von 
Natronsalpeter und Kalkspath. Ber., 4, 53. 

20.—Apparat zur Regulirung des Luftdruckes der Destillationen. Ber., 5, 
804. Ref. 

21.—Beschreibung eines Druckregulators. Liebig’s Annalen, 165, 303. 
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1873. 22.—Ueber das Atomgewichte des Molybdins. Liebig’s Annalen, 169, 360. 

23.—Zur Systematik der anorganischen Chemie. Ber., 8, 1627. 

1875. 24.—Vorlesungsversuch iiber Verdampfung ohne Schmelzung. JBer., 8, 
1627. 

25.—Osc. Brenken. Ueber Chlorjod. Ber., 8, 487. 

26.—Pet. Melikoff. Ueber die Dichte des aus Dreifachchlorjod entstehenden 
Dampfes. Ber., 8, 490. 

27.—Wasserstoffentwickelung durch Zink und Kupfersulfat. Ber., 9, 512. 

28.—Ueber Dreifachchlorjod. Ber., 10, 648. 

29.—W. Bornemann. Ueber Chlorjod, Bromjod, Chlorbrom und deren 
Verhalten gegen Wasser. Jnaug. Diss., Tibingen, 1877. Liebig’s 
Annalen, 189, 183. . 

30.—Ueber unvollstiindige Verbrennung. JBer., 10, 2117. 

31.—Emil Elsisser. Ueber eine Elektrolyse mit Wasserstoffentwickelung 
an beiden Polen. Ber., 10, 1. 

82.—Otio Schumann. Ueber die Affinitaét des Schwefels und des Sauer- 
stoffs zu den Metallen. Jnaug. Diss., Tiibingen, 1877. 

1878.—33.—Jolhn H. Long. Ueber die Einwirkung von Wasserdampf auf gliihende 
Holzkohlen. Liebig’s Annalen, 192, 288. 

34.—Ueber Transpiration von Dimpfen. Ber., 11, 206; Wied. Annalen, 
1879, '7, 497. 

35.—Ueber das Atomgewichte des Berylliums. Ber., 11, 576. 

36.—Ludwig Schreiner. Ueber die Siedepunkte der Ester und Aether- 
Ester des Oxysiiuren. Jnaug. Diss., Tiibingen, 1878; Liebig’s 
Annalen, 197, 1. 

37.—Georg Priitorius. Ueber die Salze der Chlorchromsiure. Jaaug. 
Diss., Tiibingen, 1878; Liebig’s Annalen, 201, 1. 

88.—Hans Settegast. Beitriige zur quantitativen Spectralanalyse. Inaug. 
Diss., Tiibingen, 1878 ; Wied. Annalen, [2], '7, 242. 

39.—Wilh. Piittbach. Ueber Molybdanacichloride. Znaug. Diss., Tiibingen, 
1878; Liebig’s Annalen, 201, 123. 

40.—Friedr. Clausnizer. Ueber einige Schwefeloxychloride. Inaug. 
Diss., Tibingen, 1878. Ber., 11, 2007, 2009, 2011, 2012. 

4).—Reinigung des Quecksilbers. Ber., 12, 437. 

42.—Jul. Schuncke. Ueber die Léslichkeit des Aethyloxydes in Wasscr 
und wissriger Salzsiure. Inaug. Diss., Tiibingen, 1879; Zeit. 
physikal. Chem., 14, 331. 

43.—James Morris. Ueber den Einfluss der Masse auf chemischen Um- 
setzungen. Jnaug. Diss., Tiibingen, 1879; Liebig’s Annalen, 218, 
253. 

44.—J. H. Long. On the diffusion of Liquids. Jnaug. Diss., Tubingen, 
1879; Wied. Annalen, 9, 613. 

45.—Emil Elsiisser. Ueber Galvanische Leitung von Metalllegirungen. 
Wied. Annalen, 8, 455. 

1880.—46.—Zur Geschichte der periodischen Atomistik. Ber., 18, 220, 259, 2043. 

47.—Zu Victor Meyer’s Dampfdichtebestimmung. Ber., 18, 991. 

48.—Ueber das Atomgewichte des Berylliums. Ber., 18, 1780. 

49.—Verdampfung ohne Schmelzung. Ber., 18, 1831. 

50.-—Paul Schoop. Die Aenderung der Dampfdichten bei variablem Druck 
und variabler Temperatur. Jnaug. Diss., Tiibingen, 1880; Wied. 
Annalen, 12, 550. 
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51.—Verdampfung ohne Schmelzung. Ber., 14, 718. 

52.—L. M. und Otto Schumann. Ueber Transpiration von Dimpfen. Ber., 
14, 593. 

53.—Otto Schumann. Ueber Transpiration von Dimpfen. Wied. Annalen, 
12, 40. 

54.—Emil Elsisser. Ueber die Specifischen Volumina des Esters der Fett- 
reihe. Inaug. Diss., Tiibingen, 1881; Liebig’s Annalen, 218, 802. 

55.—Konr. Bdtsch. Unvollstiindige Verbrennung von Gasen. Inaug. Diss., 
Tubingen, 1881 ; Liebig’s Annalen, 211, 207. 

56.—Alb. Holzer. Ueber einige Phenolither. Jnaug. Diss., Tibingen, 1881. 

57.—Eug. Sapper. Ueber die Einwirkung der Halogenwasserstoffe auf 
Zusammengesetzte Aether. Inaug. Diss., Tibingen, 1881; Liebig’s 
Annalen, 211, 178. 

58.—Theod. Lehrfeld. Ueber die Einwirkung von Ammoniak auf 
Bibrombernsteinsiure und auf Bibrombernsteinsiiureithylester. 
Inaug. Diss., Tiibingen, 1881. Ber., 14, 1816. 

59.— Ueber die Bildung und Zersetzung des Acetanilids. Ber., 15, 1977. 

60.—L. Gordon Paul. On the identity of certain mixed Ethera of Oxalic 
Acid. Inaug. Diss., Tiibingen, 1882. 

61.—Victor Steudel. Ueber Transpiration von Dimpfen. IJn@ug. Diss., 
Tubingen, 1882; Wied. Annalen, 16, 369; see also Lothar Meyer, 
Wied. Annalen, 16, 394. 

62.—Ernst Noack. Ueber die Phenylester der Phosphorigen Siure. Inaug. 
Diss., Tiibingen, 1882 ; Liebig’s Annalen, 218, 85. 

63.—Georg Kumpf. Ueber Nitrophenyl-Benzyl- und Nitrophenyl-Nitro- 
benzylather und die Nitrirungsproducte des Benzylehlorids. Inaug. 
Diss., Tiibingen, 1882; Liebig’s Annalen, 224, 96. 

64.—Rich. Brix. Ueber den Austausch von Chlor, Brom, und Jod zwischen 
organischen und anorganischen Verbindungen. Jnaug. Diss., 
Tiibingen, 1882; Liebig’s Annalen, 225, 146. 

65.—Ueber Luftbader. Ber., 16, 1087. 

66.—Die Grundlagen der Thermochemie. Liebig’s Annalen, 218, 1. 

67.—Paul Spindler. Der Nitrirungsprocess der Benzolderivate. Iunaug. 
Diss., Tibingen, 1883; Ber., 16, 1252. 

68.—Paul Frische. Ueber Nitrite p-Kresyl-Benzyl-Aether. Inaug. Diss., 
Tiibingen, 1883; Liebig’s Annalen, 224, 137. 

69.—Martin Rapp. Ueber die Phenyl- und Kresylester der Phosphorsiure 
und ihre Nitrirung. Jnaug. Diss., Tiibingen, 1883; Liebig’s 
Annalen, 224, 156. 

70.—Benj. Kéhnlein. Eine bequeme Darstellung der Paraffine. Com- 
municated by Lothar Meyer. Ber., 16, 560. 

71.—Benj. Kohlein. Ueber die Austausch von Chlor, Brom, und Jod 
zwischen anorganischen und organischen Halogenverbindungen. 
Inaug. Diss., Tiibingen, 1883 ; Liebig’s Annalen, 225, 171. 

72.—Ueber einen empfindlichen Thermoregulator. Ber., 17, 478. 

73.—Ueber Aetherester der Glycolsiiure. Ber., 17, 669. 

74.—Ueber die Berechnung der Gasanalysen. Liebig’s Annalen, 226, 115. 
On the calculation of Gas Analysis. J. Chem. Soe., 45, 601. 

75.—L. M. und Karl Seubert. Ueber Gasanalysis bei starkvermindertem 
Druck. Liebig’s Annalen, 226, 87. Gas analysis under greatly 
reduced pressure. J. Chem. Soc., 45, 581. 
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76.—Alfr. G. Page. Ueber anorganische Chloride als Chloriibertriger. 
Inaug. Diss., Tibingen, 1884; Liebig’s Annalen, 225, 196. 

77.—Ad. Scheufelen. Ueber LEisenverbindungen als Bromiibertriiger. 
Inaug. Diss., Tiibingen, 1884; Liebig’s Annalen, 225, 196; 231, 
152. 

78.—Aug. Folsing. Ueber einige Aetherester der Glycolsiure und Salicyl- 
siure. Inaug. Diss., Freiburg, 1 B., 1884. Abstract communicated 
by Lothar Meyer. Ber., 17, 484 and 486. Compare also the note, 
Ber., 17, 669. 

79.—Herm. Bauer. Ueber die Siedepunktsanomalien der chlorirten Aceto- 
nitrile und einige ihre Abkémmlinge. Jnaug. Diss., Tiibingen, 
1884; Liebig’s Annalen, 229, 163. 

80.—-G. Schlegel. Ueber die Verbrennung von Kohlenwasserstoffen, 
ihren Oxyden und Chloriden mit Chlor und Sauerstoff. Liebig’s 
Annalen, 226, 133. 

81.—Ueber Chlor- und Brom-iibertriiger. Ber., 18, 2C17. 

82.—Eisenchlorid als Jodiibertriiger. Liebig’s Annalen, 281, 195. 

83.—L. M. und Karl Seubert. Ueber die Einheit der Atomgewichte. Ber., 
18, 1089. On the unit adopted for Atomic Weights. J. Chem. Soc., 
47, 426. 

84.—L. M. und Karl Seubert. Das Atomgewicht des Silbers und Prout’s 
Hypothese. Ber., 18, 1098. The Atomic Weight of Silver and 
Prout’s Hypothesis. J. Chem. Soc., 47, 434. 

85.—Joh. Lindner. Ueber Bromonitrophenole, Bromonitrophenetole, und 
deren Amidoderivate. Inaug. Diss., Tiibingen, 1885; Ber., 18, 611. 

86.—Heinr. Spindler. Ueber den Austausch von Chlor, Brom, und Jod 
zwischen organischen und anorganischen Halogenverbindungen. 
Inaug. Diss., Tibingen, 1885; Liebig’s Annalen, 281, 257. 

87.—Conrad Kerez. Ueber die Einwirkung von Halogenverbindungen des 
Aluminiuns auf Halogensubstituirte Kohlenwasserstoffe. Inaug. 
Diss., Tibingen, 1885; Liebig’s Annalen, 281, 285. 

88.—Ad. Rémer. Untersuchungen iiber den Einfluss der Masse auf die 
Chlorirung brennbarer Gase. Inaug. Diss., Tiibingen, 1885. Liebig’s 
Annalen, 2838, 172. 

89.—Ueber die Verbrennung von Kohlenoxyd. Ber., 19, 1099. 

90.—Jul. Giersbach. Ueber die Nitrirung des Benzol. Inaug. Diss., 
Tiibingen, 1886. 

91.—Emil Meyer. Ueber die Affinitiét der Vitriolmetalle zum Wasser. 
Inaug. Diss., Tiibingen, 1886. 
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XCIL—Acid Compounds of Natural Yellow Colouring 


Matters. Part II. 
By A. G. Perkin, F.R.S.E. 


IN a previous communication (Perkin and Pate, Trans., 1895, 67), it 
was shown that certain yellow colouring matters, when treated with 
mineral acids in the presence of boiling acetic acid, yield crystalline 
compounds, the composition of which may be generally represented 
as an additive product of 1 mol. of the colouring matter with 1 mol. 
of acid; for instance, the quercetin compounds have the formula, 
C,sH,O;,H,.SO,, C;;Ho0;, HBr, and C,;H,,O;,HCl. These substances in 
the presence of water are decomposed quantitatively into the colouring 
matter and free acid. It was there pointed out that the natural 
yellow mordant dye-stuffs, which contain carbon, hydrogen, and 
oxygen only, belong as far as their constitution is known principally 
to three classes, namely, the ketones, xanthones, and phenylated 
pheno-y-pyrones. Closely allied also to these is the anthraquinone 
series, which, however, contains no yellow dye-stuff coming under 


this head. 
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Ketone. Xanthone. Phenylated pheno-y-pyrone. Anthraquinone. 


Of the substances which gave this reaction with acids, quercetin 
and fisetin were known from the work of Herzig to belong to the 
third group, whilst it has since been shown that there is little doubt 
that morin (Bablich and Perkin, this vol., 792) also belongs to this 
class. Previously, no member of the second or xanthone group could 
be obtained for examination, and but one member of the ketones was 
available, and it was, therefore, pointed out that before attempting 
to assign a constitution for these compounds with acids, it was ad- 
visable to study the behaviour of members of all these groups in this 
respect. With this object, the investigation has been continued from 
time to time, the isolation or purification of many of the substances 
employed being necessarily slow. Though some of the results are of 
a negative character, not only are they interesting theoretically, but 
they tend to show that the property of reacting with acids is peculiar 
to and distinguishes the quercetin group from those other classes of 
yellow mordant dye-stuffs at present known. 

Ketone Group.—Of this class, “ alizarin yellow A ” (trihydroxybenzo- 
phenone), C,H;*CO-C,H.(OH),; [(OH);=1:2:3], and “alizarin 
yellow C” (gallacetophenone), C,H,(OH);*CO’CHs, were examined, 
but no compounds with an acid could be obtained from them. In the 
previous paper (loc. cit.), it was shown that maclurin (pentahydroxy- 
benzophenone) does not combine with acids, and as these three sub- 
stances may be considered as typical dye-stuffs of this group, it 
appears evident that the ketone colouring matters do not yield acid 
compounds. It is of interest to mention here that catechin from 
Catechu, kinoin from Malabar Kino, and cyanomaclurin from 
Artocarpus integrifolia, also do not yield these compounds with acids. 
The constitution of these substances is not known, but in some 
respects their properties are similar to those of the ketone group. 

Xanthone Group.—Those selected for examination were gentisin, 
the colouring matter of gentian root (Kostanecki and Tambor, 
Monatsh., 1895, 15, 1); datiscetin obtained from the glucoside 
datiscin which exists in Datisca cannabina (Schunck and Marchlewski, 
Annalen, 1894, 2'7'7, 261), and euxanthone. The constitution of 
these is given in the former paper. Asa result it was found that 
they yielded no compounds with mineral acids. 

Various members of the Anthraquinone group. also gave nega- 
tive results. The compound of purpuroxanthin with acetic acid 
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3C,,H,0,,2C,H,O,, (Plath, Ber., 1877, 10, 615), is interesting, but 
this is rather a case of acetic acid of crystallisation, than of an acid 
compound such as those described in this paper. A somewhat 
similar product is that from rhamnazin (Trans., 1895, 67, 498), 
C7H,,0;,C,H,O2, which I obtained in a similar way by crystallising 
this substance from acetic acid. 

Quercetin Group.—The colours of this class previously examined 
were quercetin, rhamnetin, rhamnazin, fisetin, and morin. Since 
then, however, the acid compounds of luteolin (this vol., 208), and 
myricetin (ibid., 1287), have been described, and at the same time it 
was shown that these colouring matters beara close relationship to 
quercetin and fisetin. The various compounds of these colouring 
matters with acids which have been obtained are given in the follow- 
ing table. 
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Mpricetin, 
Quercetin, 


C,;Hi0O, 
C,;H 90; 


Rhamnetin, C,gH,,0,; 
Rhamnazin, C);H,,0, 


Morin, 


C\;H,905,H.S O, 

iso ? SO, 
Ci¢H20;,H SO, 
C,;H,,0;,HSO, 
C,;H,0¢,HSO, 


C,;H 0s, HBr 
C,,H;907,H Br 
no compound 


C,;H,00;,HBr 


C,5Hp0,,HCl* 
C,,H,90;,,HCl* 
no compound 


C,3H00;, HCl 


C,;H,90,,H1* 
C,;H,o0;,HI* 
no compound 


©,;H,0;,HI* 


C,H y9O¢,H2SO, |C,;H 1904, H Br, H20 | C,;H90¢,HCl,H,0 
C15H90¢,H2SO, | C,;H9O¢,H Br C,5H 1906, HCl* 


Luteolin, 
Fisetin, 


C,H 100¢,HI* 
| CisH90, HI" 


C,5H 190, 


Those marked with an asterisk have not previously been analysed, 
and this was due to the fact that with few exceptions these substances 
when heated to 100° are decomposed with evolution of acid. As 
previously shown (loc. cit.), this difficulty was avoided in the case of 
a hydrochloric acid compound (morin hydrochloride) by using a 
special method of analysis, and it now appeared desirable to examine, 
if possible, another of these unstakle compoands in a similar way. 

Quercetin hydrochloride, freshly prepared, was strongly pressed in 
order to remove as much adhering acetic acid as possible, suspended 
in water, and after standing 12 hours, the regenerated quercetin 
was collected ; it weighed 0°5552 gram; the chlorine in the filtrate 
corresponding to 10°72 per cent. ©,;HwO;,HCl requires Cl= 10°48 
per cent. 

Attempts were now made to analyse the hydriodic acid compound 
of quercetin, but with such unsatisfactory results that this was 
abandoned. This compound is rapidly decomposed on exposure to the 
air, evolving hydriodic acid even at 40°, and is probably very slowly 
attacked even when washed with acetic acid. 

Morin Hydriodide——The hydrobromic and hydrochloric acid com- 
pounds of this colouring matter resemble those of quercetin, but the 
sulphuric acid compound differs from those of the other colouring 
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matters of this group in that during its formation 1 mol. of water is 
eliminated ; thus its formula is C,,H,O.,H,SO,, and not 

CisH0;, SOx, 
as one would be lead to expect. It was interesting, therefore, to 
examine its hydriodic acid compound, and here again a further dis- 
tinction between the behaviour of morin and quercetin was observed, 
the compound being perfectly stable at 100°. 

0°1243 dried at 100° gave 0°1915 CO, and 0°0295 H,0. C = 42°01 ; 
H = 2°63. 

C,;H0;,HI requires C = 41°86; H = 2°55 per cent. 

Luteolin Hydriodide.—In contradistiction to the principal haloid 
acid compounds of the colouring matters shown in the above table, 
those of luteolin have been previously found (loc. cit.) to be exceed- 
ingly stable, undergoing no alteration even at the temperature of 
boiling aniline, and appearing to crystallise with 1H,0. It appeared 
probable, therefore, that its hydriodic acid compound would also be 
stable, and this was found to be the case. 

0°1273 gave 0°2048 CO, and 0°0292 H,0. C = 43:59; H = 2°53. 

01125 ,, 01790CO, ,, 0°0285H,O. C=43:39; H = 2°79. 

C,sHioO.,H1 requires C = 43°48. H = 2°65 per cent. 

This compound contains, therefore, no water of crystallisation, and 
differs in this respect from the hydrobromic and hydrochloric acid 
compounds. 

Friedlinder and Riidt (Ber., 1896, 29, 878) have lately obtained 
a colouring matter which they consider to be the first artificial 
member of the quercetin series, dihydroxyflavone, 


by the interaction of chlorogallacetophenone with benzaldehyde in 
the presence of alkali. Discussing the constitution of this dihydroxy- 
flavone in a second paper (ibid., 1753), they state that like the 
natural colouring matters it yields with mineral acids beautifully 
crystalline salts readily decomposed by water ; it, therefore, behaves 
in this respect like the members of the quercetin group above 
studied.* The only remaining member of this class which had not 

* Kesselkaul and Kostanecki in a later paper (Ber., 1896, 29, 1886) consider 
that the reaction proceeds in a different manner, the colouring matter being in 
reality not dihydroxyflavone but a benzylideneanhydroglycogallol, 


O- f 
CsH3(OH)2< G9 >C:CH-C,H;,. 
Io this Friedliiander and Riidt have not yet replied. 
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yet been examined was chrysin, the colouring matter of poplar buds, 
to which the following constitution has been assigned 


O 
POP >t 7 
“LL PS. 
Fae 
OH CO 

Some of this was prepared according to Piccard’s method (Ber., 
1873, 6, 884) but curiously enough was found to be incapable of 
combining with acids in this way. 

In concluding these experiments, it appeared of interest to examine 
the behaviour toward acids of some substitution products of these 
colouring matters, and for this purpose quercetin tetramethyl 
ether, dibromoquercetin, and tetrabromomorin were selected. The 
former yields with sulphuric acid, although with difficulty, an 
exceedingly unstable compound, crystallising in orange-red needles, 
but is not acted on by hydrobromic or hydrochloric acid. Its be- 
haviour is, therefore, identical with that of rhamnetin (quercetin 
monomethyl ether), described in the previous paper (loc. cit.). 

From dibromoquercetin and tetrabromomorin, acid compounds 
could not be obtained. 

In the previous paper (Joc. cit.), it was stated that these acid com- 
pounds on treatment with boiling acetic anhydride are decomposed 
apparently with production of the acetyl compound of the colouring 
matter. To be sure of this, quercetin sulphate was digested with 
boiling acetic anhydride without the addition of sodium acetate. The 
substance was quickly attacked, a colourless solution being almost im- 
mediately formed ; after heating for one hour, this was poured into 
water, and allowed to stand several days. As the acetylised product 
separated from the mixture with difficulty, a little alcohol was added 
and this greatly facilitated its deposition. The colourless precipitate 
was collected, and after crystallisation from alcohol, formed colourless 
needles, melting at 189—191°, and having the properties of acetyl- 
quercetin. 


Theoretical Considerations. 


The results of this investigation show that members of the ketone 
and anthraquinone group do not yield compounds with mineral acids, 
and that all members of the xanthone class here examined are also 
devoid of this property. On the other hand, all members of the 
quercetin or phenylated pheno-y-pyrone group, with the exception of 
chrysin, combine with acids, and, further, whereas the methyl ethers 
of quercetin reaet only with sulphuric acid, the bromine substitution 
products of quercetin and morin yield no compounds of this class. 
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This property of combining with acids is possessed, as previously 
described, by hematein and brazilein (loc. cit.) ;.from resacetein also, 
Nencki and Sieber (J. pr. Chem., [2], 23, 54) have obtained the com- 
pounds C,6H,0,,HCl + 2H,0 and (CisH2O,)2,H2SO,, but as the true 
constitution of the substances themselves is yet unknown, they possess 
at preseat but little interest. 

More interesting are the acid compounds of the phthaleins, of 
which fluorescein (Baeyer, Annalen, 1876, 183, 1) yields a sulphate, 

CoH.O0; + H,SO, = CoH,0,SO; + H,0, 
and orcinphthalein (KE. Fischer, Annalen, 1876, 183, 63) a hydro- 
chloride, C..H,O;,HCl. In a paper on the constitution of fluorescein, 
Nietzki and Schréter (Ber., 1895, 28, 50) describe a hydrochloric acid 
compound of colourless fluorescein diethyl ether, (1) which salt crys- 


tallises in intensely yellow needles, readily decomposed by water. To 
this they assign the constitution (II), based on the theory that 
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whereas in the free state fluorescein possesses a lactone group, that 
in the form of its salts and other coloured compounds it has a 
quinonoid structure, 


O 
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A close resemblance in fact can be traced between these compounds 
and the salts of the triphenylmethane and allied bases. 

In considering the constitution of the acid compounds of the 
quercetin group, 
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it appears to me that their formation may be represented in two 
ways: (1) either similarly to these phthalein compounds, or (2) by 
the saturation of the ethylene bond in the pyrone ring. Thus, taking 
fisetin hydrochloride as an example, its constitution would then be 


oO: \< Son 


‘- yar 
C:OH 


Unstable modification (not known). 


O H OH 
Ho \Z Son 


| out” 
ANZ CL. 
co 
Hydrochloride. Hydrochloride. 


In favour of this first formula is the intense orange to orange- 
red colour of these acid salts, compared with the pale yellow colour 
of the original substances.* Further, it is possible in this way to 
account for the non-production of acid salts from the substituted 
bromine derivatives. The quercetin compound studied by Herzig 
was found to be peculiar, in that by frequent recrystallisation it was 
slowly decomposed, and that by reducing agents it could be recon- 
verted into quercetin. This is no doubt due to the fact that the bro- 
mine substitution takes place in the phloroglucinol nucleus, for, as 
is well known, tribromophloroglucinol possesses somewhat similar 
properties. It is very probable that, on bromination, the hydroxyls 
adjacent to the bromine in dibromoquercetin assume the ketonic con- 
dition, the formula in this case being unsusceptible of change under 
the influence of acids, ‘ 
ai ae 
0; | ea 

yOH 


sal 


H 
\ 
DoH 


“#8 
o © 


Moreover, by this formula (I) the decomposition of these acid com- 
pounds by acetic anhydride can be understood, in that the acetyl 
compounds of these colouring matters exist only in the stable, 
colourless, or non-quinonoid form. 

The acid compounds of fluorescein and orcinphthalein (Joc. cit.) 
are, however, more stable than those of the quercetin group, for 
the former is not altered by washing with cold water and crystalli- 
sation from alcohol, and both require hot water to effect their decom- 


* Armstrong, “ Theory of Coloured Carbon Compounds ” (Proc. Chem. Soc.). 
VOL. LXIX. SE 
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position. In general properties, however, they appear to be very 
similar, and the above distinction appears easy to understand when 
the difference in constitution of these two groups of colouring 
matters is considered. 

Formula UI.—The difficulty with which the ethers of quercetin 
react with sulphuric acid, and their non-reaction with the haloid 
acids, distinguishes more markedly this class of colouring matter 
from that of the phthalein group, in so far as the latter has been 
examined in this respect. Fluorescein diethyl ether (loc. cit.), for 
instance, readily combines with hydrochloric acid. Taking the con- 
stitution at present assigned to luteolin, quercetin, and rhamnetin as 
correct, the effect on the stability of the haloid acid compounds pro- 
duced by the substitution of the hydrogen in the «-position in the 
pyrone ring by hydroxyl or methoxy! is remarkable. 


oO O 


H O OH 
yo: ae 
4% ee 


OH CO 


Luteolin. Quercetin. 


Rhamnetin. 


For instance (1) all haloid acid compounds of luteolin are stable 
when heated to 180°, moreover, the hydrochloride and hydrobromide 
appear to crystallise with 1H,0. 

(2) Quercetin hydrobromide is stable at 100°, but, when heated to 
this temperature, the hydrochloride and hydriodide are decomposed 
with evolution of acid. 

(3) Rhamnetin does not combine with the haloid acids. 

On this account the second constitution above given for these acid 
compounds suggested itself, namely, that which depends on the satu- 
ration of the ethylene bond in the pyrone ring. Experiments carried 
out in this way on the behaviour of chelidonic and meconic acids, 


co 
COOH’ NoH 


coon\ | : 


towards mineral acids added no support to this theory, for no addi- 
tive products were thus obtained, It is also noteworthy that neither 
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these acids nor the members of the quercetin group form additive 
compounds with bromine. 

The strong colour of the acid salts of the quercetin group appears 
so cogent an argument in favour of the quinonoid formula, that of 
the two it must be considered by far the more preferable. I am 
actively engaged in the study of natural yellow dye-stuffs, with the 
hope of isolating new members of this class. If such be obtained, 
the study of their behaviour with mineral acids should throw further 
light on the nature of this interesting reaction. 

From the above experiments it appears probable that the colour- 
ing matters of the xanthone class do not react with acids; but this 
cannot be absolutely decided until other members of varied constitu- 
tion are available for examination. Should this be the case, how- 
ever, this property of forming compounds with acids will be of value 
in that it can be employed as a means of distinguishing the members 
of the quercetin group from those other natural classes of non-nitrogenous, 
yellow, mordant dye-slufis which are at present known to exist. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College. 


XCIII.—Studies on Citrazinic acid. Part IV. 
By WitiiaM James Se xt, M.A., F.I.C. 


Introduction. 


Many years since, it was shown by Tiemann and Reimer (Ber., 1876, 
9, 423, 824) that by the interaction of sodium hydroxide and chloro- 
form with phenol a mixture of the sodium derivatives of salicyl 
and paroxybenzoic aldehydes was produced. Later, Tiemann and 
Lewy (Ber., 1877, 10, 2216) applied the same reaction to dihydroxy- 
benzene derivatives, notably to resorcinol, from which they obtained 
both a monaldehyde and a dialdehyde. This method, as is well 
known, has since been recognised as a general one for introducing 
the aldehyde group into the hydroxy] derivatives of benzenoid 
hydrocarbons. Up to the present time, however, no attempt seems to 
have been made to apply this reaction to derivatives of pyridine, 
although these compounds have many interesting relationships with 
benzene derivatives. 

The pyridine derivative chosen for the application of this inter- 
action was citrazinic acid, a substance to which the following con- 
stitutional formula (1) was assigned by Hofmann and Behrmann 
(Ber., 1884, 17, 2681), but which, as shown in this series of papers 
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(Trans., 1893, 1035; 1894, 28, 828) behaves in many respects as 
having the tautomeric one (II). 
COOH COOH 
C C 
SS 4, 
L. HC CH 11. HO CH, 
HOC OOH HOC CO 
\Z 4 
N N 
Assuming for our present purpose that citrazinic acid has the 
symmetrical constitution assigned to it by Hofmann and Behrmann, 
it will be noticed that each of the hydrogen atoms is in the ortho- 
position with regard to the hydroxyl group on the same side of the 
ring, and para to that on the opposite side. If, therefore, the same 
rule of displacement applies to pyridine derivatives as is observed in 
those of benzene, we should expect only one derivative containing a 
single aldehyde group to be possible, although of course there is not 
only the possibility, but the probability, of the introduction of two 
aldehyde groups into the molecule. 
These compounds would be represented by the formule 


COOH 
C COOH 


oN ZN. 
L HO C-CHO i, OHC: OCHO 
HO-C C-OH HO: ‘OH 
\Z W 
N N 


Working on the lines indicated above, the following compounds, 
amongst others, have been isolated and analysed. 

(1) The disodium salt of the monaldehyde, formed to the extent of 
more than 60 per cent. of the citrazinic acid taken. 

(2) The monaldehyde acid. 

(3) The oxime of the monaldehyde acid. 

(4) The phenylhydrazine salt of the hydrazone. 


EXPERIMENTAL. 


Sodium Salt of the Monaldehyde. 


Following the directions given by Tiemann and Lewy (Ber., 1877, 
10, 2216) in their research on resorcinol, that to diminish the pro- 
portion of bye-products a less amount of the hydroxy-compound 
should be taken than is the case with phenol, the following pro- 
portions of the materials were found to work well in practice, no 
citrazinic acid being left unacted on. 25 grams of citrazinic acid, 
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200 of soda, and 125 of chloroform were mixed in a capacisus flask 
connected with a reflux condenser, and heated by a small flame for 
about six hours, the termination of the action being shown by the 
colour which from the first is of a deep reddish-purple, gradually 
fading to a yellowish-brown. The filtered liquid on being saturated 
with carbon dioxide gave a copious precipitate of crystalline matter 
which, after draining by the aid of the pump and recrystallisation, 
consisted of the disodium salt of the monaldehyde. This crystallises 
from warm water in cream-coloured, nodular masses composed of 
opaque needles containing 2H,O. If, however, the solution, saturated 
at the ordinary temperature, be cooled down, the crystals deposited 
are large, faintly coloured, transparent prisms with 5H,0. As a rule, 
however, the solution, after concentration, remains in a condition of 
supersaturation, and, on being induced to crystallise at the tempera- 
ture of the laboratory (about 15°), deposits chiefly the form with 
2H,0, mixed, however, with a small percentage of the other form. 
A typical specimen of the substance deposited under these conditions 
gave the following numbers on analysis. 


0°175 lost at 181° 0°027 H.O. H,O = 15°42. 

0°3595 gave 0°1865 Na,SO,. Na = 16°80. 

0231 4, 0121 - Na = 16°96. 

02125 ,, 9°71 c.c. moist nitrogen at 15° and 783 mm. N = 5°52. 

01875 ,, 87lec. ,, % i9° ,. 75 , W=85%l. 
C,H,;NO;Naz,2H,0 requires N = 5°32; Na = 17:49; H,O = 13°68 p.c. 


The transparent, faintly yellow crystals, which are somewhat 
efflorescent in dry air, gave the following nambers on analysis. 


0°473 lost 0°182 at 180°. H,O == 27°90. 

0'324 gave 0°1465 Na,SO,. Na = 14°62. 

0-727 ,, 0320 -,, Na-= 14-25. 

0251 ,, 97 ¢.c. moist ats at 16° and 758°8 mm. N = 4°49, 

0°2155 ,, 8°45 c.c. »  @o7 4, N = 454. 
C,H,;NO;Na2,5H,0 requires Td = 451; Na= 1451; H,O = 28:39 p.c. 


The Monaldehyde acid. 


When an aqueous solution of the sodium salt is mixed with excess 
of hydrochloric acid in the cold, a precipitate is produced consisting 
of spherical groups of needles which, after washing and drying, are 
faintly yellowish ; it is slightly soluble in cold, more readily in hot 
water, as also in alcohol, ether, and acetone. If, however, heat is 
applied in effecting solution, the liquid becomes coloured, and the 
recrystallised product is invariably so; this is owing to the occurrence 
of a certain amount of decomposition with formation of a purple-red 

5E2 
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substance, the nature of which is at present under investigation. On 
the application of heat, the crystals lose their water of crystallisation 
at about 130—140°, and at higher temperatures become purple-red, 
and finally blacken without melting. The substance does not restore 
the colour to a solution of magenta decolorised by sulphurous acid 
(Schiff’s reaction), and does not reduce Fehling’s solution. The 
silver salt may be precipitated from a solution of the normal sodium 
salt and dried at 100° without change, but if the solution be first 
rendered alkaline by sodium hydroxide, metallic silver is formed on 
heating. 

The precipitated aldehyde gave the following results on analysis. 
The numbers refer to the undried substance, unless otherwise stated. 


I. 0°5504 lost 0°0489 at 127°. H,O = 8°88. 

II. 0-440 ,, 0390 ” H,O = 8°86. 
III. 0°2310 gave 0°3885 CO, at 0°057 H,O. C = 45°86; H = 2°74. 
IV. 0°202 » 13:12¢.c. nitrogen at 15° and 770mm. N = 7°70. 
V. 03485 ,, 21°6 cc. »  165°and 759mm. N = 7:30. 


Determinations III and IV were made on the dried substance, V on 
the undried substance. 


C,H,NO, requires C = 45°90; H = 2°73; N = 7°65; 
whilst C;,H;NO;,2H,O requires N = 6°96. H,O = 8:95 per cent. 


The Oxime. 


A specimen of the pure sodium salt, weighing 2 grams, was dis- 
solved in water, mixed with rather more than the calculated quantity 
for 1 mol. of hydroxylamine hydrochloride and a slight excess of 
sodium carbonate, and, after a few hours, the mixture was strongly 
acidified with acetic acid; a copious, pale yellow precipitate, consist- 
ing of fine needles, was thus obtained which, after washing with 
water and drying in air, formed specimen (1). 

Another specimen was prepared from 5 grams of sodium salt, using 
two molecular proportions of the hydroxylamine salt with the calcu- 
lated amount of sodium carbonate, allowing the mixture to stand over 
night, and precipitating by a slight excess of dilute hydrochloric 
acid. This is sample (2). A third specimen (3) was prepared 
exactly as in (2), except that only one molecular proportion of hydr- 
oxylamine salt was employed. The determination I was made witb. 
specimen (1), II and III with (2), and IV with (3). 

I. 0°3037 lost 0°0252 at 97°. H,O = 8:29. 
II. 02275 ,, 00187 ina vacuum. H,O = 826. 

III. 0°21 gave 23°2 c.c. nitrogen at 15° and 770 mm. N = 13:11. 

IV. 016 ,, 17°75 c.c. nitrogen at 15° and 770 mm. N = 13:16. 
Calculated for oxime with J mol. of water, N = 12°96; H,O = 8°33 p.c. 
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Phenylhydrazine Salt of the Hydrazone. 


The effect of phenylhydrazine acetate on a solution of this alde- 
hyde acid is not to.give the simple hydrazone, but, as would be 
expected, its very stable phenylhydrazine salt; to prepare this, the 
aqueous solution of the sodium salt is acidified with acetic acid and 
mixed with a solution of phenylhydrazine acetate, when the solution 
immediately becomes semi-solid from the deposition of this salt in 
long, yellow needles. These were collected, and, after washing with 
hot water, in which they are but very slightly soluble, recrystallised 
from methylated spirit. The crystals, dried in a vacuum, gave the 
following results on analysis. 

The samples analysed were from two different specimens of the 
sodium salt, No. 1 from one specimen, and the others from a different 
one. 


0°1392 gave 22°6 c.c. nitrogen at 18° and 7550 mm. N = 18°62. 

01135 ,, 17°75 ‘ 17° ,, 7664mm. N = 18:28, 

01195 ,, 18°75 ue 18° ,, 7664mm. N = 18°22. 
C,sHiyN;O, requires N = 18°37 per cent. 


Before concluding, it may be remarked that one of the most 
interesting of the subsidiary products of this reaction, of which only 
a partial study has as yet been made, is a very stable and sparingly 
soluble acid which is formed to the extent of about 5 per cent. of the 
citrazinic acid taken. Analysis indicates its empirical formula to be 
C,H;NO,, but a study of its salts and nitro-derivative renders it certain 
that some multiple of this would more correctly represent its molecu- 
lar formula. In conclusion I have much pleasure in expressing my 
thanks to Mr. T. E. Tadman, B.A., Scholar of Queen’s College, for 
his assistance in the analytical work recorded in this paper. 


University Laboratory, 


Cambridge. 


XCIV.—The Action of certain Acidic Oxides on Salts 


of Hydroxy-acids. III. 
By Georcrt G. Henperson, D.Sc., M.A., and Joun M. Barr. 


Compounps formed by the interaction of antimonious oxide with 
potassium hydrogen mucate and potassium hydrogen malate respec- 
tively were described in a former communication to the Society 
(Trans., 1895, 6'7, 1030), but, as the analysis of these substances 
showed that their composition was somewhat complex, it appeared 
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desirable to prepare other similar salts in order to confirm the for- 
mul assigned to the first. This has now been done, and the action 
of arsenious oxide on primary mucates and malates has also been 
examined, with the results detailed below. In addition, the action 
of antimonious and arsenious oxides on salts of certain hydroxy- 
benzoic acids has been studied, and the investigation of the be- 
haviour of those acidic oxides towards salts of certain typical 
hydroxy-acids has thus been completed. Our experiments were then 
extended to other acidic oxides, and we selected in the first place 
molybdenum and tungsten trioxides, and in the second place silicon 
and titanium dioxides. Compounds of the two former oxides with 
primary tartrates are described below; titanium dioxide appears to 
form compounds which are at present under investigation ; silicon 
dioxide, on the other hand, apparently does not react directly with 
primary tartrates. 


Antimonious Oxide and Primary Malates. 

Ammonium antimoniomalate was prepared and purified in the same 
way as the potassium salt already described (Joc. cit.), observation of 
the same precautions being necessary in order to obtain a satisfactory 
yield, for in this case also the action of the oxide on the malate 
proceeded very slowly, and prolonged heating of the solution was 


essential. The new salt was obtained in large, colourless crystals, 
which are easily soluble in water and fairly soluble in dilute alcohol ; 
it decomposes when heated to about 115°, giving off ammonia, and 
leaving a brown residue which is insoluble in water. The salt also 
decomposes when an aqueous solution is boiled for a short time, 
unless excess of antimonious oxide is present. The addition of 
caustic alkalis or mineral acids to the solution causes immediate de- 
composition. Analysis of the salt, dried in air, gave the following 


Calculated for 
Found. 28 b,O (C,H,O;NH 4)4:Sb,0 (C,H;0;) 420H,0 . 
25°17 
12°55 

The water was determined in a vacuum over sulphuric acid. 

The composition of the potassium salt agrees better with a formula 
similar to the one given above than with that previously assigned to 
it. Found, Sb = 25°59, K = 11°42, H,0 == 4°32; calculated for 

2Sb,0(C,H,O;K),,Sb,0(C,H;0;),,7H,0. Sb = 25°76; K = 11:17; 
H,0 = 4°51. 

It will be seen that the formule assigned to these compounds repre- 
sent them as double salts. No simpler compounds could be obtained 
from them by any of the methods employed. 
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Antimonious oxide dissolves slowly in a boiling solution of sodium 
hydrogen malate, and after removal of unaltered malate by crystalli- 
sation, the addition of alcohol to the solution causes the precipita- 
tion of a thick, colourless syrup, which, when tested qualitatively, 
was found to contain antimony in abundance, sodium, and organic 
matter, and which, no doubt, consisted principally of sodium anti- 
moniomalate. We did not succeed, however, in obtaining the pure 
salt in a crystalline condition, and the syrup underwent spontaneous 
decomposition on standing. 


Arsenious Oxide and Primary Malates. 


As formerly stated, although arsevious oxide dissolves freely in a 
solution of potassium hydrogen malate, attempts to obtain a com- 
pound corresponding to the antimony salt were unsuccessful. Ex- 
periments with the primary sodium and ammonium salts likewise 
failed, although, in the case of the latter, the existence of a compound 
was at least indicated. On boiling the oxide in a solution of the 
primary ammonium salt for some time, allowing excess of oxide to 
crystallise out, and then adding alcohol, crystals separated which 
were found to contain 12—13 per cent. of arsenic. They were fairly 
soluble in cold water, but always decomposed when subjected to 
purification. A salt corresponding in composition to the antimony 
compound would contain 17°37 per cent. of arsenic, and the 
crystals obtained might be a mixture of this with a little unaltered 
malate. The preparation of a barium salt was also tried, but without 
success. 


Antimonious Oxide and Primary Mucates. 


Ammonium antimoniomucate, like the potassium salt (loc. cit.), was 
obtained by boiling antimonious oxide for several days with a solu- 
tion of the primary mucate. On concentrating the solution, a 
powder separated, which, after recrystallisation from hot water and 
drying in the air, gave the following figures on analysis. 

Calculated for 
Found.  28bO{NH,)0;Hs0.,(NH,)C,H,0,,7H,0. 
° 22°26 
se cccceee ; 11°70 


From these figures the compound would appear to be a double salt, 
but whether this be so or not, it behaves exactly like the potassium 
compound when it is recrystallised several times, namely, its. com- 
position changes, and the simple salt is finally obtained. This is 
seen by the following analysis of the salt prepared by recrystallising 


the original substance until the percentage of antimony remained 
constant. 
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Calculated for 
Found. SbO(NH,)C,H,0,,3 H,0O. 


28°82 
12°98 

The water was determined in a vacuum over sulphuric acid. The 
salt is thus obtained in the form of a white, finely crystalline powder, 
only sparingly soluble in cold, but fairly in hot water. In its other 
properties it closely resembles the potassium salt. 

In preparing sodiwm antimoniomucate, SbONaC,H,.0,,3H.,0, a 
similar process was employed, but there was this difference, that the 
crude product, when recrystallised twice, had a composition agreeing 
with that calculated for the simple salt, there being no appearance of 
the formation of an intermediate substance. 


Calculated. 
28°50 
12°82 
The sodium salt is also a crystalline powder, rather more soluble 
in water than the potassium and ammonium salts, but very like them 
in other respects. 
On the addition of barium acetate to a solution of the sodium salt, 
a white precipitate forms after a short time. The powder, washed 
with water and dried in air, was found to contain 24 per cent. of 
antimony, but decomposed when it was heated with water with the 
object of purifying it by recrystallisation. A barium salt corre- 
sponding to the sodium salt would contain 25 per cent. of antimony. 


Arsenious Oxide and Primary Mucates. 


As already stated, the arseniomucate of potassium, owing to its 
instability, could not be obtained in a state of purity: The same 
results followed when the preparation of sodium and ammonium salts 
was tried, for though the oxide dissolved freely in solutions of both 
salts, and gave crystalline products containing considerable quantities 
of arsenic, the instability of these was such that no definite com- 
pounds could be prepared free from admixture with unaltered 
mucates. 


Antimonious and Arsenious Oxides and Mandelates. 


In experiments on the action of these oxides on alkali lactates, 
thick syrups were obtained containing some antimony or arsenic 
respectively, but they could not be further purified, and when a solu- 
tion of barium lactate was used the results were practically the same. 
Hence, instead of lactates, we took the alkali salts of mandelic 
(phenyl-lactic) acid, which crystallise well, in the hope of obtaining 
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crystalline products, but it was found that antimonious oxide was 
almost insoluble in solutions of these salts, and that, although 
arsenious oxide dissolved to some extent, apparently it formed no 
compounds with the mandelates. 


Antimonious and Arsenious Oxides and Salicylates and Gallates. 


Having found that antimonious and arsenious oxides react with 
the salts of various alcohol acids to form definite compounds, we 
proceeded to examine the behaviour of these oxides towards hydroxy- 
benzoic acids, selecting in the first instance salicylic and gallic acids. 
The oxides were added to boiling solutions of alkali salicylates and 
gallates respectively, but, even after prolonged boiling, no reaction 
took place. Antimonious oxide was practically insoluble in the 
solutions, and arsenious oxide merely dissolved to the usual extent in 
the water of the solutions without forming any compounds with the 
salts present. In view of these results, experiments with hydroxy- 
benzoic acids were not further prosecuted. 


Molybdenum Trioxide and Primary Tartrates. 


To a boiling, aqueous solution of sodium hydrogen tartrate 
(2 mols.), molybdenum trioxide (1 mol.) was added in small quanti- 
ties until all was dissolved; the solution was then filtered, concen- 
trated on the water bath, cooled, and mixed with alcohol, when a 
white, crystalline powder was precipitated. The crystals were puri- 
fied by dissolving them in water and reprecipitating with alcohol, 
repeating the process several times, and finally drying in air. 

Calculated for 
Found. MoO,(NaC,H,O¢)2,3H,0. 
18°32 
10°30 

The water was determined in a vacuum over sulphuric acid. 

Sodium molybditartrate was thus obtained in the form of a white, 
crystalline power, easily soluble in cold water, but only sparingly in 
dilute alcohol. When exposed to light, or when heated to about 90°, 
it decomposes, turning brown. If an aqueous solution is boiled for 
some time, it turns blue, pointing to decomposition of the salt and 
reduction of the molybdic acid, and the addition of alkalis or mineral 
acids also causes decomposition. 

Molybdenum trioxide was also found to dissolve in a boiling, 
aqueous solution of potassium hydrogen tartrate, the same propor- 
tions being taken as in the preparation of the sodium salt, and, on 
the addition of alcohol to the solution, a gelatinous precipitate was 
formed, which solidified on standing in contact with the mother 
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liquor. The crystalline powder obtained in this way was very soluble 
in water, but only sparingly in dilute alcohol, and, like the sodium 
salt, it decomposed on exposure to light or heat; no doubt, it was 
the corresponding potassium salt, but, owing to its instability, which 
rendered purification difficult, it was not analysed. 

When ammonium hydrogen tartrate was used, the molybdenum 
trioxide was again found to dissolve, and, when alcohol was added to 
the solution, a gelatinous precipitate was thrown down; but this 
compound could not be obtained in a crystalline state. 


Tungsten Triowide aud Primary Tartrates. 


Sodium tungstitartrate was prepared by adding tungsten trioxide 
(1 mol.) to a boiling aqueous solution of sodium hydrogen tartrate 
(4 mols.) in small quantities until all was dissolved. In this case it 
was necessary to use excess of the tartrate, for otherwise some 
decomposition took place, and the solution turned blue when boiled 
for any length of time. When dissolution of the oxide was com- 
pleted, the solution was concentrated on the water bath, the excess of 
tartrate removed by crystallisation, and alcohol added to the liquid; a 
colourless syrup was then precipitated, which solidified after standing 
for some time in contact with the mother liquor. The crystals were 
purified by dissolving them in water and reprecipitating with alcohol, 
the operation being repeated until the composition was constant. 
The salt was dried in the air and analysed. 


Calculated for 
Found. WO,(Na0,H,0,):, 5H,O. 


28°39 
13°88 


The water was determined at 100°. 

The salt crystallises in white plates, which are easily soluble in 
water, but only sparingly in dilute alcohol. It begins to decompose 
when heated to about 100°, and the addition of alkalis or mineral 
acids to the solution also causes decomposition. 

Potassium tungstitartrate, WO,(KC,H,O,).,4$H,0, was prepared 
and purified ina similar manner. Like the sodium salt, it is pre- 
cipitated by alcohol as a colourless syrup, which solidifies on standing. 
It is then obtained as a white, crystalline powder, fairly soluble in 
hot, but only very sparingly in cold water. It is decomposed by 
heat, and by the addition of alkalis or mineral acids to its solution, 
or when its aqueous solution is boiled for any length of time. 
Analysis of the air-dried salt gave the following figures. Found, 
W = 28:03, H,O = 12°85; calculated, W = 27:42, H,O = 12°07. 

The same process was used in preparing the ammonium salt, and 
crystals were obtained, of which the composition approximated 
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to the formula WO,(NH,C,H,0,).,2H,0, but the salt was not prepared 
free from all impurity, as it readily decomposes when heated with 
water. 

The barium salt is precipitated on adding barium acetate to a solu- 
tion of the sodium salt; it is a white powder, insoluble in water. 
Analysis of the washed and air-dried precipitate gave the following 


Calculated for 
Found. WO,(C,H,0,).Ba. 


28°35 


Chemical Laboratory, 
Glasgow and West of Scotland Technical College. 


XCV.—Some Derivatives of Propionic acid, of Acrylic 
acid, and of Glutaric acid. 
By Wiutui1am Henry Perkin, jun. 


THESE researches originated in an attempt to prepare synthetically an 
acid of the formula 


CH:COOH 
H a 
Le OCH) 
ae. 
G(CH,):COOH 


which Bredt (Ber., 1893, 26, 3049) first proposed as being a very 
probable expression of the constitution of camphoric acid. 

The starting point selected was aBA-trimethylpropionic acid (methyl- 
isopropylacetic acid), and this was prepared by a method already 
described by Romburgh (Rec. 'rav. Chim., 1886, 5, 236), namely, the 


distillation of methylisopropylmalonic acid. 
CH(CH;).*C(CH;)(COOH), = CH(CH;).CH(CH;)-COOH + CO. 


The very carefully purified acid was then converted into ethylic 
2-bromotrimethylpropionate, CH(CH;)."CBr(CH;)*COOC,H;, by first 
treating it with phosphorus and bromine (Hell, Ber., 1881, 14, 891; 
Volhard, Annalen, 1887, 242, 161), and subsequently pouring the 
product into absolute alcohol. 

If now this ethereal salt were treated with alcoholic potash, it 
should yield an unsaturated acid, C,H,.0,, and in the formation 
of this acid it was anticipated that the elimination of hydrogen 
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bromide would take place between the bromine atom and the 
B-hydrogen atom marked * thus: 


CH(CH,),-CBr(CH,)‘COOC,H, + 2KOH = 
C(CH,),;C(CH,)-COOK + C,H,OH + KBr + H,0, 


with formation of «8p-trimethylacrylic acid, and not between the 
bromine atom and a hydrogen atom of the a-methyl group, to form 
a-isopropylacrylic acid, 
CH(CH;).-CBr(CH;)-COOC,H; + 2KOH = 
CH(CH;).C(:CH,)-COOK + C,H;OH + KBr + H.O, 


because it is generally found that the hydrogen atom in the CH of 
the isopropyl group reacts much more readily than the hydrogen 
atoms in methyl or ethyl groups. 

Now, as Auwers and many others have shown, the ethereal salts of 
af-unsaturated acids readily condense with the sodium derivative of 
ethylic malonate, forming additive products; for example, in the 
case where ethylic acrylate is employed, the substance formed is 
ethylic propanetricarboxylate : 


(COOC.H;),CH, + CH,:CH:COOC,.H, = 
(COOC,H;).CH-CH,°CH,-COOC,H;. 


As this reaction takes place in all the cases which have so far been 
investigated, it seemed probable that if ethylic trimethylacrylate 
were digested in alcoholic solution with the sodium derivative of 
ethylic malonate, a similar condensation would take place, and that 
ethylic trimethylpropanetricarboxylate would be formed, thus : 


(COOC,H,),CH, + C(CH,).:C(CH;)COOC,H, = 
(COOC,H;):CH:C(CH,)sCH(CH,):COOC,H:;. 


This ethereal salt would be a most interesting substance in many 
ways, as, apart from the capability, which it would possess, of form- 
ing a sodium compound, 

(COOC,H;),CNa*C(CH;).°-CH(CH;)*COOC,H,, 


and its consequent value in synthetical work, it would, on hydrolysis, 
yield a tribasic acid, which, when heated, would lose 1 mol. of 
carbon dioxide, with formation of «BA-trimethylglutaric acid. 


(COOH),CH-C(CH,),CH(CH,)‘COOH = 
COOH:-CH,C(CH;)..CH(CH,;)-COOH + CO,. 


It would be very interesting to synthesise this acid, in order to 
compare the synthetical acid with an acid which L. Balbiano (Ber., 
1895, 28, 1507) obtained from a product of the oxidation of cam- 
phoric acid with cold potassium permanganate, and which this chemist 
considers to be a8A-trimethylglutaric acid. 
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In using ethylic trimethylpropanetricarboxylate for the synthesis 
of camphoric acid, it was next proposed to treat its sodium derivative 
with ethylene chlorhydrin, in order in this way to prepare ethylic 
hydroayethyltrimethylpropanetricarboxylate, thus : 


(COOC,H;).CNa-C(CH;).-CH(CH;)-COOC,H; + CH,Cl-CH,0H 
= (COOC.H;).°C(CH.-CH,OH)-C(CH;)."C H(CH;)-COOC,H,; 
+ NaCl, 


a decomposition which might be expected to proceed in this way, since 
a strictly analogous reaction, namely, the synthesis of ethylic hydr- 
oxyethylacetoacetate, CH;-CO-CH(CH,CH,-OH)-COOC.H;, by the 
interaction of ethylene chlorhydrin with the sodiam compound of 
ethylic acetoacetate, has been accomplished by Chanlarow (Annalen, 
1884, 226, 326). 

On hydrolysing the ethereal salt thus obtained, the corresponding 
tribasic acid would be formed, and this, as it is a derivative of malonic 
acid, should, when carefully heated, lose 1 mol. of carbon dioxide, 
with formation of hydroxyethyltrimethylglutaric acid. 


(COOH),C(CH,-CH,-0H)-C(CH,),-CH(CH,)-COOH = 
COOH-CH(CH,°CH,°OH)-C(CH;),.-CH(CH;)-COOH + CO.. 


Lastly, as Bredt’s formula for camphoric acid represents this sub- 
stance as containing a 5-carbon ring, and as this ring is generally 
produced with great ease, it seemed possible that, by treatment with 
dehydrating agents, or by other means, an acid of this formula might 
be formed by the simple elimination of water from hydroxyethyl- 
trimethylglutaric acid, thus: 


CH:-COOH CH:COOH 

on™. i 
CH pt, DOCH): + HO. 
ri ae /C(CHs)2 = es 4 

| nGcH, G-CH; 

Bibs soon COOH 


In investigating the various reactions described above, very un- 
expected difficulties were met with, necessitating a very careful 
examination of the methods of preparation and behaviour of a large 
number of interesting substances which had not previously been pre- 
pared, and I beg now to lay before the Society an account of some of 
the experiments which have, so far, been carried out, reserving the 
description of the others for a future occasion. 

As preliminary experiments soon showed that the preparation of 
pure a-trimethylpropionic acid, CH(CH;)..CH(CH;)-COOH, in 
quantity required much time, aud was a matter of considerable diffi- 

5F2 
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culty, and as the preparation is a very expensive one, it was thought 
best, in the first place, to experiment with isovaleric acid (8A-di- 
methylpropionic acid), CH(CHs).CH,COOH, in order to discover 
the conditions which would probably be most favourable for the sub- 
sequent work with the trimethyl acid. 

Pure isovaleric acid was brominated in the presence of phosphorus: 
in the usual way, and the product converted into ethylic a-bromo- 
valerate, CH(CH;).,;CHBr-COOC,H;, by treatment with alcohol, the 
conditions for obtaining the best yield being carefully determined. 

In order now to eliminate hydrogen bromide from this brominated 
ethereal salt, it was either hydrolysed by means of alcoholic potash, 


CH(CH,),,CHBr-COOC,H; + 2KOH = 
C(CH,).;CH:COOK + C;H,OH + KBr + H,0, 


or digested with quinoline (compare Weinig, Annalen, 1894, 280). 

In the first case, dimethylacrylic acid is at once obtained, whereas, 
in the second case, its ethereal salt is produced, and as in the subse- 
quent experiments the latter was nearly always required, the second 
method was most frequently employed. Dimethylacrylic acid has 
already been described by various investigators (see p. 1469): it is a 
beautifully crystalline acid, which melts at 70°; ethylic dimethyl- 
acrylate is a colourless oil and boils at 155°. 

The condensation of ethylic dimethylacrylate with the sodium 
derivative of ethylic malonate was next investigated, and found to 
proceed normally, ethylic dimethylpropanetricarboxylate being formed, 
thus: 


(COOC,.H;).CH, + (CH;).C:CH-COOC,H; => 
(COOC,.H;),.CH-C(CH;)."CH,-COOC,H;. 


Bat the determination of the conditions for obtaining the best yield 
of this condensation product gave a considerable amount of trouble, 
as, in working under the conditions usually employed, only a very 
small yield of the substance is obtained ;* ultimately, however, a 
method was devised by which it is possible to prepare considerable 
quantities of this ethereal salt. Ethylic dimethylpropanetricarboxy-. 
late is a colourless oil, which boils at 203° (60 mm.); on hydrolysis,. 


* An abstract of this work on ethylic dimethylpropanetricarboxylate containing 
a description of 88-dimethylglutaric acid and some of its derivatives, appeared 
some time since in the Proceedings (W. Goodwin aud W. H. Perkin, jun., 1894, 
64). Auwers (Ber., 1895, 28, 1130; Annalen, 1896, 292, 145), not knowing of 
this publication, subsequently investigated the same subject, and obtained results 
which confirm, in a welcome way, those described here. Auwers also noticed that 
the yield of ethylic dimethylpropanetricarboxylate, obtained by condensing ethylic 
dimethylacrylate with the sodium derivative of ethylic malonate under the ordinary 
conditions, was very small, being only about 8 per cent. of the theoretical. 


OF ACRYLIC ACID, AND OF GLUTARIC ACID. 1461 


it yields the corresponding tribasic acid (m. p. 173°), and this, when 
heated at 200°, loses carbon dioxide, with formation of 88-dimethyl- 
glutaric acid. 


(COOH).CH-C(CH;),.-CH, COOH = 
CO, + COOH’CH,-C(CH;).°CH,-COOH. 

This melts at 101°, and, when treated with acetic anhydride, is 

converted into the anhydride, C(CH,):<(4* gg>0, which melts at 
2 

124°, or 23° higher than the acid itself, a very unusual thing, and 
especially interesting when it is remembered that camphoric acid, 
which is supposed by Bredt to be a derivative of dimethylglutaric 
acid, yields an anhydride which melts 29—30° higher than the acid 
itself does. 

Dimethylacrylic acid yields a well characterised anilic acid, 
COOH:CH.-C(CH;).*CH,,CO-NH:‘C,H; (m. p. 134°), and this, at its 
boiling point, is converted into the corresponding anil, 


CCH): < GH Go>NCHs, 
which melts at 156—157°. 

One of the most remarkable points in connection with this acid is 
its abnormally high dissociation constant, the value found by Dr. 
James Walker being K = 00200. Dr. Pfaff subsequently examined 
the acid obtained by Auwers and Avery (Annalen, 1896, 292, 147), 
and confirmed the above result, his determination giving the value 
K = 0°0220. The dissociation constants in the glutaric series gener- 
ally vary between 0°0050 and 0°0060, the only other exception to 
this rule, which has so far been observed, being, as Auwers points 
out, the a«a,-trimethylglutaric acid, 


COOH-C(CH,),CH,CH(CH;)-COOH, 


which has the low dissociation constant K = 0°0035. 

This point is again interesting in view of the possible connec- 
tion between camphoric acid and #f-dimethylglutaric acid, but in 
this respect the values for the two acids are widely different, the 
dissociation constant of camphoric acid (K = 0°00225) being 
abnormally low. 


While the above experiments were in progress and nearly com- 
pleted, a similar series of reactions, starting with «88-trimethylpropi- 
onic acid, CH(CH;)..CH(CH;)*COOH, in the place of isovaleric acid, 
were being pushed forward. 

In the first place, this acid was treated with bromine in the pres- 
ence of phosphorus, under the same conditions as those employed in 
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the case of isovaleric acid, and the product was decomposed by the 
addition of alcohol. In this way a very good yield of ethylic a- 
bromo-aBf-trimethylpropionate, CH(CHs)2°CBr(CHs)-COOH, was ob- 
tained as a colourless oil boiling at 130° (100 mm.) without decom- 
position. 

This ethereal salt, on hydrolysis with alcoholic potash, or when 
digested with quinoline, behaved, to all appearance, exactly as 
described above in the case of ethylic bromisovalerate, yielding, in 
the first instance, an oily acid boiling at 204—205°, and, in the second 
case, an ethereal salt boiling, not very constantly, at 162—167°; and 
for a long time it was believed that these reactions proceeded in the 
following manner : 


(1) CH(CH,),CBr(CH;)-COOCG,H, + 2KOH = 
C(CH,).:C(CH;)-COOK + KBr + H,O + 0,H,-0H; 
(2) CH(CH;)CBr(CH,)-COOC,H, = HBr + 
C(CHs)2-C(CH;)-COOC,H; ; 


that the acid was, in fact, trimethylacrylic acid, and the ethereal salt 
ethylic trimethylacrylate. 

As the work progressed it was, however, soon seen that it was 
most important to be perfectly sure that the constitution of these 
substances is that given above, and this was found to be a difficult 
matter, and entailed many months’ work. 

A quantity of the acid boiling at 200—205° was prepared by the 
hydrolysis of ethylic bromotrimethylpropionate, and also by the 
hydrolysis of the ethereal salt produced by digesting this bromo- 
ethereal salt with quinoline, the oily acid obtained in both cases appa- 
rently having the same composition. When this oily acid is allowed 
to stand for a long time in a cool place, it gradually deposits thick 
prismatic crystals ; these were collected and purified by recrystallisa- 
tion; they then melted at 70—71°, and were subsequently proved to 
consist of pure «B8-trimethylacrylic acid, C(CHs;).:C(CH;)-COOH. 
This scid combines with bromine to form «f-dibromo-aBp-trimethyl- 
propionic acid, CBr(CH;).CBr(CH;);COOH (m. p. 191°); with 
hydrogen bromide it yields 8-bromotrimethylpropionic acid, 

CBr(CH;).°CH(CH;)*COOH 


(m. p. 88°), and with hydrogen iodide, 8-iodotrimethy]lpropionic 
acid (m. p. 82°); the formation of these substances, which takes 
place almost quantitatively in each case, was used as a means of 
characterising and identifying the acid. 

In order to prove that the above acid was in reality trimethyl- 
acrylic acid, it was necessary to prepare it by some method which 
left no doubt as to its constitution, and this was ultimately accom- 
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plished by employing a reaction which was first devised by Frank- 
land and Duppa, and which has Jately come into some prominence 
owing to the researches of Reformatsky and others. 

Frankland and Duppa showed that a-hydroxy-derivatives of the 
fatty acids may be prepared synthetically by the action of zinc on a 
mixture of methylic oxalate and an alkylic haloid ; methylic hydroxy- 
isobutyrate, for example, is formed when zinc acts on a mixture of 
methylic oxalate and methylic iodide (Annalen, 1865, 133, 80) ; this 
reaction may be conveniently represented thus: 


COOCH; ‘ =e C(CH;)2OZnI 
- doocn, + 222 + 2C8! = boocn, 

((CH,),OZnl _ O(CH,),0H 
GOOCH, = GoocH, 


Reformatsky (Journal of the Russian Chemical Society, 1890, 22, 
49) subsequently extended this reaction to ketones and ethereal salts 
of a-halogen fatty acids, and succeeded in this way in synthesising 
f-hydroxy-fatty acids. As an example of this important method, 
the action of zinc on a mixture of acetone and ethylic monochlor- 
acetate may be given. 


I. (CH,),CO + CH,Cl-COOC,H, + Zn = 
C(CH;).(OZnCl)-CH;-COOC,H;. 
II. C(CH,)(OZnCl)-CH.COOC,H, + 2H,0 = 
OH-C(CH,).CH,COOC,H; + Zn(OH), + HCl. 


With the aid of this reaction, trimethylacrylic acid may be pre- 
pared in a way which clearly proves its constitution, and in carrying 
out the experiment on this point, I was fortunate in having the 
assistance of Dr. J. F. Thorpe. 

When a mixture of acetone and ethylic a-bromopropionate is 
treated with zinc, under suitable conditions, condensation readily 
takes place, with formation of a peculiar zinc compound, the reaction 
evidently proceeding in the following way : 


(CH;),.CO + CHBr(CH;)-COOC.H; = 
C(CH;),(OZnBr)-CH(CH,)-COOC,H;. 


This zinc compound is decomposed, on treatment with water and 
dilute sulphuric acid, with formation of ethylic B-hydrory-aBf-tri- 
methylpropicnate, a thick, colourless oil which distils at 105° (30 mm.) 
without decomposing. 


C(CH;).(OZnBr)-CH(CH;)-COOC,H; + 2H,.0 = 
OH-C(CH,),,CH(CH;)-COO0,H, + Zn(OH), + HBr. 


I + Zn(OCH,)IL 


II + 2H,0 + Zn(OH), + HI. 


This ethereal salt, on hydrolysis, yields the corresponding hydroxy- 
acid, a colourless oil which distils at 160°(35 mm.), and which is 
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very readily acted on by concentrated aqueous hydrobromic and 
hydriodic acids, yielding 8-bromotrimethylpropionic acid, 
CBr(CH;)..CH(CH;)-COOH, 

and f-iodotrimethylpropionic acid respectively, substances which are 
identical with the acids already mentioned as being produced by the 
addition of hydrogen bromide and hydrogen iodide to trimethylacrylic 
acid. Lastly, trimethylacrylic acid (m. p. 70°) is obtained when 
B-bromotrimethylpropionic acid is treated with alcoholic potash, 


CBr(CH,),;CH(CH,):COOH = C(CH,),;C(CH;)-COOH + HBr; 


and as this same acid is also formed by the elimination of hydrogen 
bromide from a-bromotrimethylpropionic acid, it can only have the 
constitution represented by the formula C(CHs)2:C(CH;)-COOH. 
These experiments proved conclusively that the ethereal ‘salt formed 
by the action of quinoline on ethylic a-bromotrimethylpropionate as 
described above, consists, certainly in part, of ethylic trimethylacry- 
late, and for a long time it was thought that it was composed wholly 
of this compound. On this assumption, the experiments on the con- 
densation of this ethereal salt with the sodium compound of ethylic 
malonate were proceeded with, and a condensation product was 
obtained, which was naturally supposed to be ethylic trimethylpro- 
panetricarboxylate, . 


(COOC,H;),CH:C(CH;)..CH(CH;):-COOC,H;. 


Unfortunately the yield of this new substance is very small, much 
smaller, indeed, than the yield of ethylic dimethylpropanetricarb- 
oxylate from ethylic dimethylacrylate, and a large number of experi- 
ments carried out under the most varying conditions failed to increase 
the yield to more than about 10 per cent. of the theoretical. 

The substances used in this reaction are so difficult to prepare that 
it was almost impossible to continue the experiments unless the yield 
of condensation product could be considerably increased, and in order 
to get over the difficnlty, experiments on the action of ethylic a- 
bromotrimethylpropionate on the sodium derivative of ethylic malon- 
ate were next instituted. In this decomposition, which takes place 
readily, it was, vf course, possible that the two substances would 
react normally, with formation of ethylic methylisopropylethanetri- 
carboxylate, thus— 

(COOC,H;).CHNa + COOC,H,CBr(CH;)-CH(CH;), = 

(COOC,H,),CH:C(COOC,H;)(CH;)-CH(CH;), + NaBr. 
but, judging from the behaviour of other a-bromo-ethereal salts, such 
as, for example, ethylic a-bromoisobutyrate, CBr(CH;)..~COOC,H,, 
under similar circumstances, it seemed probable that the reaction 
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would take place in two stages, that is, that ethylic trimethylacry- 
late, C(CH;).:C(CHs)*COOC,H;, would be first formed by the elimi- 
nation of hydrogen bromide, and that¢his unsaturated ethereal salt 
would then condense with the ethylic malonate present to form 
ethylic trimethylpropanetricarboxylate, as explained above. 

It was thought likely that, at the moment of formation, the ethylic 
trimethylacrylate might condense more readily with the ethylic 
malonate, and give a larger yield of condensation product. Both 
these assumptions were found to be correct, as not only did a careful 
comparison of the product obtained prove that it was identical with 
the condensation product obtained on digesting the sodium derivative 
of ethylic malonate with the supposed ethylic trimethylacrylate as 
described above ;* but the yield was also considerably larger, being, 
indeed, sometimes considerably over 20 per cent. of the theoretical, 
and as this method of preparation involves fewer operations, and 
therefore requires much less time, it was used in all subsequent 
preparations of this ethereal salt. 

In the course of a careful investigation of the condensation pro- 
duct obtained by either of the above methods, several facts came to 
light which made it doubtful whether, after all, the substance was 
really ethylic trimethylpropanetricarboxylate. The condensation 
product, on hydrolysis, yields a beautifully crystalline tribasic acid, 


which, when heated at 200°, readily loses 1 mol. of carbon dioxide, with 
formation of acrystalline dibasic acid, which should be «88-trimethyl- 
glutaric acid. 


' (COOH),CH-C(CH;),.-CH(CH;)*COOH = 
CO, + COOH-CH,°C(CH;).*CH(CH;):COOH. 


The acid thus produced is very similar to the acid which Balbiano 
(Ber., 1895, 28, 1507) obtained from camphoric acid, and which is 
very probably 28A-trimethylglutaric acid; the former melts at 94—95°, 
and gives an anilic acid, meltingat 158—159°, whereas the latter melts 
at 89°, and yields an anilic acid melting at 150°, but the anhydrides 
of the two acids differ considerably, that from the acid obtained by 
me melting at 53°, whereas the anhydride of Balbiano’s acid melts at 
80—81°. 

But, because the acid is not identical with Balbiano’s acid, it does 
not prove that it is not aff-trimethylglutaric acid, for the reason 
that the constitution of Balbiano’s acid is not known with certainty ; 


* These experiments were conducted, in the usual manner, in alcoholic solution ; 
in xylene solution, also, the reaction proceeds in the same way, which is rather 
remarkable, as usually the unsaturated intermediate substance is not so readily 
formed from a-bromo-ethereal salts under these conditions, the product consisting, 
at all events to a large extent, of the normal ethane derivative. 
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the latter might, for example, quite well be a«f-trimetbylglutaric 
acid,” COOH-C(CH;)..CH(CHs)-CH,-COOH, nevertheless it seemed 
desirable to further investigate the subject, and, as the result, it was 
ultimately conclusively proved that the synthetical acid is not tri- 
methylglutaric acid, but «-isopropylglutaric acid, 
CH(CH;)..CH(COOH)-CH,-CH,-COOH. 


On oxidation with chromic acid the acid yields, besides acetic acid, 
only succinic acid, whereas from trimethylglutaric acid under these 
circumstances trimethylsuccinic acid should be formed. 


CH(CH,). CH(COOH)-CH,-CH,COOH. 
‘Isopropylglutaric acid. 


COOH: CH,-C(CH,).,CH(CH;)-COOH. 
Trimetbylglutaric acid. 


Subsequently it was shown that the acid is identical with the 
isopropylglutaric acid, which, for the sake of comparison, was syr- 
thesised by Mr. Heinke and myself from the product of the acticn 
of ethylic B-iodopropionate on the sodium compound of ethylic isc- 
propylmalonate, by hydrolysis and subsequent elimination of carbon 
dioxide. 


I. CH(CH;).-CNa{COOC.H;). + I-CH,CH,COOC,.H; = 
Nal + CH(CHs).*C(COOC,Hs).°CH,°C H,,;COOC,H:. 


II. CH(CH,),*C(COOH),-CH,CH,COOH = 
CO, + CH(CH,);;CH(COOH)-CH,CH,-COOH. 


A careful re-investigation of the whole matter showed that when 
ethylic a-bromotrimethylpropionate is treated with quinoline, the 
product does not consist entirely of ethylic trimethylacrylate, but is a 
mixture of this substance with ethylic a-isopropylacrylate, 


CH(CH,),*C(COOC,H;):CH;, 


the elimination of hydrogen bromide from the brom-ethereal salt 
having taken place in two directions. 


I. (CH,),CH-CBr(CO00,H,)-CH; = 
C(CH;)2:C(COOC,H;)-CHs + HBr. 


II. (CH,),CH-CBr(COOC,H;)-GH; = 
(CH,)2CH-C(COOC;H,):CH, + HBr. 


When these mixed ethereal salts are digested with the. sodium 
derivative of ethylic malonate, the ethylic isopropylacrylate alone 
enteis into the reaction. 
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(COOC.H;).CH, a CH,:C (COOC,H;) ‘-CH(CH;). ot 
(COOC.H;).C H-CH,-C H(COOC,H;)-CH(CH;),. 
Ethylic isopropylpropanetricarboxylate. 


The ethylic trimethylacrylate takes apparently* no part in the con- 
densation, and, indeed, the latter substance may be, at all events, 
partially recovered from the product of the action. 

This behaviour of ethylic trimethylacrylate is very remarkable, 
and, so far, without parallel; very probably the further investigation 
of the condensation of 28-unsaturated ethereal salts with the sodiam 
derivatives of ethylic malonate and allied compounds will show the 
nature and number of the groups, which, when attached to the 
double band, render the condensation a matter of difficulty, or, in 
some cases, prevent it altogether. 

During the course of these experiments, and while it was thought 
that the condensation product described above had the constitution, 
(COOC,H;),CHt-C(CH;).°CH(C H),-COOC,H,, experiments were being 
made on the introduction of the group -CH,°CH,-OH, at the point 
marked +, for the reasons given at the commencement of this paper. 
These experiments were not in the first instance actually made with 
this condensation product, owing to the great difficulty of obtaining 
it in any quantity, but with somewhat similarly constituted sub- 
stances which could be more readily prepared. Arguing from the 
results of Chanlarow’s experiments on the action of ethylene chlor- 
hydrin on the sodium derivative of ethylic acetoacetate (Annalen, 
1884, 226, 326), it seemed probable that the best way of achieving 
the object in view would be to treat the sodium compound of this 
condensation product with ethylene chlorhydrin, but although many 
experiments were made on the action of this substance on the sodium 
derivatives of ethylic methylmalonate, ethylic isopropy!lmalonate, and 
on the corresponding mono-substitution derivatives of ethylic aceto- 
acetate, in no case could more than traces of the hydroxyethyl sub- 
stitution product be isolated, the unaltered ethereal salt being in all 
cases recovered almost quantitatively. 

This want of success led to the investigation of the action of 
y-phenoxyethylic bromide, C,H;-O-CH,CH,Br, on the sodium deri- 
vatives of ethylic malonate, ethylic methylmalonate, and similarly 
constituted compounds; a description of these experiments, all of 
which gave satisfactory results, has already appeared in the Transac- 


* A careful examination of the mother liquors from the crystallisation of the 
isopropylpropanetricarboxylic acid resulting from the hydrolysis of the ethylic salt 
produced by the condensation failed to reveal the presence of even traces of tri- 
methylpropanetricarboxylic acid. This acid may, nevertheless, of course have been 
present in small quantity and have escaped detection. 


1468 PERKIN: SOME DERIVATIVES OF PROPIONIC ACID, 


tions of this Society (W. H. Bentley, E. Haworth, and W. a. 
Perkin, jnn., 1896, 69, 161). 

While this preliminary work was in progress, the action of 
phenoxyethylic bromide and sodium ethoxide on ethylic dimethyl- 
propanetricarboxylate was being investigated, becanse this ethereal 
‘salt is much more readily prepared than the substance now known to 
‘be ethylic isopropylpropanetricarboxylate. In this case it was 
expected that the reaction would proceed thus. 


(COOC,.H;).CNa°C(CH;)."CH,,COOC,H, + CH,BrCH,-0-C,H; = 
(COOC.H;),C(CH,°CH,°OC,H,)-C(CHs).°CH,,COOC,H; + NaBr. 
But on hydrolysing the product, an acid was obtained, which was 


not derived from an ethereal salt of this constitution ; this was sub- 
sequently shown to be diphenoxyethylmalonic acid, 


(C.H,;*O-C H,CH,),C(COOH),, 


and identical with the acid obtained by the action of phenoxyethylic 
bromide and sodium ethoxide on ethylic malonate (Trans., 1896, 69, 
169), a reaction which was, in fact, studied in order to prove the 
identity of the two acids. 

It seems probable that during the course of the above reaction the 
ethylic dimethy]propanetricarboxylate undergoes, in the first instance, 
partial decomposition into ethylic malonate and ethylic dimethyl- 


acrylate, 
(COOC,H;),.CH:C(CH;).°CH,-COOC,H, = 
(COOC,.H;),.CH, + C(CH;)..CH:COOC,H,, 


a kind of decomposition which has been observed in other cases, but 
which is particularly remarkable in the present instance as being the 
exact reverse of the process which results in the formation of the 
ethereal salt, namely, by the condensation of ethylic malonate with 
ethylic dimethylacrylate in the presence of sodium ethoxide. The 
regenerated ethylic malonate then reacts with the phenoxyethylic 
bromide and sodium ethoxide, with formation of ethylic diphenoxy- 
ethylmalonate, (C,H;-O-CH.,-CH,),0(COOC,H;)2. 

At first sight it would seem more likely that ethylic phenoxy- 
ethylmalonate, C;-H,O-CH,,CH,,CH(COOC,H;), (this vol., p. 167), 
would be formed in this way, but probably the decomposition of the 
ethylic dimethylpropanetricarboxylate into ethylic malonate and 
ethylic dimethylacrylate is a gradual one, and thus the ethylic 
malonate would always be in the presence of excess of sodium ethoxide 
and phenoxyethylic bromide. 

Although these experiments did not seem to indicate that there 
was much chance of the study of the action of phenoxyethylic bro- 
mide on the sodium compound of ethylic isopropylpropanetricarb- 
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oxylate* giving the desired results, it was nevertheless decided to. 
investigate this point, and the result was certainly unexpected, as the 
reaction in this case was found to proceed in a perfectly normal 
manner, thus. 


(COOC.H;),CNa-CH,,-CH(COOC,H;)CH(CH;), + CH,BrCH,0-C,H; 
= (COOC.H;).C(CH.°CH,-OC,H;)-CH.-CH(COOC,H;)-CH(CH;). 
+ NaBr.. 


The yield of ethylic phenoxyethylisopropy lpropanetricarbozrylate thus. 
obtained is certainly not good, but there was no indication of a 
decomposition of the molecule similar to that observed in the case 
of ethylic dimethylpropanetricarboxylate. 

On hydrolysing the product of. the above reaction, the correspond- 
ing tribasic acid is obtained as a beautifully crystalline substance,. 
which melts at 180°, decomposing at the same time into carbon dioxide- 
and phenoxyethylisopropylglutaric acid (m. p. 93°). 

COOH'CH-CH, H:COOH 
C.H,0-CH,-CH, H(CH;), 

When digested with hydrobromic acid, this acid yields quantities. 
of phenol, and a new crystalline acid, which is probably bromethyl- 
isopropylglutaric acid. 

COOH: CH: ‘CH, ‘CH-COOH | 
CH.Br- CH, CH(OH,), 


This acid and the corresponding hydroxy-acid, which is formed 
by boiling the bromo-acid with sodium carbonate solution, appear to 
have very interesting properties, and will be made the subject of a 
further investigation, the results of which I hope to lay before the- 
Society in a short time. 

Some of the experiments described iu this paper were carried out 
with the assistance of Dr. J. F. Thorpe and Mr. W. Goodwin; where 
this has been the case I have stated the fact at the commencement of 
the section in question. I beg to thank these gentlemen, and also 
Messrs. W. H. Bentley, E. Haworth, and J. L. Heinke, for their 
valuable assistance during the whole course of this investigation. 


EXPERIMENTAL. 


AB-Dimethylacrylic acid, C(CH;)..,CH-COOH. (With W. Goopwin. ] 


This acid has already been prepared by Miller (Annalen, 1881,. 
206, 261) by the elimination of water from £-hydroxyisobutylformic 


* This was of course supposed at the time to be ethylic trimethylpropanetricarb- 
oxylate. 
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acid, (CH;).C(OH)-CH,COOH, by boiling it with dilute sulphuric 
acid, and by Davillier (Ann. Chim. Phys., [5], 19, 428), by the action 
of sodium ethoxide on ethylic «-bromovalerate. Subsequently Weinig 
(Annalen, 1894, 280, 253) showed that a good yield of ethylic 
dimethylacrylate may be obtained by boiling ethylic «-bromovalerate 
with diethylaniline. 

In our experiments, we used one of the two following processes, 
according as we required the free acid or its ethereal salt. 

1. The hydrolysis of ethylic a-bromovalerate with alcoholic potash. 

2. The removal of hydrogen bromide from ethylic 2-bromovalerate 
by means of quinoline. 

Method I. Preparation of Dimethylacrylic acid.—Potash (100 grams) 
is dissolved in a small quantity of boiling 80 per cent. alcohol, the 
solution heated on a water bath in a flask connected with a reflux 
condenser, and then pure ethylic «-bromoisovalerate (100 grams) added 
as rapidly as possible through the condenser. As soon as the very 
vigorous action has subsided, the heating is continued for about half 
an hour; water is then added, the clear brownish solution evaporated 
uniil free from alcohol, acidified, and extracted three times with pure 
ether. 

Tke ethereal extract is dried over calcium chloride, the ether dis- 
tilled off, and the residue fractionated under the ordinary pressure, 
when nearly the whole passes over between 185° and 195° as a colour- 
less oil which, on standing, becomes completely filled with long, 
colourless crystals. These were freed from adhering oil by means of 
the pump, and purified by recrystallisation from light petroleum 
{b. p. 50—60°) ; the oily mother liquor from the crystals, on careful 
fractionation, yields more of the crystalline acid; ultimately a con- 
siderable quantity of an unpleasant smelling, oily liquid is left which 
-does not crystallise at ordinary temperatures, and the nature of which 
we have not investigated. 

Dimethylacrylic acid crystallises from light petroleum in long, 
colourless needles which melt at 69°, and are readily soluble in alcohol, 
ether, and hot, light petroleum, sparingly soluble in water. The 
analysis of the acid gave the following results. 


I. 0:1439 gave 0°3164 CO, and 0°1040 H,O. C = 59:97; H= 8-02. 
IJ. 01600 ,, 03495 , ,, O1157 ,. C= 59°56; H = 803. 
C;H,O, requires C = 60°00; H = 80 per cent. 


Method II. Preparation of Ethylic Dimethylacrylate.—In the pre- 
paration of this ethereal salt, ethylic a-bromisovalerate was digested 
with quinoline instead of with diethylaniline as proposed by Weinig 
(Annalen, 1894, 280, 253), because it was found that the former 
reacted more vigorously than the latter, and yielded a prodact con- 
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taining only traces of bromine; the whole method requiring much 
less time than when diethylaniline is employed. 

Pure ethylic «-bromisovalerate, in quantities of 50 grams, is heated 
in a reflux apparatus with freshly distilled coal tar quinoline (75—100 
grams), a thermometer being placed in the liquid to allow of the 
temperature being observed. At about 170—175°, and as soon as the 
reaction sets in, the flame is removed ; the whole boils gently for some 
time, the temperature rising spontaneously to 190°. As soon as the 
action has subsided, the liquid is heated at 185—190° for 10 minutes, 
the dark brown product poured into excess of dilute hydrochloric 
acid, extracted with ether, the ethereal solution washed with hydro- 
chloric acid, dried over calcium chloride, and the ether distilled off. 

If the ethereal salt is required free from bromine, it is again heated 
with about half its weight of quinoline in the same manner as 
before, and ultimately carefully fractionated ; after three fractiona- 
tions, almost the whole passes over between 154° and 155° as a colour- 
less oil of penetrating odour. An analysis gave the following results. 


0'1530 gave 0°3660 CO, and 01341 H,O. C = 65°24; H = 9:43, 
C,H,,0, requires C = 65°62; H = 9°37 per cent. 


When digested with excess of potash in methyl alcoholic solution, 
ethylic dimethylacrylate is completely hydrolysed in less than one 
hour; it is not necessary to digest for 12—14 hours, as Weinig 
(loc. cit., p. 254) states. In order to isolate the dimethylacrylic acid, 
the product of the hydrolysis is evaporated with water until free from 
alcohol, acidified, extracted with ether, and purified as described 
under Method I. 

The ethylic dimethylacrylate used in this research was prepared 
partly by the action of quinoline on ethylic « bromisovalerate, as 
described above, and partly by the etherification of pure dimethyl- 
acrylic acid. In the latter case, the pure acid (50 grams) was dissolved 
in absolute alcohol (100 grams), concentratel sulphuric acid (50 
grams) added, and the whole allowed to stand over night. Water was 
then added, the ethereal salt extracted with ether, the ethereal solution 
washed with water and dilute sodium carbonate solution, dried over 
anhydrous potassium carbonate, and the ether distilled off. The 
residual ethereal salt, on fractionation, distilled almost constantly at 
154—155°, but it did not give very good results on analysis. 


Found. 


lam — Theory. 

I. II. III. C,H.0x. 

-- 65°01 6491 64°75 p.c. 65°62 p. c. 
917 921 922 ,, OST 
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Ethylic Dimethylpropanetricarbozylate, 
(COOC,H;),.CH:-C(CH;).-CH,-COOC,H;. [With W. Goopwin. ] 


In order to prepare this substance, pure ethylic dimethylacrylate was 
digested in alcoholic solution with excess of the sodium derivative of 
ethylic malonate, the quantities usually employed being the following. 


Ethylic malonate 

Sodium ae 

Alcohol i 

Ethylic dimethylacrylate ... 


The sodium was dissolved in the alcohol, the slightly warm solu- 
tion mixed with the ethylic malonate, the ethylic dimethylacrylate. 
then added, and the whole heated in a reflux apparatus (or, in some- 
cases, in soda-water bottles) for eight hours at 60°, and then for 
eight hours on a water bath. The opaque, slightly brownish pro- 
duct was mixed with water and dilute hydrochloric acid, extracted 
twice with ether, the ethereal solution well washed with water and 
dilute hydrochloric acid, dried over calcium chloride, evaporated, and 
the residual oil purified by fractionation under reduced pressure 
(60 mm.). 

After a considerable quantity of unchanged ethylic dimethylacrylate 
and ethylic malonate had passed over, the thermometer rose rapidly 
to 195°, almost the whole of the residue distilling between this tem- 
perature and 210°. 

Pare ethylic dimethylpropanetricarboxylate distils at 203° (60 mm.). 
Auwers (loc. cit., p. 113) found the boiling point to be 194° (43 mm.) ; 
he does not appear, however, to have analysed his product. The 
analyses of the ethereal salt prepared by us gave the following results. 


I. 0°132 gave 0°2809 CO, and 0:0986 H,O. C = 58:00; H = 830. 
II. 0158 ,, 03375 , ,, 0118 ,, C = 5825; H = 8:32. 
C,\,H,,0, requires C = 58°33; H = 8°33 per cent. 


Ethylic dimethylpropanetricarboxylate is a moderately thick, 
colourless oil, which, when heated in small quantities, distils under 
the ordinary pressure almost without decomposition. 

The yield of this ethereal salt, obtained under the above conditions, 
varied considerably in different experiments, amounting, as it did in 
more than one case, to over 40 per cent. of theory, whilst in one or 
two cases the yield was as low as 2] per cent. Auwers, in his experi- 
ments on the condensation of ethylic dimethylacrylate with ethylic 
malonate in alcoholic solution, obtained only 8 per cent. of the 
theoretical yield of this ethereal salt; bat he worked under different. 
conditions from those we employed. 
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Dimethylpropanetricarboaylic acid, (COOH),CH:*C(CH;),.-CH,-COOH. 


In order to prepare this acid, 20 grams of pure ethylic dimethyl- 
propanetricarboxylate, in methyl alcoholic solution, was digested 
with excess of potash (20 grams) for two hoursin a reflux apparatus. 
The solution was then mixed with water, concentrated on a water 
bath, boiled until quite free from alcohol, cooled well, acidified, and 
extracted 20 times with ether. The ethereal solution, after drying 
over calcium chloride, was evaporated, and the residue allowed to 
stand over sulphuric acid in a vacuum desiccator until it had almost 
completely solidified. 

After standing for six days in contact with porous porcelain, the 
crystals, which were colourless and free from oil, were dissolved in 
a little water, and thie solution filtered and saturated with hydrogen 
chloride, the whole being well cooled during the operation. The 
acid soon commenced to separate in sandy crystals, which, after 24 
hours, were collected, drained on a porous plate, dried at 100°, and 
analysed with the following results. 


0'1501 gave 0:2585 CO, and 00815 H,O. C = 46:99; H = 6-04 
C,H1.0, requires C = 47:06; H = 5°88 per cent. 


Dimethylpropanetricarboaylic acid softens at 168°, and decomposes af: 
173° with rapid evolution of carbon dioxide. It is readily soluble in 
water and alcohol, much less so in ether, and only very sparingly im 
hydrochloric acid, so that when its concentrated aqueous solution is 
saturated with hydrogen chloride the acid separates almost completely. 
The pure substance is very stable, and may be heated at 100° for a 
considerable time without appreciable decomposition. 

Salts—A neutral solution of the ammonium salt of the acid gives 
no precipitate with copper sulphate or with bariwm or calcium 
chlorides ; but on the addition of lead acetate, a voluminous gelatin- 
ous precipitate is produced. 

The silver salt, CQHH,O;Ag;, was prepared by adding silver nitrate 
to a slightly alkaline selution of the ammonium salt; it is a white, 
curdy precipitate, insoluble in water. After well washing and 
drying, first over sulphuric acid and then at 100°, the following 
results were obtained on analysis. 


I. 0°1809 gave on ignition 0°1108 Ag. Ag = 61°26. 
IT. 0°2159 a - 071325 ,, Ag = 61°37. 
C,H,O,Ag; requires Ag = 61°71 per cent. 


BB-Dimethylglutaric acid, COOH-C H,°C(CH;).*CH,-COOH. 
[With W. Goopwin. ] 


This acid is formed when dimethylpropanetricarboxylic acid is 
VOL LXIx, 5 G 
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heated above its melting point. In carrying out this decomposition 
quantitatively, the following behaviour was observed. 

7°1825 grams of the tribasic acid heated in a wide test tube at 
185—190° for 3—4 minutes lost 16070 gram = 224 per cent., but 
on continuing the heating for half an hour, the loss was 1:92 gram 
or 26°7 per cent. Theoretically, for the elimination of one molecule of 
carbon dioxide, the loss should be; 21°5 per cent.; this agrees with 
the results obtained on heating the acid for a short time at 185— 
190°. The further loss on prolonged heating is due to anhydride 
formation, and, to a small extent, to sublimation. 

The residue from this experiment solidified completely on cooling. 
It was powdered, dissolved in water, and the solution saturated with 
hydrogen chloride. On standing, beautiful, colourless crystals sepa- 
rated, which, after drying at 100°, gave the following results on 
analysis. 

I. 0°1694 gave 0°3256 CO, and 0:1177 H,O. C = 52°42; H = 7:72. 
II. 0°15388 ,, 02962 ,, ,, 01071 ,, C = 52°53; H = 7°73. 
C;H,.0, requires C = 52°50. H = 7:50 per cent. 


BB-Dimethylglutaric acid is a colourless, crystalline substance which 
melts at LOL°. It is very readily soluble in water, alcohol, and ether, but 
only sparingly in hydrochloric acid, benzene, and light petroleum; it 
crystallises well from water in colourless needles, but is most readily 


and economically obtained pure by recrystallisation from hot hydro- 
chloric acid, as described above, as in this way very little remains in 
the mother liquor. 

Salts of BB-Dimethylglutaric acid. Silver Salt, C;H,Ag.0..—This 
salt was prepared by adding silver nitrate to the slightly alkaline 
solution of the ammonium salt. It is a white, insoluble precipitate, 
which, after well washing with water and drying at 100°, gave the 
following results on analysis. 


I. 0°1608 gave 0°1320 CO,, 0:0403 H,0, and 0093 Ag. C = 22:38; 
H= 2°79; Ag = 57°83. 
II. 0:201 on ignition gave 0°1159 Ag. Ag = 57°66 
C,H,Ag,0, requires C = 22°46; H = 2°66; Ag = 57°76 per cent. 


A neutral solution of the ammonium salt shows the following 
behaviour with reagents. Calciwm chloride and barium chloride give 
no precipitate even on boiling. Copper acetate gives no precipitate in 
the cold, but, on boiling, a light blue, apparently erystilline precipi- 
tate separates. Jead acetate also gives no precipitate in the cold, 
but, on warming, the solution rapidly becomes turbid, and an 
amorphous lead salt separates. 


2 = - ae 


= 


as Df 
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Ethylic Dimethylglutarate, COOC,H,°C H,C(CH;)."C H.,COOC,H,. 


This was prepared by dissolving the pure acid in absolute alcohol, 
adding concentrated sulphuric acid (4 vol.), and allowing the mixture 
to stand for two days; it was then heated in the water bath for two 
hours, mixed with water, and the oily ethereal salt extracted with 
ether. The ethereal extract was washed well with dilute sodium 
carbonate, dried over anhydrous potassium carbonate, evaporated, and 
the residual oil purified by distillation under reduced pressure, when 
almost the whole quantity passed over at 170—172° (100 mm.). 


I. 02011 gave 0°4488 CO, and 0°1680 H,O. C = 60°89; H = 9:28. 
1I.0:1407 ,, 03126 , ,, 01184 ,, C= 6059; H= 935. 
C,H O, requires C = 61:11; H = 9°26 per cent. 

Ethylic dimethylglutarate distils, apparently without decomposition, 
at 241— 243° (755 mm.), or only slightly higher than ethylic glutarate, 
which boils at 237°; it has a faint odour somewhat resembling that 
of ethylic succinate. 


Dimethylglutaric Anhydride, C(CHs).< ro hee O. 


[With W. Goopwin. ] 


Dimethylglutaric acid dissolves readily in hot acetic anhydride, 
and if the solution is heated in a test-tube in a sulphuric acid bath 
until the excess of acetic anhydride has distilled off, the residue 
solidifies on cooling to a hard, crystalline cake. The crystals were 
spread on porous porcelain until free from mother liquor, and dried 
at 100° ; they then melted at 124°, and, after recrystallisation from 
acetic anhydride, at 124—125°, 

I. 0°1376 gave 0°2960 CO, and 0°0892 H,O. C = 58:72; H = 7°20. 
II. 01249 ,, 0°2674 »  0°0803 ,, C = 58°79; H =7'19. 
C;H,,O; requires C = 59:16; H = 7:04 per cent. 


Dimethylglutaric anhydride crystallises from acetic anhydride, in 
which it is very soluble, in thin plates; these, after drying well 
between filter paper, smell of acetic anhydride, and become quite 
sticky in the water oven, and remain so for at least an hour, so that it 
is possible that these crystals consist of a mixed anhydride of acetic 
and dimethylglutaric acids, which, on heating, decompose into acetic 
anhydride and dimethylglutaric anhydride; this point has, however, 
not been further investigated. Dimethylglutaric anhydride is readily 
soluble in benzene, but only sparingly in light petroleum (b. p. 
40—50°), it dissolves, however, in petroleum boiling at 110—120°, 
and on cooling crystallises out in plates. It is insoluble in cold 
water, but on heating it melts under water, and rapidly dissolves. 

5 a 2 
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Dimethylglutaranilic acid, COOH-CH,-C(CH;)..CH,-CO-NH:°C,H,, and 


Dimethylglutaranil, O(CHs <r go> N Cos. 
2 


If a solution of dimethylglutaric anhydride in a little benzene is 
mixed with the calculated quantity of freshly distilled aniline, the 
mixture gets hot and rapidly begins to deposit crystals; these, after 
being collected and drained on porous porcelain, are crystallised two 
or three times from dilute alcohol. 


01461 gave 7°7 c.c. moist nitrogen at 17° and 756 mm. N = 6:12. 
C,3;H,;NO; requires N = 5:96 per cent. 


Dimethylglutaranilic acid melts at about 134°, but if slowly heated 
it softens at about 128° and melts at 131°. It is very readily soluble 
in alcohol and chloroform, but only sparingly in water, benzene, and 
light petroleum; it crystallises from dilute alcohol in small, hard, 
glistening prisms, and very beautifully, in similar form, when its 
solution in chloroform is allowed to evaporate spontaneously. 

Dimethylglutaranil is obtained by heating the anilic acid to boiling 
for 10 minutes, in a test-tube; water is given off, and, on cooling, 
the residue solidifies completely. After recrystallising twice from 
dilute alcohol, the anil is obtained pure in colourless, glistening 
plates, which melt at 156—157°. 

0°1380 gave 7°8 c.c. moist nitrogen at 18° and 760 mm. N = 6°52. 

C,;HisN O, requires N = 6°45 per cent. 


Dimethylglutaranil is readily soluble in alcohol, benzene, and 
chloroform, but only sparingly in water or light petroleum. 


afB-Trimethylpropionic acid, CH(CH;)..;CH(CH;)-COOH. 
This acid has already been prepared by Markownikoff (Zeit. f. 
Chem., 1866, 502) from methylisopropylcarbinyl cyanide, 
CH(CH;),.-CH(CH;)-CN, 
by hydrolysis, and also by Romburgh (Rec. Trav. Chim., 1886, 5, 231) 
by the hydrolysis of ethylic methyl isopropylacetoacetate, 
CH;'CO-C(CH;)(C;H;)-COOC,H;, 
and by the distillation of methylisopropylmalonic acid, 
C(CH,)(C;H;)(COOH):. 
In preparing large quantities of this acid, I have used exclusively 
the latter method: as, however, the isolation of the pure acid was 
found to be a matter of considerable difficulty, I give the method of 


preparation in full. In the first place, ethylic methylmalonate was 
prepared by the action of methylic iodide on the sodium derivative of 
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ethylic malonate* in alcoholic solution, great care being taken by 
using a slight excess (about 5 per cent.) of the calculated quantity of 
sodium, and a considerable excess of methylic iodide, that the product 
should be as free from ethylic malonate as possible. 

In subsequently introducing the isopropyl group into the carefully 
fractioned ethylic methylmalonate, the following method was found 
convenient. 

Ethylic methylmalonate (345 grams) is mixed with sodium 
(46 grams) dissolved in alcohol (500 grams) in a large flask con- 
nected with a very long reflux condenser; isopropylic bromide 
(260 grams) is then added, and the whole very gently warmed, the 
action being kept well under control, otherwise the whole begins to 
boil very vigorously, and much isopropylic bromide escapes through 
the condenser. 

As soon as the principal reaction is over, the mass is heated to 
boiling for six hours, the bulk of the alcohol distilled off, water added, 
and the oil which separates extracted three times with ether; the 
ethereal solution, after washing well with water and evaporating, 
deposits a nearly colcurless oil, from which, by repeated fractiona- 
tion, 330 grams, or about 75 per cent. of the theoretical yield of 
nearly pure ethylic methylisopropylmalonate, boiling at 217—222°, 
can be obtained. 


01431 gave 0°3190 CO, and 0°1162 H,O. C = 60°80; H = 9°03. 
C,,H»O, requires C = 61:11; H = 9:26 per cent. 

This ethereal salt was hydrolysed by digesting it for two hours 
with potash (260 grams) dissolved in purified methylated spirit ; 
water was then added, and the product heated first on a water bath 
and finally boiled over a free flame till quite free from alcohol ; the 
concentrated solution was then acidified and extracted six times with 
pure ether. The ethereal solution, after drying over calcium chloride 
and evaporating, deposited about 280 grams of an oily acid, which 
still contained some ether, and, on standing, rapidly began to crystal- 
lise. This crude product was now heated at 180—200° until the 
evolution of carbon dioxide had ceased, and the residue distilled with- 
out, in the first instance, attempting to fractionate. 

The crude distillate always contains traces of propionic and iso- 
valeric acids, and it is remarkable that pure methylisopropylacetic 
acid can only be isolated from this with very considerable difficulty, 

* In carrying out this preparation with large quantities of material, the methylic 
iodide must be added very cautiously in small quantities to the alcoholic solution 
of the sodium derivative of ethylic malonate, the whole being well cooled during 
the operation, otherwise the action is very violent, and if care be not taken, the 
liquid boils most vigorously, with loss of methylic iodide from volatilisation, and 
frequently from frothing over. 
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repeated fractionation from a flask fitted with a long colonna being 
necessary, in order to effect as complete a separation as possible. 

Ultimately, however, about 180 grams of an oil boiling constantly 
at 189—190° were obtained, which consisted of nearly pure methyl- 
isopropylacetic acid, as the following analyses show. 


I. 0:1606 gave 0°3622 CO, and 0°1440 H,O. C = 61:50; H = 9°96. 
If. 01314 ,, 02952 ,, ,, 01220 , C= 61:27; H = 1034. 
C,H,,0, requires C = 62°07; H = 10°34 per cent. 


Trimethylpropionic acid is a most disagreeably smelling mobile 
liquid, which boils at 189—190°. Romburgh (loc. cit.) found prac- 
tically the same boiling point, namely, 189—191°. 


Ethylic «a-Bromotrimethylpropionate, CH(CH;).*CBr(CH;)-COOC,H;. 


The bromination of methylisopropylacetic acid is very readily 
carried out by treating the acid bromide with bromine according to 
Volhard’s method (Annalen, 1887, 242, 161), and as the result of a 
number of experiments, the following quantities were found to give 
the best results. 

In a flask, into the neck of which a long condensing tube is ground, 
methylisopropylacetic acid (50 grams) is mixed with phosphorus 
pentabromide (75 grams) and allowed to remain for about one hour, 
until the formation of the acid bromide is complete. Dry bromine 
(85 grams) is then added in about six portions, the flask being cooled 
between each addition; the liquid is then heated gradually on a water 
bath to about 50—60°, until the action is nearly complete, and finally 
at 100° for two hours. 

The well cooled product, which is usually coloured, owing to the 
presence of a slight excess of bromine, is poured in a thin stream into 
three times its volume of absolute alcohol, the vigorous action being 
allowed to proceed without cooling; after standing overnight, water 
is added, and the bromo-ethereal salt is extracted with ether. The 
ethereal solution, after washing with water and dilute sodium carbon- 
ate solution, drying over calcium chloride, and evaporating, deposits. 
a somewhat brownish oil, which, on fractionating twice under 
reduced pressure (100 mm.), boils for the most part constantly at 
130°, the yield being usually good, although, in one or two cases, 
not inconsiderable quantities of some higher boiling substance was. 
obtained. 

The analysis of the pure substance gave the following result. 

0°2035 gram substance, heated with fuming nitric acid and silver 

nitrate at 180° for four hours, gave 0°1722 gram AgBr = 36°01 
per cent. of bromine. 
C.H,;BrO, requires Br = 35°89 per cent. 
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Ethylic «-bromotrimethylpropionate is a heavy, very pungent smell- 
ing, colourless oil, very similar to ethylic «-bromisovalerate in its 
general properties. 


Trimethylacrylic acid, C(CH;).;C(CH;)*COOH. 

As stated in the introduction, this acid was first prepared by 
the hydrolysis of ethylic methylisopropylbromacetate with alcoholic 
potash. 

Potash (100 grams) was dissolved in the smallest possible quantity 
of 80 per cent. alcohol in a flask connected with a long reflux con- 
denser, the solution heated on a boiling water bath, and then the pure 
bromo-ethereal salt (100 grams) added as rapidly as possible through 
the condenser tube. After the very vigorous action had subsided, the 
whole was heated to boiling for about an hour, water was added, the 
brown solution evaporated until quite free from alcohol, acidified, and 
extracted five times with pure ether. The ethereal solation was then 
dried over calcium chloride, evaporated, and the residue fractionated 
two or three times under reduced pressure, and subsequently at the 
ordinary pressure, in order to separate the trimethylacrylic acid as 
far as possible from a considerable quantity of a-hydroxytrimethyl- 
propionic acid (p. 1486), which is formed at the same time. 

In this way, an oily acid was obtained, boiling constantly at 
204—205° (under 100 mm. pressure it boils at 150°), and consisting 
of a mixture of the two isomeric acids, isopropylacrylic acid and tri- 
methylacrylic acid. It gave the following results on analysis. 


0:1641 gave 0°3760 CO, and 0°1320 H,O. C = 62°5; H = 8:93. 
C.H,.O, requires C = 63°15; H = 8°77 per cent. 


During the winter months, this oily acid gradually deposited a 
quantity of beautiful, prismatic, four sided crystals; these were col- 
lected with the aid of the pump, drained on porous porcelain, and 
recrystallised from light petroleum. The new substance was thus 
readily obtained in a pure state, and gave the following numbers on 
analysis. 

I, 0:1312 gave 03014 CO, and 0:1056 H,O. C = 62°64; H = 8:94. 
IT. 01441 ,, 03334 , ,, 01155 _,, C = 63:10; H = 8:90. 
C(CH;)2:C(CH;)-COOH requires C = 63°15; H = 8:77 per cent. 

Trimethylacrylic acid, when moderately rapidly heated in a capillary 
tube, softens at 67°, and melts at 70—71°. It is readily soluble in 
hot light petroleum, benzene, alcohol, ether, and chloroform, sparingly 
in hot water. The hot concentrated aqueous solution becomes milky 
on standing, and then gradually deposits crystals, but, on slowly cool- 
ing a hot dilute aqueous solution, the acid crystallises well in long, 
colourless needles. 
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The solution of the pure acid in sodium carbonate decolorises 
potassium permanganate, but not nearly so rapidly as many other 
unsaturated acids. 


Trimethylacrylic Anilide, C(CHs)2:C(CH;)*CO-NH:C,H;. 


This substance was prepared in the following way. Pure tvri- 
methylacrylic acid was mixed with excess of freshly distilled phos- 
phorus trichloride, and, as very little action appeared to take place in 
the cold, the whole was heated on the water bath for about 15 minutes. 
On fractionating the product, a considerable quantity distilled at 
145—150°, and evidently consisted of trimethylacrylic chloride, 
€(CH;)2:C(CH;)*COCI]. This was dissolved in pure dry ether, mixed 
with excess of aniline, and, as soon as the very vigorous action had 
subsided, the whole was treated with water and extracted with ether. 
The ethereal solution was washed first with dilute hydrochloric acid 
and then with sodium carbonate, dried over anhydrous potassium 
carbonate, and the ether distilled off, when a syrupy residue was 
obtained, which, on standing, gradually solidified. 

In order to purify this crude substance, it was ground up with 
cold light petroleum, collected on a filter, and recrystullised twice 
from boiling light petroleum (b. p. 70—80°). 

0'2133 gave 140 c.c. moist nitrogen at 20° and 765mm. N = 7°55. 
C,,H,;NO requires N = 7°41 per cent. 


Trimethylacrylic anilide melts at 93—94°, and crystallises fess hot 
light petroleum in beautiful, glistening plates. It is readily soluble 
in alcohol, ether, and benzene, sparingly in light petroleum, and 
almost insoluble in water. 


Dibromotrimethylpropionic acid, CBr(CH3;).°CBr(CH;)-COOH. 


A solution of trimethylacrylic acid in chloroform decolorises bro- 
mine rapidly, and if, after the addition of the calculated quantity of 
bromine, the liquid is allowed to evaporate spontaneously, a semi- 
solid residue is obtained, consisting of impure dibromotrimethy]l- 
propionic acid. The crude product was left in contact with porous 
‘porcelain for some days until the oily impurities had been entirely 
absorbed, and the solid residue purified by recrystallisation from light 
petroleum (b. p. 100—105°). 

0°1547 gram substance, heated with nitric acid and nitrate of silver 

at 180°, gave 0'2128 gram AgBr; Br = 58°54. 
C.H,,Br,0, requires Br = 58°40 per cent. 

Dibromotrimethylpropionic acid is very sparingly soluble in cold 

light petroleum, but dissolves fairly readily on warming, and separates 
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again, on standing, as a heavy, white, crystalline powder. When 
heated in a capillary tube, it sinters at 185°, and melts at 190—191° 
with rapid evolution of gas. 


B-Bromotrimethylpropionic acid, CBr(CH;).*CH(CH;)-COOH. 


In order to prepare this substance, finely powdered trimethylacrylic 
acid (1 gram) was mixed in a test tube with 5 c.c. of fuming hydro- 
bromic acid saturated at 0°. On gently warming the mixture, the 
acid completely dissolved, but very soon an oily layer formed on 
the surface. After standing for 10 minutes, an equal volume 
of water was added, and the crystals which separated were collected, 
well washed with water, drained on a porous plate, and dried over 
sulphuric acid ina vacuum. As the substance could not be satisfac- 
torily recrystallised, the colourless, crystalline mass obtained in this 
way was directly analysed. 


0°1431 gram substance, heated at 200° with nitric acid and nitrate 
of silver, gave 0°1375 gram AgBr. Br = 40°92. 
C,H,,BrO, requires Br = 41°02 per cent. 

B-Bromotrimethylpropionic acid, when heated in a capillary tube, 
softens at 83° and melts at about 87—88°. Itis readily soluble in most 
organic solvents, but practically insoluble in water. When boiled 
with water, it is rapidly decomposed with separation of hydrogen 
bromide. 


B-Iodotrimethylpropionic acid, CI(CH;).CH(CH;)-COOH. 


Trimethylacrylic acid dissolves readily in fuming hydriodic acid 
(sp. gr. 1°96) in the cold, and, on standing, the solation gradually 
deposits beautiful crystals of S-iodotrimethylpropionic acid. After 
diluting with water, the crystals were collected, washed well with 
water, and dried on a piece of porous porcelain over sulphuric acid 
ina vacuum. The analysis of the glistening, crystalline mass thus 
obtained gave the following results. 


' 01489 gram substance, heated with silver nitrate and nitric acid 
at 170°, gave 0°1390 gram AgI. 1 = 52°23. 
C,H, 10, requires I = 52°48 per cent. 


B-Iodotrimethylpropionic acid melts at 80—82°, and, when heated in 
a test tube, it rapidly decomposes with separation of iodine and 
evolution of hydrogen iodide; it also decomposes on exposure to 
strong sunlight, with separation of iodine. It is readily soluble in 
alcohol, light petroleum, chloroform, and ether, but almost insoluble 
in cold water. Cold concentrated nitric acid decomposes it instantly, 
with separation of crystals of iodine. 
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Condensation of Acetone with Ethylic a-Bromopropionate. Formation 


of Ethylic B-Hydroxy-«8-trimethylpropionate, 
OH:C (C H;).2°CH(CH;)-COOC,H;,. 


[With J. F. THorpe.] 


This condensation was studied, as explained in the introduction, 
with the object of synthesising trimethylacrylic acid, 


C(CH,)::C(CH,)-COOH, 


and its derivatives by a method which could leave no doubt as to 
their constitution, and the results obtained served to prove conclu- 
sively that the solid acid (melting at 71°) produced, as already 
described, by the hydrolysis of ethylic bromotrimethylpropionate, 
was in fact this acid, and not isopropylacrylic acid, 


CH (CHs3)2°C(‘CH,) ‘COOH, 


as was at one time thought to be the case. 

The first step was to prepare ethylic B-hydroxy-af-trimethylpro- 
pionate, and this is accomplished as follows. 

Acetone (90 grams) is mixed with ethylic a-bromopropionate (182 
grams), and the mixture poured on to an excess of dry and carefully 
cleaned zinc in a moderately large flask connected with a reflux appa- 
ratus. The zinc, which should be in the form of turnings, must 
be quite free from oil, and it is also essential that it should be quite 
dry. We found it necessary to wash it several times with hot 
caustic soda, then with dilute acid to remove any oxide, and finally 
to wash it well with water and dry it with alcohol and ether. Experi- 
ments conducted with zinc which had not been treated in this way were 
always unsuccessful. The flask containing a little of the zinc in contact 
with the mixture is now gently warmed on the water bath, when, as 
soon as the temperature has risen to about 50°, the action usually 
commences and continues very energetically; the flask is removed 
from the water bath if necessary, but as a rule the excess of acetone 
employed serves to prevent the temperature from rising too high. 
When the reaction has subsided, if it is found that nearly all the zinc 
has disappeared, more is added, and the whole ultimately heated on 
the water bath for about 2—3 hours; at the end of this time the 
contents of the flask will have become quite thick and slightly 
coloured. 

The syrupy liquid is poured off as far as possible from the un- 
changed zinc, and mixed with water; this causes the mass to become 
nearly solid, owing to the separation of a white zinc compound, which, 
however, disappears on adding dilute sulphuric acid and shaking 
vigorously. The oil which separates is extracted by means of ether, 
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the ethereal solution is washed three times with dilute sulphuric 
acid in order to remove the last traces of zinc, dried over calcium 
chloride, the ether distilled off, and the residual oil purified by careful 
fractionation under reduced pressure (30 mm.). 

A considerable portion of the product distils below 100°, and 
appears to:consist essentially of ethylic propionate and ethylic acry- 
late, the former produced by the reduction of, and the latter by the 
elimination of hydrogen bromide from, the ethylic «-bromopropionate 
employed in this synthesis. About 50 per cent. of the whole distils 
at 105° (30 mm.) as a moderately thick, colourless oil of very faint 
odour, which after redistillation gave the following results on 
analysis. 

I. 0°1186 gave 0°2616 CO, and 0:1076 H,O. C = 60:16; H = 10°08, 
II. 0°1309 ,, 02872 , , O1198 , C=59°82;H = 1016. 
C,H,.O0; requires C = 60:00; H = 10 00 per cent. 


This substance consists, therefore, of pure ethylic B-hydroxy-aBB-tri- 
methylpropionate. 


f-Hydroxy-apB-trimethylpropionic acid, OH-C(CH;).°CH(CH;)-COOH. 
(With J. F. Txorpr. | 


In order to prepare this acid, the corresponding ethereal salt just 
described was mixed with excess of a solution of potash (14 mols.) 
in pure alcohol, and heated on the water bath for two hours. Water 
was then added, the solution evaporated until quite free from alcohol, 
acidified, and extracted several times with pure ether, the extraction 
being much facilitated by saturating the solution with ammonium 
sulphate. The ethereal solution was carefully dried over calcium 
chloride, filtered, evaporated, and the thick, syrupy residue purified 
by distillation in small quantities under reduced pressure; almost 
the whole passed over at 160° (35 mm.) as a very thick, viscid, colour- 
less oil which, on analysis, gave the following numbers. 


I. 0°1888 gave 0°3814 CO, and 0°1592 H,O. C = 55°08; H = 9°37. 
II. 01318 ,, 02650 ,, , 01106 , C= 5483; H = 992. 
C.H,,0; requires C = 54°54; H = 9°09 per cent. 


B-Hydroxy-apBB-trimethylpropionic acid is a very thick syrup, which 
even on long standing does not show any signs of crystallising. It 
is readily soluble in water, the solution having a strongly acid reac- 
tion. When distilled in large quantities (100 grams), it decomposes 
with elimination of water and formation of trimethylacrylic acid. 

The dissociation constant for the electrical conductivity of this acid 
at different concentrations was determined by Dr. Ewan, who found 
K = 0°00333. 
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B-Bromo-aBB-trimethylpropionic acid, CBr(CHs)2.CH(CH;)-COOH. 
[With J. F. Tuorps.] 


* 'This substance, which is identical with the bromo-acid obtained by 
the addition of hydrogen bromide to trimethylacrylic acid (p. 1481), is 
obtained by dissolving B-hydroxytrimethylpropionic acid in fuming 
hydrobromic acid (saturated at —10°). The mixture becomes warm, 
and, on standing, the bromo-acid rapidly separates in lustrous plates, 
which, after washing with water and drying on a porous plate over 
sulphuric acid in a vacuum, melt at 86—88°. 


02012 gram substance, heated at 180° with silver nitrate and 
nitric acid, gave 01919 gram AgBr. Br = 40-98 per cent. 
C,H, BrO, requires Br = 41:02 per cent. 


Ethylic B-bromo-apBB-trimethylpropionate, 
C(CH;).Br-CH(CH;)-COOC,H;.—[With J. F. Tuorpn.] 


In order to prepare this compound for some synthetical experi- 
ments described below, the etherification of the corresponding acid 
by means of alcohol and sulphuric acid, and by saturating the solu- 
tion of the acid in alcohol with hydrogen chloride was tried, but with 
very unsatisfactory results. Ultimately, however, the ethereal salt 
‘was prepared in considerable quantity, with ease, in the following 
way. 

The pure dry bromo-acid (10 grams) was mixed with phosphorus 
pentachloride (12 grams) and allowed to stand until the somewhat 
energetic action had subsided: the whole was then heated on the 
water bath for 15—20 minutes, and the product poured into absolute 
alcohol and allowed to stand over night. On adding water, a heavy, 
brownish oil was precipitated ; this was extracted with ether, the 
ethereal solution well washed with water and dilute sodium carbonate, 
dried over calcium chloride, and the ether distilled off. The residual, 
somewhat brownish oil did not appear to distil without decomposi- 
tion; but after standing over sulphuric acid in a vacuum for a few 
days, it gave the following results on analysis, showing it to consist 
of the nearly pure ethereal salt. 


0°2103 gave 01760 AgBr. Br = 35°96. 
C;H,,0,Br requires Br = 36°16 per cent. 


Many experiments with this substance were made with the object 
of synthesising 28f-trimethylglutaric acid so as to be able to compare 
it with the acid Balbiano obtained by the oxidation of camphoric acid 
with cold potassium permanganate (Ber., 1895, 28, 1507); the 
method of procedure will be well understood from the following 
equations. 


OF ACRYLIC ACID, AND OF GLUTARIC ACID. 1485 


I. (COOC,H;),CHNa + CBr(CH;),.CH(CH;)-COOC,H, = 
(COOC,H,),CH-C(CH;).-CH(CH;)*COOC,H,.+ NaBr. 


II. (COOH),CH-C(CH,),.-CH(CH;)-COOH = 
COOH-CH,-C(CH;).CH(CH,)‘COOH + CO,. 


The action of the brom-ethereal salt on the sodium derivative of 
cthylic malonate was tried under various conditions in alcoholic and 
xylene solution, but only very small quantities of a high boiling con- 
densation product were formed in any case, and similar results were- 
obtained when ethylic cyanoacetate was employed. Apparently in 
all these experiments the bromo-ethereal salt is to some extent decom-- 
posed with elimination of hydrogen bromide and formation of ethylic: 
trimethylacrylate ; the reaction, however, is evidently a complicated 
one, as is shown by the fact that in all the above experiments the pro- 
duct was found to contain considerable quantities of ethylic ethane-- 


tetracarboxylate (COOC.H;),CH-CH(COOC,Hs)>. 


f-Iodo-«fB-trimethylpropionic acid, C(CH;).1-CH(CH;)-COOH. 

f-Hydroxytrimethylpropionic acid dissolves readily in fuming” 
hydriodic acid, and, on standing, crystals of the above substance 
separate rapidly. The crystals were collected, washed with water,. 


dried on a porous plate over sulphuric acid in the dark, and: 
analysed. 


01296 gave 01252 AgI. I = 52°39. 
C.H,,1-O, requires I = 52°48 per cent. 


This acid melts at 80° and is identical with the compound obtained! 
by the addition of hydrogen iodide to trimethylacrylic acid (p. 1481).. 
When it is treated with phosphorous pentachloride, and the product is. 
poured into alcohol under exactly the same conditions as described in 
the case of the corresponding bromo-acid, it yields a heavy ethereal 
salt, which cannot be distilled without decomposition; it was not 
analysed. 


Trimethylaerylic acid, C(CH;)::C(CH;)*COOH.—[ With J. F. Tuorre.] 


This acid is produced when alcoholic potash, or weak alkalis, such 
as the sodium derivative of ethylic malouate, act on ethylic B-bromo- 
trimethylpropionate. It was first obtained from this ethereal salt 
in the following manner. 

The low boiling fractions from the product of the action of the 
bromo-ethereal salt on the sodium derivative of ethylic malonate 
(see above) were hydrolysed by boiling for three hours with an 
excess of alcoholic potash. The alkaline solution was then evaporated 
with water until free from alcohol, acidified, and extracted with ether ;. 
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the ethereal solution after being dried over calcium chloride was 
evaporated, and the residual oil fractionated under reduced pressure. 
The fraction boiling at 135—137° (50 mm.) solidified on cooling, and 
the crystals, after being drained on a porous plate and crystallised 
from water, consisted of pure trimethylacrylic acid melting at 
70—71°. 

0°2201 gave 0°5085 CO, and 0'1737 H,O. C = 63:00; H = 8°79. 

C.H,,0, requires C = 63:15; H = 8°77 per cent. 

The silver salt, CeH,AgO., was obtained as a white precipitate 
sparingly soluble in water, on adding silver nitrate to the neutral 
solution of the ammonium salt. 

0:2002, on ignition, gave 0°0970 Ag. Ag = 48°73. 

C.H,AgO, requires Ag = 48°77 per cent. 

After these experiments had been carried out, it was found that 
the same acid was obtained by the hydrolysis of ethylic B-bromo- 
trimethylpropionate with alcoholic potash; and the acid obtained in 
both cases was found to be identical with the trimethyacrylic 
acid obtained by the hydrolysis of ethylic «-bromotrimethylpro- 
pionate (p. 1479). As this was an important point, a sample of the tri- 
methylacrylic acid obtained from the 8-brom-ethereal salt by means 
of alcoholic potash was dissolved in chloroform and treated with 
bromine under the conditions described on p. 1480. 

The resulting dibromide melted at 190—191°, and was identical 
in all respects with the dibromotrimethylpropionic acid previously 
obtained. 

0°1398 gave 0:191 AgBr. Br = 58°10. 

C,H, BrO, requires Br = 58°40 per cent. 


a-Hydroxytrimethylpropionic acid, CH(CH;).*C(OH)(CH;)-COOH. 


In distilling the crude acid obtained by the hydrolysis of ethylic 
a-bromotrimethylpropionate with alcoholic potash, a mixture of 
isopropylacrylic acid and trimethylacrylic acid at first passed over as 
explained on p. 1479; the thermometer then rose rapidly, and a 
thick colourless oil distilled over which after standing for some 
months deposited prismatic crystals. These were collected, drained 
on a porous plate, and purified by recrystallisation from light 
petroleum (b. p. 60—80°), when they were obtained in the form of 
glistening, colourless needles which, on analysis, gave the following 
numbers. 

I. 0°1931 gave 0°3874 CO, and 0°1598H,O. C = 54°73; H = 9°20. 

II, 0:1601 ,, 03225 ,, ,, 01305 , C=5490; H= 9°06. 
III. 0.1765 ,, 03511 ,, , O1451 ,, C=5425; H=912. 
C,H,.0; requires = 54°54; H = 9-09 per cent. 
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a-Hydroxytrimethylpropionic acid melts at 75—77°, but not very 
sharply. It is very readily soluble in water, the solution possessing a 
very strong acid reaction. It is readily soluble in alcohol, ether, or 
chloroform, moderately in benzene, and sparingly in cold, light 
petroleum. When thrown on to the surface of water, the crystals of 
the acid rotate in a very vigorous manner and dissolve rapidly. 

The dissociation constant for the electrical conductivity of this 
acid at different concentrations at 25°, was found by Dr. Ewan to be 
K = 0°01135. It is remarkable that this value should be so high in 
comparison with the constant (K = 000333) for the corresponding 
A-hydroxy-acid (p. 1483). 


Salts of «-Hydroxytrimethylpropionic acid. 


The silver salt, C;H,AgO;, obtained as a white precipitate on 
the addition of silver nitrate to a strong neutral solution of the 
ammonium salt of the acid, is sparingly soluble in cold water, but 
dissolves readily on boiling, and the hot solution on cooling deposits 
the salt in a beautifully crystalline condition.] 

0°2445 gave 0°1105 Ag. Ag = 45°19. 

C,H, AgO; requires Ag = 45°18 per cent. 


This silver salt is not readily acted on by light, and may be dried 


at 100° without decomposition ; its solution in dilute ammonia is 
only very slowly decomposed on boiling. 

A neutral solution of the ammonium salt of the acid shows the 
following behaviour with reagents. Copper acetate no precipitate in 
the cold, but, on boiling, a pale blue crystalline copper salf separates ; 
this gradually decomposes on prolonged boiling, especially if a little 
alkali be present, and cuprous oxide is precipitated. Barium and 
calcium chlorides, and lead acetate give no precipitate. 

Action of Hydrobromic acid and Hydriodic acid on a-Hydroxytri- 
methylpropionic acid.—This reaction was investigated in the hope of 
easily obtaining a-bromotrimethylpropionic acid, 


CH(CH;).*CBr(CH;)*COOH, 
and a-iodotrimethylpropionic acid, CH(CH;).*CI(CH;)‘COOH, for 


comparison with the corresponding f-halogen derivatives which had 
been prepared from 8-hydroxytrimethylpropionic acid and trimethyl- 
acrylic acid by the methods described on pp. 1484-1485. It was found 
that B-hydroxytrimethylpropionic acid reacts very readily with con- 
centrated hydrobromic and hydriodic acids in the coid, forming the 
corresponding #-halogen derivatives, but the behaviour of the corre- 
sponding «-hydroxy-acid is very different in this respect. The latter 
dissolves very readily in the concentrated haloid acids, but no action 
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appears to take place, as was shown by the fact that, after remaining at 
the ordinary temperature for 12 hours, no crystals had separated, and 
a drop of the liquid dissolved in water formed a clear solution. The 
solutions were then sealed up in tubes and heated in boiling water, but 
even then the action seemed to take place very slowly, the liquids only 
becoming turbid after two hours’ boiling. After eight hours, the 
tubes were allowed to cool, when, on opening them, a considerable 
pressure was noticed, which was found to be due to carbon dioxide, 
and, on pouring the contents of the tubes into water, a heavy oil was 
precipitated in each case. This was extracted with ether, the ethereal 
solution washed well with water and dilute sodium carbonate (and, in 
the case of the hydriodic acid experiment, also with sodium thiosulphate 
to remove iodine), evaporated, and the nearly colourless, oily residues 
fractionated. After twice fractionating, in the case of the hydro- 
bromic acid experiment a small quantity of a heavy oil was obtained, 
which boiled at 115—120°, and on analysis gave the following 
result. 


0:1420 gram heated with silver nitrate and fuming nitric acid at 
200° for 4 hours gave 0°1711 gram AgBr. Br = 51°10 per cent. 
C;H,, Br requires Br = 52°98 per cent. 


Although, owing to the difficulty of purifying the small amount of 
material at my disposal, this analysis does not agree well with the 
formula C;H,,Br, it seems probable that this bromide is identical with 
methylisopropylearbiny! bromide, CH(CH;).CHBi-CH;, which 
Wischnegradsky (Annalen, 1878, 190, 357) obtained by the action 
of hydrogen bromide on isopropylethylene, CH(CH;).CH:CH,, and 
which boils at 114—116°. The formation of this substance would be 
readily explained by the following equation : 


CH(CH,)C(OH)(CH;):COOH + HBr = 
CH(CH,),,CHBr:CH, + CO, + H,0, 


but it is certainly remarkable that an «-bromo-fatty acid, which one 
would expect to be formed in the first instance, should lose carbon 
dioxide in this way, as this is a decomposition usually only shown by 
B-bromo-derivatives. The oil obtained from the hydriodic acid 
experiment distilled roughly at 125—130°, and is possibly methyliso- 
propylearbinyl iodide, CH(CHs).CHI'CH;, which, according to 
Wischnegradsky (Annalen, 1878, 190, 337), boils at 127—128°; it 
was not analysed. 


Preparation of the mixed Ethereal Salts of Isopropylacrylic acid and of 
Trimethylacrylic acid. 


The greater portion of these mixed ethereal salts used in the first 
experimeuts in this research was prepared by the etherification of 
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the mixture of isopropylacrylic and trimethylacrylic acids obtained 
by the hydrolysis of ethylic a-bromotrimethylpropionate by means of 
alcoholic potash, as explained on p. 1462 (Method I). The action of 
quinoline on the brominated ethereal salt (Method IT) was not inves- 
tigated until most of the experiments described in this paper had 
been completed. 

Method I.—The mixed ethereal salts were prepared by dissolving 
the mixed acids (1 vol.) in absolute alcohol (3 vols.), and adding 
concentrated sulphuric acid (1 vol.). After standing overnight, 
water was added, the oily layer extracted with ether, the ethereal 
solution washed with sodium carbonate solution, dried over anhydrous 
potassium carbonate, evaporated, and the residual crude ethereal salt 
purified by repeated fractional distillation. Although this ethereal 
salt has been prepared in large quantities (500 grams) on several 
occasions, it has always been found very difficult to obtain a product 
of anything like constant boiling point, and, for this reason, in 
the experiments described in this paper the fraction 162—175° was 
usually employed. It is, of course, possible that the ethereal salts of 
the two acrylic acids may boil at different temperatures, but it is 
more probable that the product contains small quantities of ethylic 
a-hydroxytrimethylpropionate, produced by the action of the sul- 
phuric acid on the unsaturated acids during the process of etherifica- 


tion, and this is borne out by the results obtained by the analysis 
of different fractions, which were always too low. I (b. p. 163—165°) ; 
II (b. p. 166—168°) ; III (b. p. 168—172°). 


I. 0:1240 gave 0°3020 CO, and 0°1094 H,O. C = 66°43; H = 9°80. 

II. 0:1561 ,, 03758 ,, , 01360 , C=6566; H= 9°67. 

III. 0:1404 ,, 03379 ,, ,, 01218 , C6564; H= 9°64. 
C,H,,O, requires C = 67°60; H = 9°86 per cent. 


The presence of the impurity, whatever it may be, in the fraction 
162—175°, does not interfere with the experiment for which it was 
employed (condensation with ethylic malonate), except, of course, in 
so far as it may affect the yield of the condensation product. 

Method II.—A mixture of ethylic «-bromotrimethylpropionate (100 
grams) and quinoline (200 grams) was heated in a metal bath in 
a flask connected with a reflux apparatus, the temperature of the 
mixture being observed by placing a thermometer in the liquid. 

When the temperature had risen to 175—180°, the reaction set in, 
and on removing the flame the liquid boiled, though not violently, for 
some minutes, the thermometer rising to about 195°. As soon as the 
action had subsided, the mixture was heated to boiling for 10 minutes, 
the well-cooled, dark reddish-brown product poured into an excess of 
dilute hydrochloric acid, and the oily layer extracted twice with ether. 
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After well washing with dilute hydrochloric acid and drying over 
calcium chloride, the ether was distilled off and the residual oil 
purified by repeated fractionation, when the greater part was found to 
distil between 162° and 175°, the quantity obtained being about 60—70 
per cent. of the theoretical yield. This fraction, on analysis, gave 
only approximately correct results. 


0:1364 gave 0°3344 CO, and 01209 H,O. C = 66:86; H = 9°86. 
C,;H,,O:2 requires C = 67°60; H = 9°85 per cent. 


In order to prove that this ethereal salt was a mixture of the 
ethereal salts of isopropylacrylic and trimethylacrylic acids, it was 
hydrolysed by boiling with alcoholic potash in the usual manner. 
The acid obtained distilled at 148—150° (100 mm.), and, on standing 
in a freezing mixture, deposited crystals of trimethylacrylic acid. 
The filtrate from these crystals did not solidify on cooling, and was 
proved to contain isopropylacrylic acid. 

Apparently, then, the elimination of hydrogen bromide from 
ethylic a-bromotrimethylpropionate proceeds in the same way, 
whether alcoholic potash or quinoline be employed, a mixture of iso- 
propylacrylic acid and trimethylacrylic acid, or their ethereal salts, 
being formed in both cases. 


Condensation of Ethylic Isopropylacrylate with the Sodiwm Derivative 
of Ethylic Malonate. Formation of Ethylic a-Isopropylpropane- 
aa,0,-tricarboxylate, (COOC,H;),CH-CH,-CH(C;H,;)*COOC,H;. 


The study of the reaction which takes place when the mixed ethereal 
salts of isopropylacrylic acid and trimethylacrylic acid are treated 
with the sodium compound of ethylic malonate has been made the 
subject of a very large number of experiments, carried out under 
very varying conditions, a description of which would occupy too 
much space to be given here. The product formed in every case was 
ethylic isopropylpropanetricarboxylate produced by the condensation 
of ethylic isopropylacrylate with ethylic malonate, the ethylic tri- 
methylacrylate, as explained in the introduction, apparently taking 
no part in the reaction. 

The yield of condensation product was found to be much influenced 
by the purity of the unsaturated ethereal salts; thus, for instance, 
when the mixture of ethylic isopropylacrylate and ethylic trimethyl- 
acrylate had been fractionated four times with a column, and the 
fraction 162—175° employed, a yield of 20 per cent. of the theoretical 
was obtained, whereas, in one case, where the ethereal salts had been 
fractionated only once, and the fraction 160—177° used for the con- 
densation, the yield was only 8 per cent. 
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Ultimately, the condensation was usually carried out in the follow- 
ing way. 

In a flask connected with a reflux condenser, sodinm (46 grams) 
was dissolved in absolute alcohol (500 grams), and then, while still 
slightly warm, first ethylic malonate (320 grams) and then the mix- 
ture (164 grams) of the ethereal salts of isopropylacrylic acid and 
trimethylacrylic acid were added; the product was subsequently 
heated for one day at 60°, and then for two days on a water bath. 
The opaque, somewhat dark-coloured product was mixed with twice 
its volume of water, acidified with hydrochloric acid, and extracted 
three times with ether; the ethereal solution was washed well with 
water and dilute sodium carbonate, dried over calcium chloride, 
evaporated, and the residual oil fractionated under reduced pressure. 
The yield of crade product and the weight of the various fractions 
obtained varied very much, without any apparent cause; the follow- 
ing result was obtained in one case, where the products from an 
experiment carried out with the quantities given above were weighed. 

The yield of crude product was 244 grams, and this on fractionation 
under reduced pressure (89 mm.) gave the following fractions: 


Below 160° = 98 grams. 
160—220 | 
220—235 mm ow 
Residue 16 - 
the fraction below 160° consists principally of ethylic trimethylacryl- 
ate, unchanged ethylic isopropylacrylate, and some unchanged ethylic 
malonate.* The fraction 220—235° is nearly pure ethylic isopropyl- 
propanetricarboxylate. 
The latter, on refractionation, boiled almost constantly at 
208—210 (45 mm.), and gave the following results on analysis. 
I. 0°1610 gave 0°3486 CO, and 0:1247 H,O. C= 59°04; H = 8°60. 
II. 01392 ,, 02998 ,, ,, 01075 ,, C = 58:74; H = 8°50. 
III. 01288 ,, 02796 ,, ,, 01000 ,, C = 59:20; H = 8°63. 
CisH0, requires C = 59°60; H = 8°61 per cent. 


Ethylic isopropylpropanetricarboxylate is a thick, perfectly colour- 
less oil which boils at 208—210° under a pressure of 45 mm. ; it is 
isomeric with the ethereal salt obtained by treating the sodium com- 
pound of ethylic isopropylmalonate with ethylic f-iodopropionate 
(see p. 1507), and which has the formula 


(COOC,H;),C(C;H;) ‘CH, CH,°COOC.H; > 


* A large amount of tle ethylic malonate employed in the above preparation is 
hydrolysed during the prolonged heating. 

+ These analyses were carried out with the products obtained from three 
different preparations. 


5 Hn 2 


1492 PERKIN: SOME DERIVATIVES OF PROPIONIC ACID, 


both ethereal salts are very similar in properties, and boil practically 
at the same temperature, and both, on hydrolysis and subsequent 
elimination of carbon dioxide, yield the same isopropylglutaric acid. 


a -Isopropylpropane-aa,a,-tricarboaylic acid, 
(COOH),.CH-CH,CH(C;H;)-COOH. 


The ethylic isopropylpropanetricarboxylate, prepared as described 
in the last paragraph, although it gives good results on analysis, is not 
quite pure, but contains traces of other ethereal salts, and on this account, 
for a considerable time, it was found impossible to obtain crystalline 
isopropylglutaric acid from it by hydrolysis and subsequent elimi- 
nation of carbon dioxide. The oily acid obtained in this way refused 
to crystallise after standing for a month in a cool place, and even 
after converting it into its anhydride, fractionating this and regenerat- 
ing the acid, the product did not crystallise. Ultimately it was 
discovered that pure isopropylpropanetricarboxylic acid may be 
readily purified by the following method, and that this pure acid, on 
subsequent heating at 180°, yields pure isopropylglutaric acid which 
crystallises quite readily. 

Ethylic isopropylpropanetricarboxylate (40 grams) is hydrolysed 
by boiling for one hour with pure potash (50 grams) dissolved in 
methylic alcohol; the clear liquid is then mixed with water, and 
evaporated on a water bath, with the addition from time to time of 
small quantities of water, until every trace of methylic alcobol has 
been removed. The concentrated solution of the potassium salt, 
after acidifying, is extracted 10 times with pure ether (free from 
alcohol), the ether evaporated, the oily residue dissolved in twice its 
volume of water, and the solution saturated with hydrogen chloride, 
the temperature being kept below 40° by cooling with ice-cold 
water. 

During this operation, crystals begin to separate, and, on standing 
for two days, the bulk of the tribasic acid separates in crystalline 
crusts ; these are collected on the pump, washed with concentrated 
hydrochloric acid, and purified by solution in water and saturation 
with hydrogen chloride as before. 


I. 0°1130 gave 0°2045 CO, and 0°0661 H,O. C = 49°36; H = 6:50. 
II. 0°1243 ,, 02235 ,, ,, 00735 ,, C = 49:04; H = 6°57. 
C,H,,0, requires C = 49°54 ; H = 6°42 per cent. 


Isopropylpropanetricarboaylic acid, when moderately rapidly heated 
in a capillary tube, melts at 165° with rapid decomposition, due to 
evolution of carbon dioxide and formation of isopropylglutaric acid, 
but if slowly heated, the decomposition takes place at a lower tem- 
perature, generally about 158°. It is very readily soluble in water, 
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the solution possessing a very strong acid reaction, but it is only 
sparingly soluble in concentrated hydrochloric acid; it dissolves also 
readily in alcohol, and moderately so in ether. 

Salts of Isopropylpropanetricarboxylic acid.—The silver salt was 
prepared by adding silver nitrate to a fairly concentrated warm solu- 
tion of the ammonium salt. It is a white, amorphous precipitate, 
which, after washing well with warm water, and drying first on a 
porous plate over sulphuric acid in a vacuum, and then at 100°, gave 
the following result on analysis. 


0°3464, on ignition, gave 0°2064 Ag. Ag = 59°58. 
C,H, Ag;O, requires Ag = 60°11 per cent. 


A neutral solution of the ammonium salt gives no precipitate with 
caleium chloride or copper acetate, but a white, gelatinous precipitate 
is formed with lead acetate. On the addition of bariwm chloride, no 
precipitate is produced at first, but on standing, or more rapidly on 
warming, an insoluble crystalline barium salt separates. 


From the experiments already described it seemed probable, as 
stated in the introduction, that when a mixture of ethylic isopropyl- 
acrylate and ethylic trimethylacrylate is digested with the sodium 
derivative of ethylic malonate, that the former alone undergoes con- 
densation, the latter remaining unchanged; in order to determine, 
therefore, whether this was really the case the following experiments 
were made. 

Experiment I.—The oil boiling below 160° (80 mm.), obtained in 
fractionating the product of the action of the mixed ethereal salts on 
ethylic malonate, as described on page 1491, was collected from several 
operations, carefully fractionated with a column, and the fraction 
160—175° digested with a large excess of the sodium derivative of 
ethylic malonate in alcoholic solution, for about three days. The 
product was isolated as before, and, on fractionation, yielded a small 
quantity of ethylic isopropylpropanetricarboxylate, showing that 
small quantities of ethylic isopropylacrylate were present in the 
ethereal salt employed. The large quantity of oil of low boiling 
point, which was obtained during the fractionation, was again treated 
with ethylic malonate as before, and yielded now only traces of 
ethylic isopropylpropanetricarboxylate ; it was very carefully frac- 
tionated, and the fraction boiling at 160—175° hydrolysed by boiling 
with alcoholic potash, and the acid obtained fractionated under 
reduced pressure, the fraction 135—142° (90 mm.) being collected 
separately. Owing to the mildness of the summer weather, this 
oil, which should contain the recovered trimethylacrylic acid, showed 
no signs of crystallising ; it was, therefore, dissolved in chloroform, 
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and titrated with bromine until the colour remained permanent, 
when about 80 per cent. of the theoretical quantity of bromine was 
absorbed, showing that this crude acid must contain a small quantity 
of some saturated acid as impurity. On allowing the chloroform to 
evaporate spontaneously, crystals gradually separated from the oily 
residue; these were collected, spread on a porous plate, and recrys- 
tallised from light petroleum ; the substance then melted at 185—190°, 
and had all the properties of dibromotrimethylprupionic acid, 
CBr(CH;)."CBr(CH;)-COOH. 
0°1391 gave 0°1906 AgBr. Br = 58°58. 
C,H, Br.0, requires Br = 58°40 per cent. 


The formation of this substance shows that when the mixture of 
ethylic isopropylacrylate and ethylic trimethylacrylate is digested 
with the sodium derivative of ethylic malonate, some of the latter, at 
all events, remains unattacked, even when the operation is repeated 
three times. 

Experiment Il.—Attempts were now made to determine whether 
any of the ethylic trimethylacrylate had taken part. in the reaction, 
in which case ethylic trimethylpropanetricarboxylate must have been 
formed, and, on hydrolysing the product of the condensation, tri- 
methylpropanetricarboxylic acid, 

(COOH).CH:C(CH;).°C H(CH;)-COOH, 
would be obtained mixed with large quantities of isopropylpropane- 
tricarboxylic acid. 

If this were the case, the former acid must be contained in the 
hydrochloric acid mother liquors, from which the latter acid had 
crystallised out as explained on p. 1492. These mother liquors were 
collected, extracted about 20 times with pure ether, ‘the ether evapo- 
rated, and the residual oily acid, dissolved in a little water, was 
saturated with hydrogen chloride, the whole being well cooled during 
the operation. 

After standing for a fortnight, the crystals of isopropylpropane- 
tricarboxylic acid which had separated were removed by filtration 
through a platinum cone, the filtrate again extracted with ether, and 
the treatment with hydrogen chloride repeated. Lastly, the small 
quantity of acid which did not crystallise was heated at 180°, and 
the residue etherified by treatment with alcohol and sulphuric acid, 
when anu oily, ethereal salt was obtained which distilled, for the 
most part, at 170—172° (90 mm.). 

As the acid obtained from this on hydrolysis did not solidify, it 
was converted into’ the anhydride by boiling with acetic anhydride, 
and the product (3 grams) fractionated, the fraction 170—175° 
(30 mm.) being reconverted into the acid; the oily acid was then 
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dissolved in a little water, and the solution saturated with hydrogen 
chloride. On standing, about 1 gram of a crystalline acid separated 
which melted at 90—93°, and consisted evidently of isopropylglu- 
taric acid, since it gave an anhydride melting at 53°, and an anilic 
acid melting at 156—158°. 

As far as can be judged from these experiments, it appears that 
ethylic trimethylacrylate is not capable of condensing with ethylic 
malonate, and I hope to prove this definitely by experiments with 
pure ethylic trimethylacrylate. 


Isopropylglutaric acid, CH(CH,);*CH(COOH):CH,-CH,COOH. 


In order to prepare this acid, pure isopropy]propanetricarboxylic 
acid is heated in an oil bath at 200° until the evolution of carbon 
dioxide has entirely ceased ; the residue is dissolved in boiling water, 
and the solution, after cooling, saturated with hydrogen chloride. 
After standing overnight, the colourless crystals which separate are 
collected ‘on a platinum cone by the aid of the pump, washed with 
concentrated hydrochloric acid, and recrystallised by dissolving them 
in a little water and saturating with hydrogen chloride as before. 

The analysis of this acid gave the following results. 


I,. 0°1485 gave 0:2970 CO, and 0:1073 H,O. © = 5454; H = 8:03. 
II. 0°1188 ,, 0°2388 ,, ,, 0°0858 ,, C = 5482; H = 802. 
C,H,,O, requires C = 55°18; H = 8°05 per cent. 


Isopropylglutaric acid melts at 94—95°. It is readily soluble in 
water, and crystallises from the hot, concentrated solution, on cooling, 
in magnificent, colourless prisms; it is sparingly soluble in concen- 
trated hydrochloric acid, and is; therefore, most economically purified 
by saturating the aqueous solution with hydrogen chloride. 

The finely powdered crystals dissolve readily in alcohol or ether, 
and moderately in cold benzene, but the acid is almost insoluble in 
light petroleum. 


Salts of Isopropylglutaric acid. 


The silver salt, CsH,,Ag,0, was prepared by adding silver nitrate 
to a slightly alkaline and fairly concentrated solution of the ammo- 
nium salt; the white flocculent precipitate was collected, washed with 
water, dried at 100°, and analysed. 


I. M 2510 gave 0°2239 CO,, 0°0702 H,0, and 0°1896 Ag. C = 24°55; 
= 3:10; Ag = 55°58. 
II. r 2487, on ignition, gave 0°1385 Ag. Ag = 55°70. 
CsH,Ag,0, requires C = 24°74; H = 3:10; Ag = 55°65 per cent. 


A dilute neutral solution of ammonium isopropylglutarate gives no 
precipitate with barium nitrate or caleiwm chloride. Copper sulphate 
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gives a bright green, gelatinous precipitate, and lead acetate, on warm- 
ing, a white, flocculent precipitate. 


Bthylic Isopropylglutarate, COOO,H,-CH (C;H,)-CHyCH,-COOC,H,. 


This ethereal salt was prepared by dissolving the crude acid 
(obtained by heating pure isopropylpropanetricarboxylic acid at 
200°) in 4 vols. of absolute alcohol, and adding 1°5 vols. of concen- 
trated sulphuric acid. After standing for two days, water was 
added, the oily ethereal salt extracted with ether, the ethereal solution 
washed with water and sodium carbonate, dried over anhydrous 
potassium carbonate, and the residual oil purified by distillation 
under reduced pressure. 

Ethylic isopropylglutarate is a colourless oil, having a strong, 
ethereal odour ; it boils at 158—160° (45 mm.). 


0°1251 gave 0°2860 CO, and 0°1079 H,O. C = 62°35; H = 9°59. 
C,.H2,0, requires C = 62°61; H = 9°56 per cent. 


H,:CH,°CO 
H(0,H,)C07 


This is readily prepared from isopropylpropanetricarboxylic acid 
by heating it at 200° until the evolution of carbon dioxide has 
ceased, dissolving the residue in freshly distilled acetic anhydride, 
heating the solution to boiling for 10 minutes, and then placing it 
over solid potash in a vacuum desiccator. After some days, the 
crystals of the anhydride are collected, left in contact with porous 
porcelain until colourless, and then recrystallised from boiling light 
petroleum (b. p. 50—60°). 

The following results were obtained on analysis. 

0°1448 gave 0°3280 CO, and 0°'1007 H,O. C = 61:77; H = 7:72. 

01490 , 03336 , , 01017 , C= 6106; H = 7°58. 

C.H,,0; requires C = 61°54; H = 7°68 per cent. 

Isopropylglutaric anhydride melts at about 53°, but not quite sharply, 
and the melted substance, on cooling, sets to a transparent, jelly-like 
mass, which, on rubbing, soon becomes crystalline and opaque. It is 
only sparingly soluble, even in boiling light petroleum (b. p. 50—60°), 
and is almost completely deposited on cooling in very voluminous, 
feathery masses, consisting of slender needles, somewhat resembling 
cotton wool in appearance. It melts in boiling water, and dissolves 
only very slowly ; on concentrating the solution and allowing it to 
stand, isopropylglutaric acid separates in magnificent, colourless 
prisms. 


Isopropylglutaric Anhydride, f 
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Isopropylglutaranilic acid, COOH-CH,°CH,-CH(C,H;)-CO-NH'C,H;, 
or COOH:CH(C;H,)-CH,°CH.-CO-NH-C.H; (?). 


In order to prepare this substance, 0°9 gram of pure isopropyl- 
glutaric anhydride was dissolved in 5 c.c. of pure dry benzene, and 
0°7 gram of freshly distilled aniline added; this occasioned a con- 
siderable rise of temperature, and in about a minute the whole crys- 
tallised. The crystals were collected, drained on porous porcelain, 
and recrystallised from dilute methylic alcohol, when beautiful, 
colourless, glistening crystals were obtained, which gave the following 
results on analysis. 


0°1384 gave 68 c.c. moist nitrogen at 18° and 755 mm. N = 5°64. 
CyuHisNO; requires N = 5°62 per cent. 


Isopropylglutaranilic acid softens at 150°, and melts at 158—159°. 
It is readily soluble in alcohol, but only sparingly in benzene, light 
petroleum, or water. It does not appear to give off water, even 
when heated at 250°, but when heated to boiling for some time in a 
test-tube, decomposition takes place, probably with formation of the 
anil; as, however, the product was not readily purified, and I had 
very little substance at my disposal, the matter was not further in- 
vestigated. 

Owidation of Isopropylglutaric acid. 


Isopropylglutaric acid is only very slowly attacked by potassium 
dichromate and sulphuric acid even on boiling; 10 grams of the 
acid heated to boiling with 15 grams of potassium dichromate, 
40 grams of concentrated sulphuric acid, and 300 c.c. of water for 
10 days in a reflux apparatus, still contained unreduced chromic 
acid. The oxidation takes place, however, much more rapidly when 
the acid (10 grams) is digested with chromic acid (30 grams) and 
sulphuric acid (50 grams, diluted with 200 c.c. of water), the 
reduction of the chromic avid being complete after three days’ boiling. 
The product from both experiments was distilled with steam until the 
condensed water ceased to have an acid reaction, the distillate was 
boiled with excess of barium carbonate, filtered, the filtrate evapo- 
rated to a small bulk, and precipitated with silver nitrate. The 
white crystalline silver salt was collected with the aid of the pump, 
washed with water, dissolved in boiling water, the hot solution filtered 
from traces of reduced silver, and allowed to stand; the glistening 
crystals of pure silver acetate which separated were collected, dried 
at 100°, and analysed. 

0°1940, on ignition, gave 0°1252 Ag. Ag = 64°54. 

CH,;-COOAg requires Ag = 64°67 per cent. 
The residue from the steam distillation was boiled with excess of 
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caustic soda, filtered from the chromium hydroxide, and the latter 
repeatedly washed with water; the combined liquors were then 
evaporated to a small bulk, acidified, and extracted three times with 
pure ether (A), and then again 30 times with pure ether (B). 

The ethereal solution A, on evaporation, deposited a greenish 
crystalline acid, which, on recrystallisation from hydrochloric acid, 
at once yielded an acid, melting at 92—95°, which proved to be 
unattacked isopropylglutaric acid. 


0'1489 gave 0°2991 CO, and 0:1075 H,O. C = 54:78; H = 8-02. 
C.H,,0, requires C = 55°18; H = 8:05 per cent. 


The ethereal solution B, on evaporation, yielded a greenish crys- 
talline mass, which contained only slight traces of isopropylglutaric 
acid. On repeatedly fractionally crystallising this substance from 
hydrochloric acid, beautiful colourless crystals were ultimately 
obtained, which melted at 183—185°, and consisted of pure succinic 
acid, as the following analysis shows : 


0°1100 gave 0°1639 CO, and 0:0523 H,O. C = 40°66; H = 5°28. 
C,H,O, requires C = 40°68; H = 5°10 per cent. 


No other acids could be isolated from the products of the oxida- 
tion, and it therefore follows that when boiled with chromic acid and 
sulphuric acid, isopropylglutaric acid is oxidised with formation of 
acetic and succinic acids. 


Action of Ethylic «-Bromotrimethylpropionate on the Sodiwm Derivative 
of Ethylic Malonate in Alcoholic Solution. 


In studying this decomposition, sodium (6 grams) was dissolved in 
alcohol (75 grams) in a flask connected with a reflux condenser, 
ethylic malonate (40 grams) and ethylic a-bromotrimethylpropionate 
(56 grams) were added, and the whole allowed to stand for some 
time. 

Very little action seemed to take place in the cold, but, on gently 
warming on a water bath, sodium bromide separated rapidly, the 
separation, after half an hour, being apparently so complete that in 
the earlier experiments the action was stopped at the end of this 
time; subsequently, however, it was found that a very much larger 
yield of condensation product could be obtained if the liquid was kept 
in vigorous ebullition for 2—3 days. At the end of this time, the 
alcohol was distilled off from a salt bath, the residue mixed with 
water, the oil which was precipitated extracted with ether, the 
ethereal solution washed, well dried over caleium chloride, the ether 
distilled off, and the light brown, oily residue fractionated under 
reduced pressure (100 mm.). 
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About half of this product distilled between 125° and 145°, the 
thermometer then rose rapidly, the greater bulk (22 grams) passing 
over between 222° and 230° (100 mm.); the latter, on refractiona- 
tion, distilled for the most part constantly at 220° (100 mm.) as a 
colourless oil, which gave the following numbers on analysis : 


0°1501 gave 0°3255 CO, and 0°1168 H,O. C = 59°14; H = 8°65. 
C,sHO. requires C = 59°60; H = 8°61 per cent. 


The careful examination of this substance showed that it was not 
ethylic methylisopropylethanetricarboxy late, 


(COOC,H;)C(CH;)(C;H;)*CH(COOC,H,)., 


but that it consisted of very nearly pure ethylic isopropylpropanetri- 
carboxylate (which it was expected would be formed during this 
reaction), identical with the product obtained by condensing ethylic 
isopropylacrylate with the sodium derivative of ethylic malonate 
(p. 1491); this was proved in the following way. 

The ethereal salt was hydrolysed with alcoholic potash, and the 
tricarboxylic acid isolated and purified exactly as described in the 
case of isopropylpropanetricarboxylic acid (p. 1492). The crystalline 
product, like the acid just named, melted at 163—165° with decom- 
position, and gave, on analysis, the following numbers : 


0'1695 gave 0°3064 CO, and 0°1002 H,O. C = 49°30; H = 6°56. 
C,H. requires C = 49°54; H = 6°42 per cent. 


On heating this acid at 200°, carbon dioxide was evolved, and the 
residue, after being twice recrystallised from hydrochloric acid, melted 
at $4—95°, and consisted of isopropylglutaric acid, as was shown by 
converting it into its anhydride (m. p. 53°), and into isopropylglu- 
taranilic acid (m. p. 157—159°), and also from the results obtained 
on analysis. 


0°1472 gave 0°2956 CO, and 0°1065 H,O. C = 54:77; H = 8:10, 
C,H,O, requires C = 55°18; H = 8°05 per cent. 

There can be no doubt that the product of the action of ethylic 
bromotrimethylpropionate on the sodium derivative of ethylic 
malonate in alcoholic solution, is ethylic isopropylpropanetricarb- 
oxylate. 


Action of Ethylic Bromotrimethylpropionate on the Sodium Derivative 
of Ethylic Malonate in Xylene Solution. 


As stated in the introduction to this paper, it has often been found 
that in cases where a glutaric acid derivative is formed by the action 
of an a-bromo-ethereal salt on the sodium derivative of ethylic 
malonate in alcoholic solution, a widely different result may be 


1500 PERKIN: SOME DERIVATIVES OF PROPIONIC AOID, 


obtained by substituting xylene for alcohol as the solvent, the product 
consisting then for the most part of a derivative of succinic acid. In 
order to determine whether this would be the case in the present 
instance, the following experiment was made. Sodium (3 grams) 
was melted under boiling xylene and the whole violently agitated so 
as to bring the sodium into a state of the finest possible division, 
ethylic malonate (20 grams) was then added, and the whole heated to 
boiling in a reflux apparatus until the sodium had completely dis- 
appeared; ethylic «-bromotrimethylpropionate (28 grams) was then 
added, and the mixture heated to boiling for twodays. The brownish 
product was shaken with water and a quantity of ether, the ethereal 
solution was separated, washed well with water and dilute hydro- 
ehloric acid, dried over calcium chloride, and the ether and xylene 
distilled off, at first under ordinary, but subsequently under reduced 
pressure. On fractionating the oily residue under 100 mm. pressure, 
the greater portion distilled below 160°, only about 6 grams passing 
over between 210° and 230°. The latter portion, on refractionation, 
passed over between 218° and 222° as a colourless oil, which, on 
analysis, gave the following results. 


0'1680 gave 0°3632 CO, and 0°1296 H,O. C = 58:96; H = 8°58. 
C,sH..O, requires C= 59°60; H = 8°61 per cent. 


That this substance consisted, in this case also, at all events for 
the most part, of ethylic isopropy!propanetricarboxylate was proved 
in the following way. 

The ethereal salt, on hydrolysis, yielded a tricarboxylic acid which 
melted at 163°, and at slightly higher temperatures decomposed, 
yielding an acid which, after recrystallisation, melted at 94—95°; 
this acid gave an anhydride melting at 53°, and an anilic acid melting 
at 156—158°; it was, therefore, evidently isopropylglutaric acid. 

It is, of course, quite possible that, in this experiment, some ethylic 
methylisopropylethanetricarboxylate may have been formed, but the 
quantity present in the product of the reaction can only have been 
small. 


Action of Phenoxyethylic Bromide, C§H,0°CH,°CH,Br, on the Sodium 
Derivative of Ethylic Dimethylpropanetricarboxylate, 
(COOC,H;),CH-C(CHs).°CH,COOC,H;. 


The reason for investigating this reaction has been mentioned in 
the introduction to this paper; the experiment was carried out as 
follows. 

Sodium (5 grams) was dissolved in absolute alcohol (70 grams) in 
a flask connected with a reflux apparatus; the solution, when nearly 
cold, was mixed with ethylic dimethylpropanetricarboxylate (62 
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grams), then phenoxyethylic bromide (45 grams) was added, and the 
whole gradually heated to boiling on a water bath. No action 
appeared to take place until the temperature had risen to about 50°, 
then sodium bromide began to separate rapidly, and after heating to 
boiling for four hours the liquid had a neutral reaction. Water was 
now added, the oily product extracted four times with ether, the 
ethereal solution well washed with water, dried over calcium chloride, 
and evaporated, when 88 grams of a very slightly coloured oil was 
obtained ; this was not analysed but directly converted into the corre- 
sponding acid by hydrolysis. 

For this purpose, the oil was heated for four hours in a reflux 
apparatus with potash (80 grams), dissolved in pure methylic alcohol, 
the bulk of the alcohol was then distilled off, water added, and the 
neutral oil (phenoxyethyl ethyl ether, CsH,O*CH,°CH,°OC,H,, see p. 
1503) which separated was extracted with ether; the aqueous solution 
was then evaporated on a water bath until quite free from alcohol, 
and the cold, moderately concentrated solution acidified with hydro- 
chloric acid. This caused the precipitation of a viscous oil, which, 
however, on adding ice and shaking well, solidified in the course of 
half an hour, to a hard, ochre-coloured mass. In order to purify it, 
the crude substance was ground up with water, well washed by means 
of the pump, dissolved in dilute sodium carbonate, and the brown 
solution heated on a water bath with purified animal charcoal for an 
hour ; after filtration, the liquid was very much lighter coloured, and, 
on the addition of hydrochloric acid, gave an almost colourless, oily pre- 
cipitate, which, however, very rapidly solidified. The solid acid was 
collected, washed with water, left in contact with porous porcelain 
for a few days, and then purified by recrystallisation from dilute acetic 
acid ; it was thus obtained in the form of colourless prisms, which, on 
analysis, gave the following numbers. 


I. 0°1106 gave 0°2676 CO, and 0°0626 H.O. C = 65°99; H = 6°33. 
IT. 0:1392 ,, 03381 ,, ,, 0°0750 ,, C = 6623; H= 5°98. 
(C.H;O-CH.-CH,),C(COOH), requires C = 66°28; H = 5°81 p.c. 
This acid melted at about 150—152° with decomposition, and was 
found, on examination, to be diphenoxyethylmalonic acid, identical 
with the acid which was subsequently prepared by the action of 
phenoxyethylic bromide on the sodium derivative of ethylic malonate, 
and is described in a previous paper (Bentley, Haworth, and Perkin, 
this vol., 169). 
Salts of Diphenoxyethylialonic acid. 
These have not been previously described. 
The silver salt, (CsH;0-CH,"CH,)C(COOAg)., was obtained as a 
curdy, white precipitate on adding an excess of silver nitrate to 
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the slightly alkaline solution of the ammonium salt of the acid. It 
was collected, well washed with water, dried on a porous plate over 
sulphuric acid and then for a short time in the water oven. 


0°1981 gave 0°2907 CO,, 0°0621 H,0, and 00759 Ag. C = 40°09; 
H = 3°48; Ag = 38°31. 
C,sH,Ag,0~. requires C = 40°86; H = 3°22; Ag = 38°71 per cent. 
The dilute solution of the ammonium salt of this acid shows the 
following behaviour with reagents. 


Caleium Chloride-—A heavy, white, amorphous precipitate. 

Barium Chloride—A white, amorphous precipitate, which, on 
boiling, apparently becomes crystalline. 

Copper Sulphate.—A light blue gelatinous precipitate, insoluble 
in water. 

Lead Acetate-—A white, gelatinous precipitate, which, on boiling, 
cakes together to a caseous mass quite insoluble in water. 


Diphenoxyethylacetic acid, (CeHs*O-CH,°CH.),CH:-COOH. 


When diphenoxyethy!malonic acid is heated at 180°, it is rapidly 
decomposed with evolution of carbon dioxide and formation of 
diphenoxyethylacetic acid, the reaction taking place quantitatively, 
as is shown by the following experiment. 


9°0224 grams of the pure dibasic acid, heated in a small flask in an 
oil bath, lost 1:1574 gram of CO, = 12°83 per cent., whereas accord- 
ing to the equation 


(C,H;"O-CH."CH,),.C (COOH).=(C.Hs-O-CH,CH.).CH*COOH + CO,, 


the calculated loss is 12°78 per cent. 

The residual monobasic acid was dissolved in dilute sodium 
carbonate, and the solution digested with purified animal charcoal 
and filtered; the filtrate was then acidified with hydrochloric acid, 
and the precipitated acid, which at first was oily but which soon 
solidified to a hard cake, was washed with water, and purified by 
recrystallisation from dilute alcohol. 


0°1264 gave 0°3334 CO, and 0°0751 H,O. C = 71°93; H = 6°60. 
(C,H,-O-CH,-CH,),.CH-COOH requires C = 72:00; H = 6°67 p. c. 
It melts at 87—88° and is identical with the acid obtained from the 
sodium compound of ethylic malonate by the action of phenoxyethylic 
bromide (Bentley, Haworth, and Perkin, this vol., 169). The follow- 
ing salts of this acid, which have not been described, were prepared 
when the acid was first obtained. 
The silver salt, (CsH;-O-CH2C H.),CH*COOAg, obtained on adding 
silver nitrate to a slightly alkaline solution of the ammonium salt 
of the acid, is a caseous precipitate, which after repeated washing 
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with water, becomes quite brittle. It was ground up, washed well 
with water and then with methylic alcohol, and dried over sulphuric 
acid. On analysis the following results were obtained. 


I. 0°2480 gave 0°4630 CO,, 0°1068 H,O, and 00646 Ag. C = 
53:11; H = 4°78; Ag = 26°05. 
IT. 0°1240 gave 0°0325 Ag. Ag = 26°45. 
C\,HipAgO, requires C = 53:07; H = 467; Ag = 26°53 per cent. 


The dilute neutral solution of the ammonium salt shows the follow- 
ing behaviour with reagents. 


Calcium Chloride.—A white gelatinous precipitate, almost insoluble 
in water. 

Barium Nitrate——No precipitate even on boiling. 

Copper Sulphate-—A light blue, caseous precipitate, which, on 
boiling, becomes granular. 

Lead acetate.—A white, caseous precipitate, which, on warming 
with water, becomes pasty and apparently decomposes. 


Phenowyethyl Ethyl Ether, C.Hs*O-C H,CH,0-C,H,. 


During the hydrolysis of the product of the action of phexoxy- 
ethylic bromide on the sodium compound of ethylic dimethylpropane- 
tricarboxylate it was found, as stated on p. 1501, that a considerable 
quantity of a neutral substance was formed. The product from 
several experiments was collected, dissolved in ether, washed with 
water, dried over calcium chloride, and the ethereal solution eva- 
porated ; on submitting the oily residue to fractional distillation, the 
greater portion boiled at 227—229°, and gave the following results 
on analysis. 


0°1502 gave 0°3974 CO, and 0°1150 H,O. C = 72:16; H= 850. 
C,0H,,0, requires C = 72°28; H = 8°43 per cent. 
There can be no doubt that this substance is phenoxyethyl ethyl 


ether, produced by the action of sodium ethoxide on the phenoxy- 
ethylic bromide used in the experiments. 


C.H;O-CH,°CH.Br + NaQC.H; = C.H,-O-CH,CH,°0-C.H, + NaBr. 


It is a colourless oil possessing a penetrating odour somewhat 
similar to that of benzyl ethyl ether, C,H;-CH.-O-C,H;. 
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Action of Phenowyethylic Bromide, C§Hs°O-CH,°CH,Br, on the Sodium 
Derivative of Ethylic Isopropylpropanetricarboxylate. Formation of 
Phenoxyethylisopropylpropanetricarboxylic acid, 

(COOH).C -— CH,CH-COOH 
CH,°CH,°0-'C,H; CH(CH;). 


In carrying out this experiment, 1°2 gram of sodium was dissolved 
in 15 grams of absolute alcohol, and, after cooling well, 15 grams of 
ethylic isopropylpropanetricarboxylate was added; the yellow solu- 
tion thus produced was mixed with 11 grams of phenoxyethylic 
bromide, and the whole heated in a reflux apparatus on the water 
bath ; at first very little action appeared to take place, but after a 
time the liquid became suddenly cloudy and quantities of sodium 
bromide separated rapidly. 

After heating for 10 hours to boiling, the product, which was 
still alkaline, was mixed with water, and extracted five times with 
ether; the ethereal solution was washed well, dried over calcium 
chloride, and evaporated, when 22 grams of a yellow oil were ob- 
tained, which did not solidify after standing over sulphuric acid in a 
vacuum for two days. 

This oil, on examination, proved to be a mixture; it was therefore 
not analysed but converted into the corresponding acids, by boiling 
for two hours with methyl alcoholic potash (20 grams). The alkaline 
product was evaporated until free from alcohol, extracted with ether 
to remove any neutral oil (phenoxyethyl ethyl ether), again evapo- 
rated, the residue dissolved in water, and, after cooling well, acidified 
with dilute hydrochloric acid. The yellowish semi-solid mass which 
was thus precipitated soon became quite solid, especially after 
adding ice and shaking well; it was collected, ground up with 
water, and washed with the aid of the pump, the mother liquors 
being preserved for subsequent investigation (see below). In order 
to purify the crude acid thus obtained, it was dissolved in dilute 
sodium carbonate, digested with purified animal charcoal, filtered, 
and the filtrate, after cooling with ice, acidified with hydrochloric 
acid, the whole being stirred during the operation. In this way an 
almost colourless precipitate of nearly pure phenoxyethylisopropyl- 
propanetricarboxylic acid was obtained, which, after washing and 
drying, resembled starch powder in appearance ; in this condition, it 
melted at 178—180° with vigorous evolution of gas. 

This product was now dissolved in much pure ether, the ethereal 
solution evaporated to a small bulk, and allowed to stand in a closed 
flask, when the pure acid separated in hard, glistening, crystalline 
crusts; these crystals were washed with ether, dried at 100°, and 
analysed with the following results. 
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I. 0°1080 gave 0°2368 CO, and 0°0640 H,O. C = 59°80; H = 658. 
IT. 01082 ,, 02286 ,, ,, 0°0630 ,, C = 60°41; H= 6°78. 
C,,H2O; requires C = 60°36; H = 6°51 per cent. 


Phenoxyethylisopropylpropanetricarboxylic acid, when heated in a 
capillary tube, softens at 178° and melts at 179—180° with rapid 
decomposition into carbon dioxide and the corresponding dibasic 
acid. It is readily soluble in alcohol, but only sparingly in benzene, 
light petroleum, chloroform, and cold water; the finely divided sub- 
stance dissolves with difficulty in boiling water, and crystallises out 
again on cooling almost completely in curious nodular masses. 

The yield of the phenoxy-acid obtained by the above method is only 
4—5 grams from 15 grams of ethylic isopropylpropanetricarboxylate, 
whereas, assuming this ethereal salt to be pure, over 17 grams should 
have been obtained. One reason for this is the formation of consider- 
able quantities of phenoxyethyl ethyl ether during the reaction, and 
thus a portion of the ethylic isopropylpropanetricarboxylate employed 
takes no part in the decomposition, and remains unchanged in 
the crude product of the reaction. On hydrolysing this crude pro- 
duct, as described above, and precipitating the phenoxy-acid with 
hydrochloric acid, isopropylpropanetricarboxylic acid remains in the 
filtrate and in the mother liquors from the purification of this acid, 
and is easily recovered by neutralising with sodium carbonate, evapor- 
ating to a small bulk, acidifying, and extracting 10 times with pure 
ether. After drying over calcium chloride and distilling off the ether, 
the oily residue was etherified by treatment with alcohol and sulph- 
uric acid, and the ethereal salt, after purification by distillation 
under reduced pressure, was employed in subsequent operations. 
Ultimately a good yield of phenoxyethylisopropylpropanetricarb- 
oxylic acid may be obtained in this way; but the preparation of this 
acid is, nevertheless, a very tedious one, many weeks being required 
in preparing it—even in small quantities. 


Phenoxyethylisopropylglutaric acid, 


COOH-CH——CH,—H-COOH 
OH, CH,0-0,H, CH(CH,),’ 


When phenoxyethylisopropylpropanetricarboxylic acid is heated at 
180—190°, it rapidly loses carbon dioxide, and, apparently also, water 
vapour, and is converted into a colourless oil which, on cooling, does 
not solidify, even on long standing, and may possibly consist of the 
anhydride of the dibasic acid. It was dissolved in boiling dilute sodium 
carbonate, the solution filtered, acidified, and extracted with pure 
ether, the ethereal solution dried over calcium chloride, evaporated 
at a low temperature, and the residual oil allowed to stand for two 
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days, when it had almost completely solidified. Considerable diffi- 
culty was experienced in endeavouring to recrystallise the acid, but 
ultimately this was: accomplished by dissolving the crude substance 
in a Jarge quantity of light petroleum (b. p. 100—120°), boiling with 
animal charcoal, filtering, and allowing the solution to stand for 
some days exposed to the air; nodular crystals then separated, 
which, after washing with light petroleum (b. p. 40—45°), gave the 


following numbers on analysis. 


0°1317 gave 0°3161 CO, and 0°0899 H,O. C = 65°43; H = 7:50. 
01431 ,, 03415 ,, , 00969 ,, C = 65°10; H = 751. 
C,sH..0; requires C = 65°30; H = 7:49 per cent. 


Phenoxyethylisopropylglutaric acid melts at about 90—93°; it is 
readily soluble in alcohol and ether, but almost insoluble in water. 
When heated for some time in a water bath, it is converted into 
an oil which, on cooling, sets to a transparent jelly; this does not 
crystallise, even on rubbing with a crystal of the pure acid, and, 
therefore, may possibly be the anhydride of the acid, especially as it 
dissolves in cold sodium carbonate with difficulty. 


XCVI.—Action of Ethylic B-Iodopropionate on the 
Sodium Derivative of Ethylic Isopropylmalonate. 
By J. L. Hemxe and W. H. Perxy, jun. 


THESE experiments which were instituted, as explained in the intro- 
duction to the preceding paper, with the object of obtaining addi- 
tional evidence of the constitution of isopropylglutaric acid, were 
conducted as follows. 

Sodium (6 grams) was dissolved in absolute alcohol (75 grams), 
the solution cooled, and very carefully purified ethylic isopropyl- 
malonate (55 grams) and ethylic A-iodopropionate (50 grams) were 
added, when a somewhat energetic action set in, the mixture 
becoming quite hot. As soon as the action had subsided, the mixture 
was heated for four hours on a water bath, in a reflux apparatus, 
water was then added, the oily product extracted three times with 
ether, the ethereal solution washed well with water containing a 
little sulphurous acid, to remove traces of iodine, dried over calcium 
chloride, evaporated, and the residual oil fractionated under reduced 
pressure (100 mm.). 

Between 150° and 210°, about 20 grams came over, the thermo- 
meter then rose rapidly to 220°, most of the residue distilling at 
225—235°, and this portion, on refractionation, distilled almost con- 
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stantly at 228—230° (100 mm.) as a thick, colourless oil, which, om 
analysis, gave the following numbers. 


01604 gave 03490 CO, and 0°1236 H,O. C = 59°34; H = 8:56. 
01444 ,, O3159 ,, ,, 01123 _ ,, C = 59°64; H = 8°65. 
C,;H»O, requires C = 59°60; H = 8°61 per cent. 


This ethylic a-isopropylpropane-aaa,-tricarboxylate, 
(COOC,H;).C(C,H;)*CH,-CH,,COOC,H,, 
is isomeric with the ethereal salt, 
(COOC,H;)..CH-CH,CH(C;H;)-COOC,H,, 


described in the preceding paper, and obtained by the action of 
ethylic a-bromotrimethylpropionate on the sodium derivative of 
ethylic malonate, or by condensing ethylic malonate with ethylic 
isopropylacrylate. Both of these ethereal salts are thick, colourless. 
oils, the former boiling apparently rather higher than the latter. 


Hydrolysis of Ethylic «-Isopropylpropane-aaa,-tricarboaylate. Forma- 
tion of a-Isopropylpropane-aaa,-tricarboxylic acid, and of Isopropylglu- 


taric acid. 


The hydrolysis of ethylic isopropylpropanetricarboxylate was 
carried out by boiling the pure substance in a reflux apparatus. 
with twice the calculated quantity of alcoholic potash for four hours ;. 
the product was mixed with water, evaporated on a water bath till 
free from alcohol, acidified, and extracted 10 times with pure ether. 
The ethereal solution was dried over calcium chloride and evaporated 
at a low temperature, when an oily acid was obtained which did not 
crystallise, even when left for some days over sulphuric acid in a 
vacuum. The analysis gave numbers indicating that the substance 
consisted of nearly pure ¢-isopropylpropane-aaa,-tricarboxylic acid. 


0°1423 gave 0°2607 CO, and 0°0810 H,O. C = 49°95; H = 633. 
C,H,,0, requires C = 49°54; H = 6°41 per cent. 


This acid differs from its isomeride, described in the preceding 
paper, in that, when its solution in water is saturated with hydrogen 
chloride, the acid does not separate in a crystalline form, and it has, 
so far, not been possible to obtain the substance in a crystalline state- 
by treatment with various solvents. 

When heated at 200°, the tribasic acid is decomposed with evolution 
of carbon dioxide and formation of isopropylglutaric acid; this was 
best purified as follows:—The crude acid was digested with acetic 
anhydride, and then converted into its anhydride; this was frac- 
tionated under reduced pressure, when almost the whole distilled at 
217—222° (100 mm.) as a colourless oil which rapidly solidified on 
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standing. The crystals were spread on porous porcelain until free 
from oily mother liquor, and the residual, colourless, crystalline mass 
recrystallised from light petroleum. 


0:1762 gave 0°3969 CO, and 0:1210 H,O. C = 61:43; H = 7°63 
C,H,,0; requires C = 61°54; H = 7°68 per cent. 


This anhydride melts at 53—54°, and crystallises from light 
petroleum in the same characteristic woolly masses as the isopropyl- 
glutaric anhydride described in the previous paper. When treated 
with aniline in benzene solution, it yields isopropylglutaranilic acid 
(m. p. 158°), which was analysed with the following result. 


(2266 gave 11 c.c. moist nitrogen at 15° and 755 mm. N = 5°65. 
C,,Hi,NO; requires N = 5°62 per cent. 


Lastly, if the anhydride be dissolved in boiling water, the solution 
concentrated, saturated with hydrogen chloride, and allowed to stand, 
hard, colourless crystals of isopropylglutaric acid separate, which 
melt at 94—95°, and resemble in all respects the crystals of isopropyl- 
glutaric acid obtained in the manner described in the previous 
paper. 

0:1470 gave 0°2963 CO, and 0:1067 H,O. C = 55:07; H = 7°93. 

C.H,O, requires C = 55°17; H = 8:04 per cent. 


While these experiments were in progress and nearly completed, 
we heard from Professor Auwers that he had instituted similar 
experiments in conjunction with Mr. A. W. Titherley.* 

These chemists studied the action of ethylic B-iodopropionate on 
the sodium derivative of ethylic isopropylmalonate, and thus obtained 
an ethereal salt boiling at 197° (83 mm.), which, although not 
analysed, was obviously identical with the ethylic a-isopropylpro- 
pane-aaa,-tricarboxylate obtained by us, and which distilled, as stated 
above, at 228—230° (100 mm.). 

This ethereal salt was then hydrolysed by boiling with hydro- 
chloric acid, and thus converted into a remarkably stable crystal- 
line diethylic salt of the formula 

(COOC,H;),C(C,H,)-CH,,CH,,COOH, 

({m. p. 68—69°), which appears to resist the further action of the 
acid ; when boiled with alcoholic soda, however, it is hydrolysed, 
with formation of a syrupy acid, which evidently consists of not 
‘quite pure isopropylglutaric acid. As soon as Professor Auwers 
heard that we were investigating this subject and had already 
‘obtained pure isopropylglutaric acid, he did not continue his experi- 
ments, but kindly left the completion of the research to us. 


* The results of these experiments have since been published in the Annalen, 
1896, 292, 217. ree 
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Pentane-ayya,-tetracarborylic acid, (COOH),C(CH,*CH,-COOH);. 


In our first experiments on the action of ethylic B-iodopropionate 
on the sodium derivative of ethylic isopropylmalonate, a sample of the 
latter was employed which boiled at 209—211°, and which, although 
it had been carefully prepared, must evidently, from the results 
subsequently obtained, have contained some unchanged ethylic malo- 
nate. This fraction was treated with sodium and ethylic B-iodo- 
propionate, as described on p. 1506, and the product distilled under 
reduced pressure (30 mm.), when, after the ethylic isopropylpro- 
panetricarboxylate had passed over, a considerable fraction was 
obtained, boiling at 230—235°. After again fractionating, this oil 
gave the following results on analysis. 


01411 gave 0:2957 CO, and 0:1019 H,O. C= 57:13; H = 8:03. 
C,,H,,0, requires C = 56°67; H = 7°78 per cent. 


The further examination of this substance showed that it was 
ethylic pentane-ay«,-tetracarboxylate, identical with the compound 
obtained by Emery (Ber., 1891, 24, 282) by treating the sodium 
compound of ethylic malonate with ethylic 8-bromopropionate. 


(COOC,H;).CNa, + 2CH.Br:CH,-COOC,H; = 
(COOC,H,),C(CH,-CH,-COOC,H;). + 2NaBr. 


Emery gives the boiling point of his ethereal salt as 215° (13 mm.). 
From the ethereal salt, the corresponding tetracarboxylic acid, which 
is not described by Emery, may be obtained in the following way. 
It is hydrolysed by boiling with an excess of alcoholic potash for two 
hoars in a reflux apparatus, the solution mixed with water, boiled until 
free from alcohol, evaporated to a small bulk, acidified, and extracted 
at least 30 times with pure ether, as the acid is only sparingly soluble 
in ether and very difficult to extract. After drying the ethereal solu- 
tion over calcium chloride and evaporating to a small bulk, crystal- 
line crusts are deposited on standing; these were collected, washed 
with ether, dissolved in a very little water, and the solution saturated 
with hydrogen chloride, when almost the whole of the acid separated 
as a colourless, sandy powder, which gave the following results on 
analysis. 

0°1321 gave 02112 CO, and 0:0594 H,O. C= 43°61; H = 4°99. 

C,;Hy,O, requires C = 43°55; H = 4°84 per cent. 


Pentane-ayyx,-tetracarboxylic acid, when heated in a capillary tube, 
decomposes rapidly at about 185—187° with vigorous evolution of 
gas, and formation of pentane-aa,-tricarboxylic acid. 
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Pentane-aya,-tricarboxylic acid, COOH:CH(CH,-CH,-COOH)),. 


This acid was prepared by heating the corresponding tetracarb- 
oxylic acid at 200° until the evolution of carbon dioxide had ceased. 
The syrupy residue was dissolved in hot water, and the solution, after 
cooling, saturated with hydrogen chloride, bat no crystallisation took 
place even on long standing; when, however, the solution was placed 
over solid potash in a vacuum desiccator, beautiful colourless prisms 
separated after some days; these were collected, dried at 90°, and 
analysed. 


I. 0°1785 gave 0°3078 CO, and 01001 H,O. C = 47:03; H = 6:29. 
II. 01431 ,, 02478 ,, , 00768 , C= 47:23; H = 5°97. 
CsH.0, requires C = 47:06; H = 5°88 per cent. 

Pentane-ay%,-tricarborylic acid melts at 114—115° with slight 


previous softening. Emery (Ber. 1891, 24, 284) gives the melting 
point at 106—107°. 


XCVII.—Note on y-Acetobutyrie acid, 
CH,°CO-CH,CH,'CH,-COOH. 
By W. H. Bentiey and W. H. Perky, jun. 


Durine the course of an investigation on sulphocamphylic acid, the 
results of which, it is hoped, will soon be ready for publication, a 
ketonic acid was obtained, which had many properties in common 
with, and was for a long time thought to be, y-acetobutyric acid. 
This acid has already been prepared by Wolff (Annalen, 1883, 216, 
129) from ethylic acetylglutarate, by hydrolysis with dilute hydro- 
chioric acid, 


CH;-CO-CH(COOC,H;)-CH,CH,-COOC.H; 4- 2H,O = 
CH;CO:'CH,°CH,-CH.,,COOH + CO, + 20,H,;°OH, 
and by Lipp (Ber., 1885, 18, 3251), by the oxidation of acetobutylic 
alcohol, CH;-CO-CH,°CH,°CH,CH,°OH, with potassium dichromate 
and sulphuric acid. 

It is a colourless oil, which boils at 274—275° with slight decom- 
position; it solidifies in a freezing mixture with difficulty, the crys- 
talline substance melting at 13°, whilst with water it yields a 
crystalline hydrate, CH;C(OH).°CH,-CH;CH.COOH, which melts 
at 35—36°. As these properties of acetobutyric acid proved to be 
altogether insufficient for the purposes of comparison with the acid 
obtained from sulphocamphylic acid, we have prepared considerable 
quantities of the former and carefully examined two new derivatives, 
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namely, the oxime, CH;C(NOH):-CH,CH,CH,COOH (m. p. 104— 
105°), and the semicarbazone, i aneaa (m. p. 
173—174°), which are well characterised, and will serve in future for 
the identification of the acid. 

At the same time, we have introduced some improvements into the 
preparation of this acid, and hope that the following short account 
will be of value to subsequent investigators. 


Preparation of y-Acetobutyric acid, CH;;CO*-CH,CH,CH,-COOH. 


The method which we employed in the preparation of this acid was 
similar to that recommended by Wolff and mentioned above, namely, 
by the hydrolysis of ethylic acetoglutarate. Sodium (3°4 grams) is 
dissolved in alcohol (45 grams), and to the well-cooled solution, first 
ethylic acetoacetate (19 grams) and then ethylic B-iodopropionate 
(33 grams) are added. The reaction takes place readily, the mix- 
ture getting quite hot; after standing for half an hour, the whole is 
heated on a water bath for two hours, water is then added, and the 
oily product extracted with ether. The ethereal solution after being 
well washed with water containing a little sulphurous acid to remove 
traces of iodine, is dried over calcium chloride, evaporated, and the 
oily residue, which weighs about 26 grams, is purified by distillation 
under reduced pressure (50 mm.). The crude substance commences 
to boil at 130°, but, after a few drops have passed over, the tempera- 
ture rises rapidly to 190°, and nearly the whole passes over between 
this and 200°, a small quantity only of a residue of high boiling point 
remaining in the retort. Pure ethylic acetylglutarate is a colourless 
oil, which boils at 195—197° (50 mm.); on analysis, it gave the 
following result. 


0°1180 gave 02478 CO, and 0:0845 H,O. C=57:27; H=7°94. 
CH,,0; requires C = 57°39; H = 7°83 per cent. 

It is best to distil this ethereal salt under reduced pressure, as it is 
then readily obtained pure, whereas, if distilled at the ordinary pres- 
sure, as recommended by Wislicenus and Limpach, it decomposes 
somewhat, owing to the high temperature at which it boils (271—272°). 

In order to obtain acetobutyric acid, the fraction of the ethereal 
salt distilling at 190—200° (50 mm.) is boiled in a reflax apparatus 
with 5 vols. of dilute hydrochloric acid (1 vol. of concentrated acid to 
2 vols. of water). The oily Jayer rapidly disappears with evolution 
of carbon dioxide, and hydrolysis is complete after five hours, although 
Wolff recommends boiling for 8—10 hours. In order to isolate the 
product, Wolff fractionated the hydrochloric acid liquid direct, but this 
always causes considerable decomposition of the acetobutyric acid, 
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and we found that a much better result was obtained by proceeding 
as follows. The acid liquid, while still warm, is saturated with 
ammonium sulphate, and the acetobutyric acid, nearly the whole of 
which separates on the surface as an oily liquid, is extracted six times 
with ether. The ethereal solution is dried over calcium chloride, 
evaporated, and the residual, almost colourless oil is fractionated 
under reduced pressure, when almost the whole distils at 195—200° 
(65 mm.), the yield being about 85 per cent. of the theoretical. 


0°1322 gave 0°2676 CO, and 0°0926 H,O. C = 55°20; H= 7-79. 
C,H O; requires C = 55°38; H = 7°69 per cent. 


The acetobutyric acid prepared in this way was a perfectly colour- 
less, moderately thick oil, which when mixed with a little water 
rapidly solidified to colourless crystals of the hydrate 


CH,C(OH),*CH,CH,CH,-COOH. 


Oxidation with Nitric acid.—A few grams of the pure acid were 
gently heated with nitric acid (sp. gr. 1:2) in a reflux apparatus, 
when oxidation soon commenced, red fumes being copiously evolved. 
After boiling for about two hours, the product was diluted with 
water, evaporated to dryness on the water bath, and the crystal- 
line residue, after being left in contact with porous porcelain until 
colourless, was recrystallised from concentrated hydrochloric acid. 
The colourless crystals which separated melted at 180—183°, and 
were found to consist of pure succinic acid, the oxidation having 
taken place at the y-CH, group marked *, 


CH,-CO-CH,CH,-CH,-COOH. 
It was at first thought probable that the reaction might take place 
in such a way that glutaric acid would be produced; probably this 
acid is formed when bromine in presence of potash is used as the 
oxidising agent, as in this case quantities of tetrabromomethane, 
CBr, are deposited in a crystalline condition. 


Oxime of Acetobutyric acid, CHs;C(NOH)-CH,°CH,°CH,-COOH. 


This was prepared by dissolving hydroxylamine hydrochloride 
(5 grams) in a small quantity of water, adding acetobutyric acid 
(6 grams) and then, after cooling, mixing the clear solution with a 
concentrated solution of potash (7 grams). After 20 hours, the 
liquid was acidified, saturated with ammonium sulphate, and 
extracted at least 25 times with ether. The ethereal solution was 
dried over calcium chloride, evaporated, and the solid residue purified 
by recrystallisation from benzene. 


0°1563 gave 13 c.c. moist nitrogen at 18° and 760 mm. N = 9°60. 
C,H,,NO; requires N = 9°65 per cent. 
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The oxime of acetobutyric acid crystallises from benzene in colour- 
less prisms, and melts at 104—105°. It is readily soluble in alcohol, 
water, and hot benzene, but only sparingly in ether, light petroleum, 
or cold benzene. 


Acetobutyric acid semicarbazone, ClyOgeeee 
2 


In order to prepare this substance, semicarbazide hydrochloride 
was dissolved in a very little warm water, the solution mixed with 
an equal quantity of hot concentrated sodium acetate solution, the 
acetobutyric acid added, and the clear liquid heated to boiling for a few 
seconds ; on cooling, the semicarbazone rapidly separated in crystals, 
which, after standing over night, were collected, washed, and 
purified by recrystallisation from a little hot water. 


0°1016 gave 20 c.c moist nitrogen at 19° and 758 mm. N = 22°56. 
C,H,:N;0; reyuires N = 22°46 per cent. 

Acetobutyric acid semicarbazone, when heated in a capillary tube, 
softens at 168°, and melts and decomposes at 173—174°. It is readily 
soluble in hot water, and crystallises from the solution on cooling in 
colourless, glistening needles. 


XCVIIL.— Action of Chloroform and Potassium 


Hydroxide on Metamidobenzoic acid. 
By Water Joun Exuiorr, M.A. 


As the action of chloroform and potash on amido-acids of the aro- 
matic series had not been investigated, it seemed of interest to 
ascertain whether the presence of the carboxyl group would cause 
any variation in their ordinary action on compounds containing the 
amido-group, especially as Dr. Ruhemann and the author have shown 
that, in the case of phenylhydrazine, the reaction is not normal, the 
substances formed not being isonitriles (Ruhemann and Elliott, 
Trans., 1888, 53, 850; Ruhemann, Trans., 1889, 55, 242). 

In the early experiments, a solution of potash in alcohol was used, 
but a solution in water was afterwards found to give a better yield. 
5 grams of metamidobenzoic acid dissolved in spirit were added to a 
solution of 15 grams of potash also dissolved in spirit, and the mix- 
ture was heated on a water bath in a flask furnished with a reflux 
condenser; 8 grams of chloroform were then carefully added, and 
the whole boiled for some time. On cooling, diluting considerably 
with water, and acidifying with dilute hydrochloric acid, a yellow, 
amorphous precipitate was thrown down after a time; in some of 
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the experiments, a’slight isonitrile odour was detected before acidi- 
fying. After collecting and washing the product, attempts were 
made to purify it by crystallisation, but no solvent for it has yet been 
found ; it is insoluble in water, alcohol, ether, chloroform, benzene, 
petroleum, acetic acid, and acetone; consequently, its purification has 
been a matter of great difficulty, increased by the fact that it does 
not melt below 300°, aud darkens and decomposes above that tem- 
perature. It has, however, acid properties, dissolving in alkalis and 
in sodium carbonate solution, consequently an attempt was made to 
purify it by dissolving it in sodium carbonate solution, boiling with 
animal charcoal, and acidifying, but no precipitate was thrown down, 
and, on shaking with ether, nothing was removed from the solution. 
The substance must, therefore, be decomposed by hot alkaline solu- 
tions ; it was found, however, to be reprecipitated by acids from cold 
alkaline solutions, and this method of purification was tried. After 
washing the reprecipitated substance, it was dried at 100° and 
analysed. Since the substance does not melt, the relative purity of 
different specimens could only be determined by analysis. 

The numbers I, II, and III were obtained by analysis of the repre- 
cipitated substance, the crude product (after washing with hot water 
and hot alcohol) giving the results IV and V. 


a II. Ill. Iv. V. Aldehyde. 
574 5666 — 554 55°72 58:18 
43 448 — 502 513 424 
Nitrogen ....... — — 816 — _ 8°48 


As the results of analysis given above show that the percentage of 
carbon is less than in metamidobenzoic acid itself, the substance 
cannot be an isonitrile; but it led me to examine the reactions of the 
product with Fehling’s solution and with phenylhydrazine, with a 
view of ascertaining whetber it was an aldehyde or allied compound. 


A compound having the composition NH,°C,H;(COOH)-COH would — 


have the percentage composition given above in the last column, 
headed ‘‘ Aldehyde”; these numbers are in fairly close agreement 
with the results of analysis. 

Fehling’s solution is readily reduced by it on heating, and almost 
decolorised even at the ordinary temperature. When suspended in 
alcohol and treated with a quantity of phenylhydrazine calculated on 
the basis of the aldehyde formula, the substance dissolves slowly at 
ordinary temperatures, and readily on heating, yielding a deep red 
solution from which red crystals are precipitated on the addition of 
water. These reactions indicate that the product is an aldehyde or a 
compound allied to an aldehyde. 

In order to obtain further evidence of the aldehyde nature of the 
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product, an aqueous solution was substituted for the alcoholic solu- 
tion of potash, in fact the ordinary method for the preparation of 
hydroxy-aldehydes from phenols was used; this was found to give 
a far better yield. 10 grams of the acid were dissolved in a solution 
of 20 grams of potash in about 200 c.c. of water, 14 grams of 
chloroform gradually added, and the whole boiled for about three 
quarters of an hour; the solution was then boiled with animal 
charcoal for a short time, filtered, cooled, acidified with acetic acid, 
and left for five or six hours, when about 6 grams of the crude 
product were deposited. 

As all other methods of purification had failed, fractional pre- 
cipitation from the potash solution was tried. The solution acidified 
with acetic acid was allowed to remain for two hours, filtered from 
the precipitate which had formed, and again allowed to stand for 
several hours. The precipitate then formed was well washed with 


warm water, and dried in a vacuum. 

Found. 
Theory for r A ~ 
C.,H;NO3,. I. II. Ill. 


Carbon 58°18 5780 5811 — 
Hydrogen...... 4°24 5°02 4°74 — 
Nitrogen....... 848 — — 8:36 


The substance, therefore, has the empirical formula, CsH;NO;. 

With the ammoniacal solution of the acid, silver nitrate gives a 
yellowish precipitate, which readily decomposes. The barium salt was 
then prepared by adding barium chloride to a neutral solution of the 
acid in ammonia, the yellow precipitate was collected, washed with 
water, and dried in a vacuum. On analysis it was found to contain 
29°97 per cent. of barium, theory requiring 29°46 per cent. for a 
salt of the formula (C,H,NO;),Ba. 

Since the acid was decomposed when boiled with alkalis, it seemed 
possible that it might also decompose when boiled with water. 
5 grams of the pure acid, when boiled for some time with water 
gradually dissolved, yielding a clear yellow solution, from which, on 
cooling, clusters of yellow crystals were deposited ; more of the sub- 
stance being obtained on shaking the mother liquors with ether, and 
crystallising the residue left on distilling off the ether. The crystals 
resembled metamidobenzoic acid in appearance, and melted at the 
same temperature (174°); this was confirmed by the result of an 
analysis. 


Theory for 
NH,-C,H,COOH. Found. 


Nitrogen........-- 10°21 10°4 
Hence on boiling with water metamidobenzoic acid is formed. The 
fact that a solution of the acid in an alkali, after being boiled and 
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acidified, gave nothing when shaken with ether, is due to the met- 
amidobenzoic acid formed having combined with the mineral acid to 
give a salt insoluble in ether. 


The Phenylhydrazine Compound. 


Owing to the small yield of this compound, and the fact that it is 
not very stable, the examination is incomplete, but enough infor- 
mation has been obtained to warrant a suggestion as to its constitu- 
tion. 

Five grams of the pure acid were suspended in alcohol, 3°5 grams 
of phenylhydrazine added, and the mixture gently heated until solu- 
tion was complete. After filtering, water -was added, and the red 
precipitate collected and purified by several recrystallisations from 
dilute alcohol or benzene. It crystallises from alcohol in red needles, 
which soften and decompose slightly when heated for any length of 
time at 100°, hence the substance should be dried in a vacuum. The 
pure dry product melts at 116°, and decomposes with some vigour at 
a higher temperature. It is soluble in alcohol, ether, and benzene, 


and slightly so in water. 
Found. 


Theory for om 
C,H). 4. I, IT. IIT. 


Carbon ...... 71°18 70°75 7072 — 
Hydrogen.... 5°08 541 528° — 
Nitrogen ..... 23°73 — — 2411 2407 


This substance, therefore, has the empirical formula C;H,N:, and 
contains no oxygen. When treated with hydrochloric acid, a dark 
coloured product is obtained which is easily decomposed by washing 
with water, yielding the original compound; it is, however, slightly 
soluble in the acid, forming a crimson solution. The red compound 
appears to have, therefore, feeble basic properties; with dilute 
sulphuric acid also, it forms a dark coloured product, decomposed by 
water; strong sulphuric acid dissolves it with a deep bluish-green 
coloration. The alcoholic solution dyes a deep yellow, which is 
turned crimson by acids, but the latter colour is destroyed by water. 
These facts are accounted for if the substance is considered to be a 
disazo-compound, with the following formula: 

C,H, N:N-CH:CH-N‘N-C,H; ; 
and another reason for this formula is given later. 

In order to ascertain whether any other product was obtained by 
the action of phenylhydrazine, the original filtrate from the red com- 
pound was diluted with more water and shaken with ether, and the 
ether distilled off. The residue, which contained phenylhydrazine, 
was crystallised from alcohol and the product purified by several 
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recrystallisations from alcohol and from water; it then melted at 
173°, and, on analysis, was found to contain 10°20 per cent. of 
nitrogen; it is, therefore, metamidobenzoic acid. No other com- 
pound could be isolated. An attempt was also made to obtain a 
hydrazone in the usual way, but without result. When the barium 
salt is suspended in alcohol and heated with phenylhydrazine, the 
solution becomes deep red, and, on filtering, and adding water to the 
filtrate, a red substance is precipitated which has all the properties of 
the red crystals mentioned above; the quantity obtained, however, 
was insufficient for analysis, the yield being small. 


Conclusion. 


The results of analysis of the acid formed by the action of chloro- 
form and potash on metamidobenzoic acid point to the formula 
C,NH,0;, but, unlike the aldehydes, it forms no condensation product 
with strong ammonia solution, and no compound with sodium hydro- 
gen sulphite solution; moreover, it is insoluble in all solvents. 
With phenylhydrazine, it yields no hydrazone, but only metamido- 
benzoic acid and an azo-compound of the formula CyH,,N,, and, 
when boiled with water and alkalis, it decomposes, yielding meta- 
midobenzoic avid. 

These reactions are explained if the following constitution is 
assigned to this compound :—C,;NH,0..CH(OH):CO-C,NH,0O,, that 
is, diamidodicarboxybenzoin. This constitution will explain the ease 
with which the compound decomposes. When boiled with water, it 
is oxidised, giving metamidobenzoic acid and carbon dioxide. A 
similar reaction takes place when the compound is boiled with alkalis, 
With phenylhydrazine, an osazone is probably first formed according 
to the following equation : 

Cs + ROM ENE, we ee 

aires abner: * = 0,NH,0,0:N-NH-C.H, 
2H,0 + H:, 


but the hydrogen instead of reducing the phenylhydrazine, as is 
usually the case, reacts on the osazone and sets free metamidobenzoic 
acid ; at the same time, a molecular transformation takes place with 
the formation of a disazo-compound of the formula 
C.H,'N:N-CH:CH'N:N:C,Hs. 
C,;NH,0,°C:N-NH:-C,H; 
C,NH,O, -N-NH-C,H; 


+ H, = 2C,H,;NO, + CuHiN,. 


A similar molecular transformation takes place when phenylhydr- 
azine acts on the naphthaquinones, azo-compounds being formed 
instead of hydrazones. 
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The reactions between chloroform, aqueous potash, and various 
other aromatic compounds, such as phenylhydrazine and metanitro- 
benzoic acid, are now being investigated, and I hope to be able to 
communicate the results to the Society in a short time. 

My thanks are due to Mr. F. Beames, B.Sc., for help rendered 
during the course of this research. 


The Grammar School, 
Bristol. 


XCIX.—Contributions to our Knowledge of the Aconite 
Alkaloids. Part XIII. On Atisine, the Alkaloid of 


Aconitum heterophyllum. 
By Hooper Atsert Dickinson Jowerst, D.Sc. Lond., Research Fellow 
of the Pharmaceutical Society. 


Amonast the many species of Aconitum known to botanists, there is 
one—Aconitum heterophyllum—which especially attracts attention, 
because it is not poisonous. In this respect it differs from the other 
species of Aconitum which have been chemically examined. The roots 
of this plant are sold in the Indian bazaars as atis, or atees, and have 
long been used in India on account of their medicinal value, but very 
little is known concerning the chemical constituents of the root. 

In 1873, Broughton (Blue Book, Hast India Cinchona Cultivation, 
1877, 133) isolated an alkaloid from the roots of the plant, to which 

‘he gave the name atisine, and proposed for it the formula O,H,,N20,. 
The alkaloid was only obtained as an amorphous varnish, yielding, 
however, a crystalline sulphate and hydrochloride. The platini- 
chloride was also prepared, and the formula above given was deduced 
from the analyses of this salt, which, however, have not been 
published. 

In 1879, Wasowicz (Arch. Pharm., 214, 193) isolated the same 
alkaloid from the roots of the plant, and also aconitic acid. He 
adopted Broughton’s formula for atisine with very slight modifica- 
tion, and prepared the haloid salts in the crystalline condition. The 
hydriodide was found to be only sparingly soluble in cold water, and 
could thus be easily purified by recrystallisation ; on analysis, results 
were obtained corresponding with the formula, C,H,,N,0,,HI,H,0. 

In 1879, Dr. Alder Wright (Year Book of Pharmacy, 1879, 422) 
proposed for atisine the formula, C.,.H3,NO,, based on a single ana- 
lysis of the amorphous aurichloride, the quantity at his disposal 
being too small for further examination. 


—_-- onmameona s..nth», ss Aa & a> 


THE ALKALOID OF ACONITUM HETEROPHYLLUM. 1519 


In the course of the investigation described in this paper, the 
properties of the base and its salts have been carefully determined. 
A satisfactory method has been devised for the extraction of the 
roots and the preparation of pure material, and the presence of 
aconitic acid, mentioned by Wasowicz, has been confirmed. 


Extraction of the Alkaloid from the Root, and its Purification. 


The solvents, previously used to extract the alkaloidal salts from 
the aconite roots, have been chiefly alcohol acidified with 1 per cent. 
tartaric acid, or more recently amylic alcohol (steam-distilled fusel 
oil). 

After a number of experiments with different solvents such as 
light petroleum, ether, alcohol, &c., had been made, it was found 
that the most satisfactory results were obtained by using a mixture 
of methylic and amylic alcohols, in the proportion of three volumes 
of methylic alcohol to one volume of amylic alcohol, the commercial 
wood spirit and fusel oil being employed for this purpose. ‘The 
advantages of this solvent for the extraction of the roots are (i) the 
roots are completely extracted in a very short time, and the percolate 
does not contain very much colouring matter, resin, &c., although 
more than if amylic alcohol alone were used ; (ii) the percolate can be 
reduced to a small bulk without very much heating, as the methylic 
alcohol can be distilled off at a low temperature under diminished 
pressure, thus preventing decomposition of the alkaloid by heat; 
(iii) the alcoholic solution thus obtained deposits a large quantity of 
fat and colouring matter, from which the alcohol containing the 
alkaloid in solution can be separated by decantation. The alkaloid 
can then be extracted by shaking the alcoholic solution with 1 per cent. 
aqueous sulphuric acid, and following the methods described when 
amylic alcohol alone is used. This solvent, which has since been 
successfully employed for the extraction of other species of aconite 
roots, possesses the advantage of both methylic and amylic alcohols. 
with none of their attendant disadvantages. 

About 60 lbs. of the root in fine powder were extracted by per- 
colation with the above medium, and the percolate obtained, which 
was of a dark brown colour, was distilled over a water bath, when 
most of the methylic alcohol, together with a little amylic alcohol, 
was removed. On standing, the alcoholic solution deposited a large 
quantity of very dark coloured fat, which was separated by decanta- 
tion; the solution in amylic alcohol was then repeatedly shaken 
with 1 per cent. aqueous sulphuric acid until no more alkaloid was 
extracted, the acid liquid shaken twice with chloroform to remove 
amylic alcohol, and then, after neutralisation, concentrated by 
evaporation on a water bath. The concentrated solution, which was. 
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dark coloured, was rendered alkaline by aqueous sodium hydroxide, 
and then repeatedly shaken with ether or chloroform until no ap- 
preciable amount of alkaloid was any longer extracted. It is not 
possible, however, by this method to extract the whole of the alkaloid 
from the aqueous liquid. 

The ethereal (or chloroform) solution, after being washed once or 
twice with water, is distilled, and the residue dissolved in dilute 
sulphuric acid, using as small an excess as possible. The solution 
thus obtained is dark brown, and still contains in addition to the 
alkaloidal salt, a large quantity of resinous and colouring matter, 
which prevents crystallisation when the solution is evaporated. 

These attendant impurities are best removed by fractionally pre- 
cipitating the alkaloid with aqueous sodium hydroxide, the first 
fractions containing nearly the whole of the impurities, whilst the 
later fractions consist of almost pure alkaloid; this fractionation is 
repeated several times, until the acid solution of the alkaloid is 
almost colourless. The freshly precipitated alkaloid, after being col- 
lected and washed, is suspended in water and dissolved in exactly the 
right quantity of dilute hydrochloric acid to form a neutral solution 
of atisine hydrochloride. This, when slowly evaporated on a water 
bath, yields crystals, which are collected and re-crystallised once or 
twice from water, and then from alcoho]; on adding ether to the 
alcoholic solution until there is a faint permanent turbidity, and then 
setting it aside in a stoppered bottle, fine needle-shaped crystals of 
the pure hydrochloride are obtained. These are collected and dried 
in the usual manner. ; 

For the extraction of the remaining traces of alkaloid in the 
different filtrates obtained during fractionation, and in the mother 
liquor after extraction with ether, a different method is employed. 
The solution is rendered faintly acid and excess of potassio-mercuric 
iodide added, the precipitate thus produced is first thoroughly 
washed several times by decantation with water, and then suspended 
in water, and decomposed by passing hydrogen sulphide through the 
mixture; the precipitate is then collected, extracted by boiling water 
until no more is dissolved, and the aqueous extracts mixed and 
allowed to cool; on standing, very faintly coloured crystals of atisine 
hydriodide separate, which may be purified by recrystallisation from 
hot water. A few crystals can be obtained by concentrating the 
original filtrate, but owing to the sparing solubility of the salt in 
cold water, scarcely anything is left in the mother liquors. 

In this way the whole of the alkaloid is obtained as the sparingly 
soluble crystalline hydriodide, and the easily soluble hydrochloride, 
the amount of hydriodide contained in the mother liquor being so 
small that it may be neglected. 
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The total amount of alkaloid contained in the root is small, from 
0-2 to 0°3 per cent., and no evidence was obtained of the existence of 
any alkaloid other than atisine, 


Identification of Aconitic acid from the Root. 


As the melting point of the acid obtained by Wasowicz did not 
agree with that recorded for aconitic acid by other observers, I pre- 
pared the acid from the root, and examined its properties. It was 
isolated by means of its lead salt, which was then decomposed by 
hydrogen sulphide, and purified by crystallisation from water until 
its melting point was constant. It is a white, crystalline substance, 
very soluble in ether or water, and, when dried at 100°, melted and 
decomposed with effervescence at 191°5° (corr.). Aconitic acid melts, 
and decomposes with effervescence, at 191°. 

On analysis, the acid and its silver salt yielded the following data. 


0:0382 acid required 12°5 c.c. N/20 soda. 
0:0758 silver salt gave 0°0494 Ag, Ag = 65°17. 
Calculated for C,.H,O., 13°1 c.c. and 65°45 per cent. silver. 


The acid is thus proved to be aconitic acid. 


Composition and Properties of Atisine and its Salts. 


The base, which has ouly been obtained as a colourless varnish, is 
prepared as follows. The aqueous solution of a salt (preferably the 
hydrochloride) is rendered alkaline by sodium hydroxide, and the 
alkaloid, which is precipitated in white flocks, is extracted by 
shaking with ether; the ethereal solution, after being shaken with a 
little water until free from alkali, is dried with calcium chloride, and 
the ether removed by distillation. The base is thus left as an 
amorphous, colourless varnish, which is slightly soluble in water, 
freely soluble in alcohol, ether, or chloroform, and insoluble in 
light petroleum, It readily undergoes decomposition when heated, 
becoming brown, and forming a resinous substance. All attempts 
to crystallise it from various solvents failed. Its alcoholic solution 
is levorotatory, although the salts are dextrorotatory, a determina- 
tion yielding the following results. 

af 19°] = — 2°64°; 1 = 2dm; ¢ = 6°728. 
100 x 2°64 _ — _19-R° 

Whence —.: [a]p = —19°6°, 

Atisine hydrochloride, C2.H,NO,,HCI, is prepared by dissolving the 
base in exactly the requisite quantity of aqueous hydrochloric acid, 
and crystallising the salt from the aqueous solution thus obtained. 
It may also be crystallised from alcohol by the addition of ether. As 
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thus obtained, the pure hydrochloride forms long, transparent 
prisms, occurring either singly or in rosettes. The crystals are 
anhydrous, as there is no loss in weight when they are heated at 
100—130° for five hours. The salt is very soluble in water and 
alcohol, less so in benzene and acetone, and sparingly in dry chloro- 
form; it is insoluble in ether and in light petroleum. When dried 
at 100°, it melts and decomposes with effervescence at about 296° 
(corr.). The aqueous solution is dextrorotatory, two determinations 
yielding the following results : 
(i) [19°] = +0°61°; 2 = dm; ¢ = 1691. 
100 x 0°61 


— —_ *1)Q0 
Whence Ox 169L = [a] = +18 03°. 


(ii) a[24°] = +0°38°; 1 = 2dm; c = 1:002. 

; 100 x 0°38 _ oh .9° 

Whence ra he [a]p = +18°9°. 

Mean of two determinations. [a]p = +18°46°. 
On analysis— 


0°1776 of salt gave 0°0684 AgCl. Cl = 9°53. 
C2Hs,NO,,HCl requires Cl = 9°36 per cent. 


The molecular weight of the salt, determined by the depression of 
the freezing point of glacial acetic acid, gave the following result : 


Weight of salt taken....... 
Weight of solvent .... 
Depression of freezing point. . 


3°146 
0°34 
C..H;,N0.,HCl requires 377°4. 


Atisine hydrobromide, C22.H;,NO,,HBr, prepared in a similar manner 
to the hydrochloride, crystallises from a mixture of alcohol and ether 
in long needles, which are anhydrous. It is freely soluble in water 
or alcohol, less so in chloroform, insoluble in ether, and melts and 
decomposes with effervescence at 273° (corr.). The aqueous solution 


of the salt is dextrorotatory, a determination giving the following 
results : 


Whence 39 x = M = 3608. 


a[15°] = +0°386°; 7 = 2dm; c = 0°7915. 
a 100 x 0386 


Ix o7o1s — Ml = +249. 


Atisine hydriodide, C,,H;,NO.,HI, cannot be obtained by the action 
of aqueous hydriodic acid on the base, since iodine is liberated, and a 
coloured substance—probably an iodo-derivative—formed. It is, 


THE ALKALOID OF ACONITUM HETEROPHYLLUM. 1523 


however, very easily prepared by adding Mayer’s reagent to a solu- 
tion of a salt of atisine, and treating the precipitate as before 
described. Atisine hydriodide is also precipitated on adding aqueous 
potassium iodide to a strong aqueous solution of an atisine salt. The 
hydriodide is best purified by dissolving it in boiling water, when, on 
cooling, an abundant deposit of crystals is obtained. It may also be 
crystallised by the spontaneous evaporation of an alcoholic solution, 
or by the addition of ether to the solution. 

The crystals are anhydrous, transparent plates or tables, occurring 
singly or in rosettes; they are very sparingly soluble in cold, more so 
in hot water, sparingly soluble in alcohol or acetone, and almost in- 
soluble in chloroform, ether, light petroleum, or benzene. 

A determination of the solubility of this salt in water gave the 
following results : 


I. 69924 solution at 90° gave 0°0926 salt. 
Hence 1°3 grams of salt dissolves in 100 grams of water at 90°. 

II, 8°7992 solution at 15° gave 0°0182 salt. 
Hence 0°2 gram of salt dissolves in 100 grams of water at 15°. 


The pure salt, when dried at 100°, melts and decomposes with 
effervescence at 279—280° (corr.). The aqueous solution of the salt 
is dextrorotatory, two determinations yielding the following re- 
sults; 


(i) a[19°] = + 0°19°; 1 = 4dm; ¢ = 0°1808. 
100 x 0°19 
W —aan, = = "2°, 
hence x 01808 [a]p = + 26:2 
(ii) a[19°] = +0°1°; 2 = 2dm; c = 0174. 
100 x O1 
Wh ——————__ = = a. 
ome 2x 0174 — Plo = +28 
‘Mean of two determinations [a]p = +27°4°. 

On analysis, the salt furnished the following results : 

01652 gave 03468 CO, and 0'1086 H,O. C = 57:02; H = 7:30. 

0:0914 01904 CO, ,, 00598 H,O. C = 5677; H = 7°28. 

0:1926 0097 AgIl. I= 27°21. 

0:0926 0°0462 AgIl, I = 27°02. 

0:2636 0°1312 AgI. I = 26°89. 

0°3753 11 c.c. moist nitrogen at 13° and 7554mm. N =3-44 

C,,H,,NO,,HI requires C = 56:29; H = 682; N = 2:99; 
I = 27:07 per cent. 

Atisine nitrate, C2»H;,NO,,HNO,, is best obtained by adding a slight 
excess of aqueous silver nitrate to a hot aqueous solution of the pure 
hydriodide, filtering off the silver iodide, carefully removing the 
excess of silver nitrate by dilute aqueous hydrochloric acid, filtering 
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off the precipitated silver cloride, neutralising the filtrate with dilute 
ammonia, and concentrating the aqueous solution on the water bath. 
On cooling, the salt crystallises out in very well-defined hexagonal 
plates, which are best purified by recrystallisation from alcohol and 
ether. The crystals, which may occur singly or in rosettes, are, 
like the other salts of atisine, anhydrous; they are soluble in water, 
particularly in hot water, fairly so in benzene or acetone, more so in 
alcohol, sparingly in chloroform, and insoluble in ether or light 
petroleum. The dried salt melts sharply at 252° (corr.). The aqueous 
solution is dextrorotatory, a determination giving the following 
result : ; 
a[ 18°] = + 058°; 1 = 2dm; c = 1:0255, 


we ere 
Tx Tass — tle = +288". 


On aualysis, the following data were obtained. 


0°144 gave 0°3458 CO, and 0°1032 H,O. C = 65°48; H = 7:96. 

0-182 ,, 04368 , ,, 01302 ,, C = 65°43; H = 7°94. 

071588 ,, 9°5 c.c. moist nitrogen at 13° and 7615mm. N = 7:08. 
C»H;,NO,,HNO, requires C = 65°34; H = 7:92; N = 6°93 p. c. 

In the determination of the nitrogen contained in the hydriodide 
and nitrate, a difficulty was encountered similar to that described by 
Dunstan and Carr in the case of aconitine (Proc., 1896, 48), and 
concordant results were only obtained by mixing the salt with pow- 
dered copper oxide and lead chromate, and conducting the combustion 
in a vacuum. 

Atisine aurichloride, C»Hs,NO,,HAuCh, prepared by the usual 
methods, could only be obtained as an amorphous powder, soluble in 
alcohol, but insoluble in ether or light petroleum. 

0°0682 gold salt, on ignition, gave 0°0202 Au. Au = 29°61. 

Cx2Hs,NO,,HAuCl, requires Au = 28°82 per cent. 

Atisine platinichloride, (C2Hs,NO2)2,H,PtCh, is a yellow crystalline 
powder, sparingly soluble in cold, more so in hot, water, and melts 
sharply at 229° (corr.) with effervescence. 

0:0609 gave 0'011 Pt. Pt = 18°06. 

(Cx2H;,NO;)2.,H,PtCl, requires Pt = 17°78 per cent. 


W bence 


The result of these analyses of pure material confirm conclusively 
the formula for atisine (C.,H;,NO,) proposed by Wright. 

When atisine is treated with alkalis or acids under varying con- 
ditions, no acid is eliminated, but a new base is formed. To prepare 
the latter, atisine in alcoholic solution is heated with alkali for some 
hours, either in a sealed tube or in a reflux apparatus; the liquid is 
then neutralised with aqueous sulphuric acid, the alcohol removed 
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by distillation, the solution rendered alkaline with aqueous sodium 
hydroxide, and extracted with ether. On distilling off the ether, a 
non-crystalline, colourless varnish is left; none of the salts could be 
obtained crystalline, but the aurichloride and platinichloride were 
prepared and analysed, and the figures obtained on analysis agree 
best for a base represented by the formula C..H;,NO,,H,O. 

0'171 gold salt gave 0°239 CO, and 0:0784 H,0. C = 38-01; H = 5°08. 
0'1026 gave on ignition 0°0292 Au. Au = 28:4. 

Two separate fractions (I and IT) gave on analysis: 


I. 0:0588 gave 0°0165 Au. Au = 28°06. 

II. 0°0370 ,, 00104 ,, Au = 28°10. 
C.H;,NO.,,H,0,HAuCl, requires C = 37°82; H = 487; 

Au = 28°08 per cent. 


The platinichloride, which melts at 236° (corr.), was analysed : 


0:0536 gave 0:0094 Pt. Pt = 17°53. 
(C2.Hs,NO.,H20)2,H,PtCl, requires Pt = 17:21 per cent. 


The same base was obtained when atisine was heated in aqueous 
solution with dilute sulphuric acid, the analysis of the platinichloride 
thus formed giving the following result : 


0:0298 salt gave 0:0051 Pt. Pt = 17:11. 
Calculated, Pt = 17°21 per cent. 


When the hydriodide is heated with fuming hydriodic acid, no 
methylic iodide is formed, thus proving the absence of methoxyl 
groups in the molecule. 

When atisine hydriodide is heated with soda lime, a white sub- 
stance sublimes which has the odour of a cresol; this is insoluble in 
cold water, slightly soluble in hot water, but easily in alcohol or 
ether. Lack of material prevented the further examination of this 
decomposition product. 

Professor Cash, of Aberdeen, who has examined the physiological 
action of atisine nitrate, reports that in small doses it is not toxic, 
and that its action in some respects resembles that of aconine. 


The results of this investigation show that atisine does not present 
any close analogy to the alkaloids of the other well known species 
of aconite (A. napellus, ferow, japonicum). The molecule is apparently 
less complex and much more stable, and since it yields a hydrate 
when heated with alkalis or acids, it might be inferred that it is the 
anhydride of atisine monhydrate (C.,H;:NO;). There would thus 
be a relationship between these bases similar to that existing between 
aconine and pyraconine. 

The material used in this investigation was collected in India, at 
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the instance of the Scientific Department of the Imperial Institute, 
and the inquiry has been conducted in the Research Laboratory of 
the Pharmaceutical Society. 

In conclusion, I desire to express my warmest thanks to Professor 
Dunstan, both for having suggested the research, and for the very 
kind encouragement given to me during the progress of the work. 


C.—Effect of Heat on Aqueous Solutions of Chrome 
Alum. 


By Marearet Doure Doveat. 


Ir has long been known that when an aqueous solution of chrome 
alum is heated, its colour changes from violet or purple to green ; 
the alteration, which begins at about 70°, is apparently complete in a 
few minutes, even in moderately strong solutions, at 100°. On evapo- 
ration, the green solution yields a green, non-crystalline mass. If 
the liquid is allowed to stand, the green colour persists for some time, 
especially if the solution is dilute, but it gradually reverts to the 
original purple, and ultimately the solution deposits the dark purple 
octahedra of ordinary chrome alum. | 

Various explanations have been given of this phenomenon. 
According to Schrétter (Aun: Phys. Chem., 1841, 53, 513), Léwel 
(J. Pharm., [3], '7, 321), and, more recently, Etard (Compt. rend., 84, 
1089), the alteration of colour is simply the result of the change of 
hydration; Berzelius (Ann. Phys. Chem., 61,1) and Fremy (Compt. 
rend., 4'7, 883) considered it was due to the formation of a basic 
salt, whilst Fischer (Kastner’s Archiv, 14, 164) and Jacquelain (Compt. 
rend., 24, 439) surmised that it was the direct effect of the separa- 
tion of the chromic sulphate from the alkali sulphate. None of these 
explanations is altogether sufficient. It might be inferred from 
Graham’s work on liquid diffusion that chrome alum would undergo 
dissociation in aqueous solution even in the cold, and therefore the 
mere separation of the chromic sulphate from the potassium sulphate 
would not alone account for the change. That the solution experiences 
a profound change on heating is obvious from the circumstance, 
pointed out by Favre and Valson (Compt. rend., 74, 1023), that only 
a portion of the sulphuric acid present in the green solution is pre- 
cipitable in the cold by barium chloride, and that prolonged boiling 
with barium chloride is needed to effect its entire separation as barium 
sulphate; whereas the violet solution at ordinary temperatures at 
once yields up its sulphuric acid to barium chloride. The green 
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solution further differs from the violet in containing, as first shown 
by Kriiger (Ann. Phys. Chem., 61, 218), free sulphuric acid. 

At Professor Thorpe’s suggestion, and under his direction, I have 
been led to investigate this phenomenon, in the expectation that the 
true explanation might be found to depend upon the formation of 
Recoura’s chromosulphuric acid, which is known to behave towards 
barium chloride in the remarkable manner above mentioned. 

The inquiry was begun in the early part of 1894, in the labora- 
tory of the Royal College of Science, South Kensington, but, owing 
to other engagements, its completion has been delayed. In view of 
the recent work of Monti (N. Cim., 1896, 43, 212—216) and of 
W. R. Whitney (Zeits. physikal. Chem., 1896, 20, 40), I am now 
induced to put together the results I hove obtained. 

A variety of physical methods may be employed to throw light 
upon the nature of the change attending the alteration in colour of 
the chrome alum solution. Sprung has studied the variation in the 
viscosity or internal friction of the violet and green solutions, and 
Lecoq de Boisbaudran, by dilatometric observations, has noticed the 
change in density. I find that the alteration in density of even a dilute 
solution of chrome alum, after boiling, may readily be detected by the 
specific gravity bottle. A weighed amount of chrome alum was 
dissolved in a known volume of water, and portions of the solution 
were heated to about 100° under such conditions that no evaporation 
was possible. The weight of the green liquid required to fill a specific 
gravity bottle was then determined, a precisely similar experiment, 
under identical conditions of temperature, &c., being made with the 
violet solution. The several weights of the two solutions obtained in 
three experiments were as follows : 


Violet solution. Green solution. 
Grams. Grams. 


lL. ..tacescece Irae 100°3765 
TT. .ccscccee 101°3537 1011712 
TIT. .....---. 102°5096 1023567 


The first experiment was made on a | per cent. solution, the second 
on a 23 per cent., and the third on a 5 per cent. solution. The actual 
amount of the change depends on the duration of the heating and on 
the length of time which has elapsed since the green solution had 
been prepared. It will be observed, however, that in all cases the 
green solution was less dense than the violet solution; hence the 
transformation is accompanied by expansion, the result probably, of 
the production of the free sulphuric acid. 

I have, further, made a series of observations on the relative rates 
of the diffusion of the green and violet solutions. The method 
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adopted was that of Graham. Two precisely similar flat-bottomed 
glass crystallising dishes, of equal diameter and depth, and of about 
100 c.c. capacity, were placed each at the bottom of a flat-bottomed 
glass dish of about 1000 c.c. capacity, and of equal depth and width. 
These were placed on felt. Each of the smaller dishes was then 
filled up toa definite point with the solution to be diffused. The dif- 
fusion experiments were carried on in an underground room of fairly 
uniform temperature, into which the direct sunlight never penetrated. 
The solutions to be converted into the green variety were boiled for 
several hours in a flask connected with a reflux condenser. They were 
cooled as rapidly as possible by means of ice, and were allowed to 
stand in the cellar where the experiments were made, together with 
the violet solution, until both had acquired the temperature of the 
air. Every known precaution was taken to make each pair of 
experiments as strictly comparable as possible. The required 
amount of water, which, meanwhile, had been standing along with 
the flasks containing the chrome-alum solution and the necessary 
apparatus in the diffusing room, was run in from a dropping funnel, 
the end of which was furnished with a narrow, glass tube, drawn 
out till merely a fine jet of liquid passed, and bent at right angles, 
so that the water as it flowed impinged on the side of the outer 
basin, and, in falling, made as little disturbance as possible in the 
water already in the dish. As the water reached the top of the 
dish containing the chrome alum solution, it was allowed to 
impinge on the side in such manner that the overflow of the 
water into the inner vessel should be as gentle as_ possible. 
The depth of the pure water above the level of the chrome alum 
solution was about the same as that of the solution itself. The 
outer vessel was covered with a glass plate, a bell-jar placed 
over the whole, which was then covered with brown paper. In 
this way it was hoped that the temperature-change would be as 
little as possible. At the end of the period of diffusion a small glass 
plate, which was gently introduced into the liquid by means of a 
stout platinum wire, arranged so that it held the circular plate by 
three hooks and was readily detachable, was adjusted so as to cover 
the small dish. The diffusate was then syphoned off into a beaker, 
the few drops remaining in the dish and on the surface of the plate 
being removed by a finely pointed pipette. The chromium in each 
diffusate was determined by precipitation with ammonia in the usual 
way, and the sulphuric acid in the filtrate estimated by boiling with 
hydrochloric acid and barium chloride. In all, seven independent 
pairs of experiments were made with two different solutions, each 
containing about 1 per cent. of chrome alum. The results may be 
tabulated as follows : 
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| 


Violet solution. Green solution. 


Volume of Volume of water 


solution of | into which diffu- 
| 
| 
| 


chrome alum. sate passed. 


Cr. S0,. 


90 ‘0 c.c. 400 c.c. 
i. 500 
” 500 
143 °0 | 565 
150 °5 500 
143-0 | 690 
| 


"1742 0°0393 0°1818 
"1458 0 ‘0314 0°1531 
°2035 0 °0465 0 °2184 
*2697 0 °0641 0 2931 
2802 0°0629 0°2929 
"2859 0 0643 0°3101 
‘1778 || 0°0468 0°1788 


- 
AD 


+44 
Sonne 
DO o bo 


64°5 350 


All the experiments made are given. In considering the results it 
will be understood that the several pairs are, strictly speaking, only 
comparable with one another, as the conditions in the case of one 
pair and another were not necessarily the same; time, temperature, 
strength of diffusate, amount of initial change, amount of retrogres- 
sion, &c., all affecting the results. In the ontset there was nothing 
to determine the best strength on which to make the observations. 
In dilute solutions the retrogression from green to violet is slowest ; 
but, on the other hand, the actual mass of the salt diffused depends 
on the initial strength of the chrome solution. 

The general result, however, is unmistakable. In every case it is 
noticed that the green diffusate contains less chromium and more 
sulphuric acid than the violet solution; this is compatible with the 
assumption that the green solution contains a colloidal, and therefore 
slowly diffusing chromosulphuric acid. 

So far as they go, then, these results are in harmony with the con- 
clusion already drawn by Monti and, by inference, by Dr. Whitney, 
that when a solution of chrome alum is heated, it is resolved into a 
mixture of potassium sulphate, chromylsulphuric acid, and free 
sulphuric acid, As Whitney has shown that only one-sixth of the 
sulphuric acid originally present in the chromic sulphate is changed 
into free sulphuric acid, whereas Favre and Valson found that the 
green solution gives up one-third of the sulphuric acid present in the 
original chromic sulphate to barium chloride, in the cold, we may 
formulate the entire change as follows: 


2[Cr,(SO,)s,K,80,] + H,O = [Cr,0(SO,),]SO, + 2K,S0O, + H,SO,. 


The curious fact that the green solution of chrome alum, on 
heating, transforms its contained snlphuric acid into a state in which 
it is not precipitable in the cold by barium chloride, has its analogy 
in the remarkable behaviour of certain cobaltamines. Thus, as 
Jérgensen has shown, chloropurpureo-sulphate does not yield hydro- 
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chloric acid on heating with concentrated salphuric acid, nor” does 
its solution give a precipitate with silver nitrate. We must assume, 
therefore, as in the case of the chromosulphuric acid, that one 
portion of the acid radicle has not the same relation towards the 
rest of the compound as the other. 

It is hardly to be expected that the fact of the elimination of the 
acid radicle, as free sulphuric acid, in the course of the change of 
the violet chromic sulphate to the green compound will be found to 
be singular. The observations of Gerlach would seem to show that 
iron alum behaves in a somewhat similar manner. The curious 
behaviour of aluminium acetate, discovered many years ago by Crum, 
appears to be a phenomenon of the same order. Here, too, we 
observe the gradual elimination of acetic acid, dissipated because it 
is volatile, with the simultaneous formation of a colloidal substance. 

I desire, in conclusion, to express my thanks to Professor Thorpe 
for his advice and assistance in the prosecution of these experiments. 


CI.—The Refraction Constants of Crystalline Salts. 


By Wituiam Jackson Pope, 


THE investigation of the refraction equivalents of liquids by Gladstone 
and others, has led to results which have so materially advanced 
our knowledge of molecular structure that it is perhaps remarkable 
that no similar results have yet been obtained with crystalline sub- 
stances. 

During the last 30 years, laborious determinations of the densities 
and refractive indices of long series of salts have been made by 
Topsie and Christiansen, Soret, Tutton, and others, often with the 
express object of obtaining a direct relationship between refractive 
power and chemical composition ; this, however, the most important 
aim of such work has not hitherto been attained. Proof is advanced 
in the present paper that the molecular refractions of crystalline singly 
or doubly refracting salts are practically additive quantities, so that 
the inter-relationship of the refraction constants and the density, on 
the one hand, and the composition of a salt, on the other, is of an 
extremely simple nature, and that on this assumption the refraction 
constants of a large number of salts examined by the authors named 
above can be very closely correlated. 

The refractive index r, either of aliquid or of an isotropic solid, does 
not vary with the direction, and may be at once combined with the 
molecular volume in any of the usual ways in order to obtain the 
molecular refraction. Consequently, using the Gladstone formula, 
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the molecular refraction of all cubic crystalline substances is obtained 
from the formula V(r—1), where V is the molecular volume. 

If the crystalline substance be anisotropic, possessing either two or 
three principal indices of refraction, it is not immediately apparent 
in what way these several indices should be combined in order to 
yield a single refraction constant. Two cases must be here dis- 
tinguished, the one of uniaxial substances having two principal 
refractive indices, and the other of biaxial crystals possessing three 
principal indices of refraction. 

A uniaxial crystalline substance has an extraordinary refractive 
index e and an ordinary one o; the optical indicatrix of such a 
erystal is a spheroid of which the principal circular section has the 
radius o, and the axis of revolution has the semi-diameter e. The 
volume of this spheroid is — 
radius r = 3/o'e. This mean refractive index, r, isa single refraction 
constant comparable in kind with the refractive index r of an iso- 
tropic or liquid substance. 

In a biaxial crystalline substance, the optical indicatrix is an 
ellipsoid, having for its three principal semi-diameters the three prin- 
cipal refractive indices 2,8 and y; the mean refractive index of a 
biaxial substance is that radius vector r of the indicatrix which is 
the radius of a sphere equal in volume to the ellipsoid. The volumes 
of the ellipsoid and the sphere are 


, and is equal to that of a sphere of 


respectively ; the required mean refractive index r is therefore the 
geometric mean of the refractive indices a, 8 and +. 

When a doubly refracting substance, having the principal refractive 
indices a, 8,and y, oro and e, is melted, and thus made amorphous, 
the wave-surface becomes a sphere of radius, 

= Yap or Ye 
provided no change attends the melting beyond the destruction of 
the regular orientation of the mass units of the crystal. Similarly, 
if the crystalline substance be dissolved in a solvent, if dissolution 
have only the purely physical effect of destroying the regular 
arrangement of the mass-units, the end result, so far as the specific 
refraction is concerned, would be the same as that of dissolving an 
isotropic substance again of refractive index 


= Yapy or Yor. 


It should therefore be possible to use the values of r thus obtained 
for calculating the molecular refractions of crystalline doubly 
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refracting substances in a manner similar to that used in the case of 
liquids, and the refractive index of an isotropic substance and the 
mean index r of an anisotropic one should be quantities of the same 
kind, and have the same physical significance. 

Instead of calculating r as a geometric mean, it may be obtained 
as an arithmetic mean with sufficient accuracy for the experimental 
numbers, and much greater convenience in working ; so that 


= SEE ee Spe 

The use of these approximate values of r introduces no appre- 
ciable error, except when substances of extremely high double refrac- 
tion are being dealt with; consequently, excepting in a few such 
cases, the arithmetic means will be used. Further, the results obtained 
by using a molecular refraction formula of the Gladstone type will 
alone be discussed in the present paper; au investigation, however, of 
the Lorenz and Lorentz formula has been commenced, in order to 
ascertain which of the two types of expression is the more applicable 
to crystalline substances. On displacing r in the Gladstone formula 
V(r—1) by the appropriate functions of the refractive indices of 
the crystalline substances to be considered, the expression naturally 
takes three different forms, corresponding with the three types of 
optical indicatrix possible amongst crystalline substances. 

The molecular refraction formula is thus 


for cubic crystals; for those belonging to the hexagonal and tetra- 


gonal systems it is 


V{ (RP) —I} eee 


whilst for rhombic, monosymmetric, and anorthic crystals the expres- 


sion to be used is 
v{ (2+ e+) - i} hdhcseicicy 


The fact that formule (2) and (3) should be for anistropic sub- 
stances what the ordinary Gladstone formula is for liquids, has been 
shown by Dufet (Bull. Soc. france. de Min., 1887, 10, 77), who also 
used the expressions for calculating the molecular refractions of a 
series of sodium arsenates and phosphates. Dufet, however, only 
applied the method of calculation to a small number of salts of 
somewhat complex nature, and consequently failed to obtain any 
general results; it is probably owing to this circumstance that the 
importance of the formule has not been recognised by those who 
have worked at refraction constants. 
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It having now been demonstrated that expressions (2) and (3) 
are merely expanded forms of the Gladstone formula, and that their 
use is necessitated by the complex optical properties of anisotropic 
substances, these formule will be used without further comment, as 
occasion arises, in connection with the various crystalliue substances 
dealt with in the following pages. 


It is, in the first place, of great importance to determine whether 
liquefaction or dissolution causes the molecular refraction of a crys- 
talline substance to change ; satisfactory data seem available in one, 
and only one, case, namely, that of water and ice. The refraction 
constants of water, an easily purified substance, have been determined 
by many observers to a degree of accuracy far greater than is neces- 
sary for our purpose. In the first part of Table I, van der Willigen’s 
values for the refractive indices of water for various lines in the 
spectrum, at a temperature of 20°2°, and a density of 099825, are 
given; the third column gives the molecular refractions calculated 
from the molecular volume, and the corresponding refractive indices. 
The refractive indices, o and e, of the hexagonal uniaxial ice have 
been accurately determined by Pulfrich (Ann. Phys. Chem., 1888, 34, 
326), and are given in the second part of Table 1; the determina- 
tions were made at 0°, and Bunsen’s value, namely, 0°91674, for the 
density of ice at that temperature is used in calculating the mole- 
cular refractions. The differences A between the molecular refrac- 
tions in the liquid and solid state, are stated in the last column of the 
table, 


TABLE lI. 


Water. 


V(r -— 1). | 


Vir — 1). 


*82889} 5°9304 | 1°30496 | 1°30626 ‘30539 | 5°9878 | 0°0574 
83038| 5°9573 | 1°30645 | 1°30775 *30688 | 6°0255 | 0°0682 
33113; 5°9708 1°30715 | 1°30861 °30764 | 6°0404 | 0°0696 
"83298| 6°0042 | 1°30911 | 1°31041 80954 | 6°0778 | 0°0736 
*338522| 6°0445 | 1°31140 | 1°31276 *31185 | 6°1231 | 0°9786 


*33713| 6°0790 | 1 °31335 | 1°31473 *31381 6°1666 | 0°0876 


. @ ¢ 


Heoone 


A glance at Table I suffices to show that the molecular refraction 
of liquid water is not identical with that of ice, but that the differ- 
ences between them are of the order of 1 per cent., a quantity which 
cannot be accounted for as experimental error; in fact, calculating 
the value of rp for ice from the value for water, on the assumption 
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that the molecular refractions are the same in the two states, we get 
the value 1:30579, which is smaller than that of either the ordinary 
or the extraordinary refractive index of ice. It follows, consequently, 
that the molecular refraction of a crystalline substance is not neces- 
sarily the same as that of the same substance in the liquid state. 

In a recent paper by Tatton (Trans., 1896, 69, 507), which contains 
a large number of data respecting the refraction constants of crystals, 
the conclusion is drawn (p. 525) that “the matter in a crystal has, 
for refraction purposes, the same average effect as the same matter 
uncrystallised.’”’ This conclusion evidently does not hold in the case 
of ice and water and, as will be presently shown, is not generally 
true. 

In the case of a salt dissolved in water, the molecular refraction of 
the dissolved matter changes more rapidly with the concentration in 
concentrated than in dilute solutions ; morcover, an inspection of the 
curves obtained by plotting concentration against molecular refraction 
shows that in dilute solutions the change of curvature is not rapid, and 
even in strong solutions the curve deviates but little from a straight 
line. By continuing the experimentally obtained curves outside the 
limits of the experiments, the molecular refraction of the salt in an 
infinitely dilute or 0 per cent., and in an infinitely concentrated or 
100 per cent., solution can be determined ; these two values would be, 
in terms of the electrolytic dissociation hypothesis, the molecular re- 
fractions of the wholly dissociated and the non-dissociated salt. Owing 
to the paucity of experimental data, such a method of calculating the 
molecular refraction in an infinitely concentrated solution only gives 
a very poor approximation, but the results obtained show at least 
that as the concentration of the solution increases, the molecular re- 
fraction of the dissolved salt continually approaches that of the same 
salt in the crystalline state, as calculated by the method described 
above. 

Thus, Gladstone and Hibbert (Trans., 1895, 6'7, 838) quote the 
numbers used in Table II for the molecular refractions of rubidium 
and cesium sulphates in aqueous solutions. The concentration of 
the aqueous solution is stated in column 2, and the corresponding 
molecular refraction for the C line is given in column 3; column 4 
gives the molecular refraction in a 100 per cent. solution calculated 
from the values in the two solutions of highest concentration, on the 
assumption that the refraction-concentration curve is a straight line 
through these two concentrations up to 100 per cent. Column 5 
contains the molecular refractions of the solid salts, calculated by 
expression (3) from Tutton’s numbers (Joc. cit.). 
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Tasrie II. 


Concentra- M in M in 100 per M in crystals 


| 
tion. | solution, |cent. solution.| = V{ila +B ++) —1}. 


80°84 38 “39 , ‘ 
17°53 88 -42 38°23 37°74 


9°42 38°53 


58 -26 47°53 
27°08 47 *42 
15°24 46°99 


Considering the essentially unsatisfactory nature of the method of 
arriving at the numbers in column 4, the agreement between 
columns 4 and 5 is very close; it is noteworthy that the molecular 
refraction of the dissolved salt in the one case changes in the same 
sense as the concentration, whilst in the other case it changes in the 
opposite sense. Further, just as in the case of ice and water, the 
molecular refraction in the crystalline state is greater than that 
calculated for the infinitely concentrated solution. 

The molecular refraction of a salt dissolved in water is thus not 
the same as that of the crystalline substance, a conclusion which is in 
agreement with that resulting from the discussion of the refraction 
equivalents of ice and water. 

It should perhaps be pointed out that although the molecular 
refractions of a substance in the crystalline state, calculated from 
formule (1), (2) or (3), is not the sume as that of the same substance 
in the liquid or dissolved state, as calculated from the ordinary Glad- 
stone formula, this is not necessarily an indication of insufficiency or 
error in the formule, but is merely an expression of the general 
principle that an alteration in the physical state of a substance 
almost invariably involves a change in the numerical values of the 
physical constants. 

In the papers referred to, Tutton discusses the molecular refrac- 
tions of a number of double salts of the series R,SO,, MSO,,6H,O at 
some length, and assigns to them the mean molecular refractions 
quoted in column 2 of Table III. The method by which these means 
were calculated is not stated, but an analysis of the figures puts it 
practically beyond doubt that they are the means of the molecular 
refractions calculated by the Gladstone formula from the least and 
greatest of the three refractive indices ; the expression used for the 
calculations was thus apparently V{4(a + +) —1} instead of that advo- 
cated above, namely V{4(a + 8B + 7) —1}. If this be so, the method 
of caleulation was a purely empirical one, and it is permissible to 
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conclude that it was used merely because, in the cases of the few salts 
which the author compared in the two states, it happened to give 
practically the same molecular refraction for the crystalline salt, as 
was found in solution. The calculation of the mean molecular 
refraction of crystalline substances from two of the three principal 
indices of refraction, thus neglecting one index which is of similar 
physical significance to the other two, can only be used in those 
cases in which the median refractive index f, chances to be the 
arithmetic mean of the two extreme ones « and ¥. 

In Table III, column 1 gives the two metals present in the double 
sulphate, column 2 gives Tutton’s molecular refractions for the salts, 
and column 3 gives the molecular refractions calculated from expres- 
sion (3); columns 4 and 5 give the increase in molecular refraction 
for Tutton’s numbers and my own, on passing from a salt containing 
potassium to one containing rubidium, from the rubidium to the 
cesium sult, and from the potassium to the cesium salt; these three 
quantities are arranged in sets of three, each corresponding to a 
particular dyad metal. 

Tase III, 


Molecular refrac- Differences, 

tion. K,—Rb,, Rbz—Cs,, Kz—Cs:. | Molecular 
refraction 
calculated. 


Metals in 


Tutton. | Pope. Tutton. 


92 08 5°32 
97°48 9°69 
107 °21 15°01 
95°65 5°32 
101 *07 9°53 
110°69 14°85 
96 *35 5°11 
101 °88 10 *07 
111-90 15°18 
96 -16 5‘17 
101 °42 9°75 
111-27 14°92 
96°38 5°28 
101 °78 9°85 
111°70 15°13 
96 *87 4°25 
102 °16 9°26 
111 °52 13°51 
102 °74 _ 
112 °34 9°54 
105 61 — 
114°41 8°78 
32°35 5°39 
37°74 9°98 
47 °81 15 *37 
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The ‘mean and limiting values of these three differences are 
tabulated in Table IV. 


Tasie IV. 


Increase in molecular refraction in passing from 


K, to Rbg. Rbe to Cp. Ky to Cs. 


Limits. Mean. imits. " Limits. Mean. 


Tutton....| 4°25—5°39 | 5°07 |8°78—10°0 ‘ 18 °51—15°37| 14°77 
Pope .....| 5°26—5°53 | 5°40 |8°83—10°0 . 14°65—15°56| 15°13 


The limits of the differences are very much closer with my values 
that with Tutton’s amongst the differences between corresponding 
potassium and rubidium salts, the mean deviation from the mean of 
my values is less than a quarter of that of Tutton’s. A lack of 
uniformity amongst the latter might very naturally be expected to 
attend the neglect of the median refractive index £. 

It has now been shown that within very narrow limits a constant 
increase in molecular refraction occurs on changing one of the potas- 
sium double salts to a rubidium or cesium salt, if the dyad metal 
remains the same; it is also easy to demonstrate that on changing the 
dyad metal, whilst keeping the alkali metal the same, a practically 
constant increase occurs. The increase in molecular refraction for 
the ray C which occurs on passing from a magnesium salt to any of 
the others is given in Table V. 


TaBLe V. 


| | 
Mg to ‘ i. Co. - | ° Mn. 


4 ‘30 27 «| «4: she 
4°30 ; ; 5°26 
4°49 . : 5°13 


Mean.....e0..| 3°55 | 4°08 | 4:36 45 4: 5 +20 


Knowing the molecular refraction of one of these double salts, it 
is now possible to calculate that of any of the others by merely 
adding or subtracting the average differences for the alkali metals 
(Table IV) and the dyad metals (Table V). The numbers given in 
the last column of Table III are calculated in this way from the 
molecular refraction of magnesium potassium sulphate ; the agree- 
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ment between the found values in column 3 and the calculated 
values in column 6 is very close. 

This agreement at once suggests as highly probable that if the 
molecular refractions of other series of salts were dealt with, these 
constants would turn out to be, in the main, additive ones, and that 
it would be possible to calculate with fair accuracy the molecular 
refraction of a crystalline salt from a table of atomic refractions ; 
this view was found to be fully confirmed on examining the refrac- 
tive indices and molecular volumes of a large number of other salts. 

Amongst the double salts discussed above, there seems but little 
indication that the molecular refraction is other than a purely 
additive property, probably because most of these salts are iso- 
morphous and of the same type; dealing with salts of various con- 
stitutions, however, it may possibly be shown that the atomic 
refractions are merely average numbers and really vary with the type, 
just as Perkin (Trans., 1896, 69, 1025) has recently found with 
the molecular rotations of liquids. 

The molecular refractions of crystalline salts are, in the main, the 
sums of definite increments of refraction due to the atoms or 
radicles contained in the molecule. By assigning definite refraction 
constants to the various inorganic basic and acidic radicles, it 


becomes possible to calculate, with fair approximation to the found 
values, the molecular refraction of any particular crystalline salt; 
the particular values of the various refraction constants are cal- 
culated by a process of trial and error from the observed values of 
the molecular refractions of the solid salts. Table VI gives these 
atomic or equivalent refraction constants for a large number of basic 
and acidic radicles for the D ray. 


Taste VI. 


Refraction | pidicle. Refraction Radicle. Refraction 
equivalent. equivalent. equivalent. 


13°18 S0,...... 17-08 
13°38 |SeO,.....| 24°11 
23°08 |Cr0,.....| 37°13 
13 *5Z ClO, .... 17 *86 
14:04 |BrO;....) 23-0 
16°53 8,0,..... 34°39 
14°61 SuCl,.... 86 °5 
22°25 SiF,..... 11°51 
1652 |H,PO,...| 21°6 
10-99 H,As0,.. 27°72 
17°26 H,O (of } 

5°7 


29 -04 crystal- 
13°47 lisation) 
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In Table VII, these refraction equivalents are used in order to 
calculate the molecular refractions given in column 6; the values 
deduced from the observed values of the refractive indices and mole- 
cular volumes by the use of formule (1), (2), and (3) are stated 
in colamn 5. Column 4 denotes the crystalline system of the salt, 
column 3 indicates the authority for the experimental data, and 
columns 7 and 8 state the real and percentage differences between 
the found and calculated values. In the few cases in which data for 
only one salt containing a particular radicle are available, the 
equivalent refraction of the radicle has been calculated from the 
molecular refraction of that salt alone; these cases are denoted by 
dashes in the columns of differences. 

Twenty-five of the salts were examined by Tutton (T); it will be 
noticed that in their case the agreement between the observed and 
calculated values is very perfect. Another set of 45 salts was ex- 
amined by Topsée and Christiansen (T and C) (Ann. Chim. Phys., 1874, 
[5],1, 5), in the hope that the results might lead to some generalisa- 
tion of the kind now brought forward; the agreement between the 
found and calculated values is here not quite so good as in the case 
where Tutton’s data were used, owing probably to greater experi- 
mental error. Many of the values (G) are taken from Gladstone and 
Hibbert (Trans., 1895, 831), and some (B) are from a recent paper 
by Le Blane and Rohland (Zeits. physikal. Chem., 1896, 19, 261) ; the 
latter seem to have been determined by Le Blanc’s method (Zeits. 
physikal. Chem., 1892, 10, 433), the accuracy of which has not yet 
been satisfactorily established. The long series of alums (S) 
examined by Soret (Arch. Sci. Phys. Nat., 1884, [3], 12, 553) is also 
used in the table. These salts belong to the cubic system, and con- 
sequently no complication arises as in the case of salts possessing 
several refractive indices. Gladstone (Phil. Mag., 1885, 20, 162) 
was thus able to deal with Soret’s data, and used the refractive 
indices obtained for the C ray. Several of the experimental values 
were obtained by Dufet (D). 

It is to be observed that although five different crystalline systems 
are fully represented, necessitating the different manipulation of the 
refraction constants, the agreement between the observed and calcu- 
lated molecular refractions is of the same order in each system. The 
differences between the observed and calculated values, further, are 
of somewhat the same order as the experimental error may be 
judged to be in most cases; although none of the authors whose 
data are employed give any indication of the magnitude of the 
experimental error, the latter is in some cases undoubtedly large, 
as may be seen by comparing those salts of which two determina- 
tions, apparently of equal accuracy, are quoted. The experimental 
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error, due probably to impurity of the salts, is in the case of the 
indium alums so great that no trustworthy value for the atomic 
refraction of indium could be calculated. 

The atomic and equivalent refractions given in Table VI differ not 
a little from those which previous workers in this subject have 
deduced from observations made on solutions. This, although 
rather inconvenient for purposes of comparison, is perhaps not 
wholly a disadvantage, as it may assist in correcting some of the 
very generally prevalent fallacies respecting atomic refractions. 
These numbers are ‘purely empirical values, and do not necessarily 
possess any connection with the refraction constants deduced from 
observations made on the free elements themselves (compare Brihl 
(Zeits. physikal. Chem., 1891, 7.1). It does not indeed at first sight 
seem at all logical to deal with atomic constants in the case of so 
highly constitutive a property as molecular refraction, although as a 
matter of practical convenience it is found necessary. 

This being premised, it is af little moment that the atomic refrac- 
tions now given differ from those previously employed; those in 
Table VI answer well for a large number of substances of fairly 
similar types, namely, metallic salts, but when accurate data sha'l 
have been compiled from measurements made on large numbers of 
compounds of widely different types, doubtless the atomic refrac- 
tions in Table VI whilst undergoing multiplication will also have to 
undergo some revision. At the same time the list is sufficiently 
accurate to substantiate my view that the molecular refractions of 
solid salts are, in the main, the sums of definite so-called atomic 
or equivalent refractions. 

It should perhaps be pointed out that Mallard (Traité de Oristal- 
lographie, 1884, 2, 490) has given a table of refraction constants of 
various oxides which may be used for calculating the molecular 
refractions of a number of minerals, more especially of silicates. 
This branch of the subject has, however, apparently not been further 
developed. 

The immense progress which has been made during the past 
half century in organic chemistry has been almost wholly due to the 
comparative ease with which methods, both physical and chemical, 
of determining molecular constitution have been devised. Similarly, 
the fact that so little is yet known of the constitution of inorganic 
compounds is in great measure due to the difficulty of attacking 
such substances without profoundly altering them; the peculiar 
action of water, usually the only available solvent, on them, and the 
infusibility and sparing solubility of most inorganic compounds, 
also increase the difficulty of determining their constitutions. The 
result is that amongst inorganic compounds practically no chemi- 
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cal means of determining constitution are available, inasmuch as 
the substances must of necessity be examined in the solid state. 
Almost the only applicable methods of arriving at the constitution 
of inorganic compounds are thus necessarily physical ones, and, as 
is well known, such methods have not as yet been applied to any 
great extent to solid substances. The use of so highly constitutive 
a property as that of molecular refraction in the study of inorganic 
compounds may thus be expected to throw much light on the consti- 
tution of such complex substances, for example, as the salts of tung- 
stic, molybdic and phosphoric acids. 


Chemical Department, 
Central Technical College, 
South Kensington, London. 


CII.—Derwatives of Camphene-sulphonic acids. 
By Arruur Lapworta, D.Sc., and Freperic Sran.ey Kippine, 
Ph.D., D.Se. 


Amonc the many changes which camphor undergoes, one of the most 


interesting is its conversion into acetylortho-xylene [2Me: Ac = 
1:2: 4] by concentrated sulphuric acid; and, although this reaction 
may be expressed by the simple equation 
C,oH,.0 + 20= C,oH,,0 + 2H,0, 

there can be no doubt that the change is a very complex one, and 
that oxidation is accompanied by a profound molecular rearrange- 
ment, 

Partly in the hope of obtaining some product, the study of which 
might throw light on this curious reaction, and partly in order to 
try to obtain sulphonic derivatives of camphor, an investigation of 
the behaviour of camphor towards sulphuric acid under various con- 
ditions was commenced several years ago, and it was then ascertained 
that camphor is vigorously attacked by anhydrosulphuric acid at 
ordinary temperatures, giving, amongst other products, a mixture of 
-optically isomeric camphorsulphonic acids (Trans., 1893, 63, 548). 

The isolation of these compounds directly from the crude product 
‘being impracticable, it was necessary, in the first place, to convert 
whe acids into the corresponding sulphonic chlorides by treating the 
mixture of sodium salts with phosphorus pentachloride in the usual 
manner. Dextrorotatory camphorsulphonic chloride and an optically 
inactive modification of this compound, were then separated in a 
crystalline condition from the oily product thus obtained, but a very 
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considerable proportion of the product refused to crystallise, and was 
not further investigated at the time. 

The probability that the constituents of this residue might be 
derived from intermediate products in the conversion of camphor 
into acetylortho-xylene, or from substances resulting from the partial 
breakdown of camphor, has induced us to take up the examination 
of this oil again, in spite of its uninviting character; it is a record 
of this work which we now communicate. 

The original oily mixture of sulphonic chlorides, prepared from 
the crude product of the sulphonation of camphor in the manner 
previously described (loc. cit., pp. 549—552), contains, and apparently 
consists entirely of, four well-defined, crystalline compounds—namely, 
the dextrorotatory and optically inactive camphorsulphonic chlorides 
which were formerly isolated, and two optically inactive sulphonic 
chlorides of the composition C,H,,Cl‘SO,Cl, which we propose to 
name a- and f-chlorocamphenesulphonic chloride respectively. 

These names are assigned to the two optically inactive isomerides 
mainly because their molecular composition indicates that they are 
derived from a chlorocamphene, and because the conditions under 
which they are formed from camphor are, doubtless, such as might 
at the same time bring about the transformation of camphor into 
chlorocamphene. When camphor is submitted to the action of 
phosphorus pentachloride, it gives, as is well known, a dichloride of 
the composition C;>H,Cl,, which is changed to camphene by the action 
of sodium on its ethereal solution; if, however, this dichloride be 
heated alone, or with quinoline (Marsh and Gardner, Proc., 1894, 
57), it loses the elements of hydrogen chloride, and is converted into 
chlorocamphene. 

It seemed very probable, therefore, that the action of excess of 
phosphorus pentachloride cn the sodium salt of camphorsulphonic 
acid might bring about not merely the formation of the sulphonic 
chloride in a normal manner, but also that of an unstable dichloro- 


sulphonic chloride, which might then lose the elements of hydrogen 
chloride, 


Na0'SOvCHr< fo Cl-S0,-C.Hi< 


CH, CH 


CCl, == ClSOrCsHa<i oy ° 


A compound formed in this way from an optically inactive or 
racemic camphorsulphonic acid, by reactions analogous to those which 
are known to occur in the case of camphor, would have the composi- 
tion of the isomeric sulphonic chlorides in question, and would be 
derived from a chlorocamphene identical or isomeric with that 
referred to above; the names which we have given to the two new 
compounds seem, therefore, to be appropriate. 

The fact that two isomeric, optically inactive chlorocamphene- 
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sulphonic chlorides are obtained under the above conditions is 
capable of several interpretations, but, in absence of facts, little 
would be gained by discussing the relation between the two. 

The study of the properties of the two isomerides confirms the 
view that they are derivatives of camphene; having fully established 
their composition by the preparation and analysis of the correspond- 
ing amides, we made attempts to oxidise or otherwise break down 
some of the various compounds. These experiments, however, were 
all unsuccessful owing to the great stability of the substances, in 
which respect they show a marked relation to camphene, and behave, 
indeed, as might be expected of camphene derivatives. 

In spite of the lack of success which has just been mentioned, 
several interesting facts have been established during the investiga- 
tion. Thus a-chlorocamphenesulphonic chloride exists in two 
definite physical modifications, both of which have been examined 
erystallographically, and differ in melting point by only 4°; the 
melting point of the 8-sulphonic chloride is the same as that of one of 
the modifications of the «-compound, but the crystals are not suitable 
for goniometrical measurement. Both compounds are so slowly 
hydrolysed by boiling water, and are so readily volatile, that they 
may be distilled in a current of steam without any very large quantity 


being decomposed—a behaviour rarely met with in the case of 
sulphonic chlorides generally; even more remarkable, however, is 
the fact that the decomposition of the a-compound by water at 
moderately high temperatures yields not only the corresponding 
a-chlorocamphenesulphonic acid, CyH,,Cl‘SO3H, by interaction with 
water in the normal manner, but also a dichlorocamphene, which is 
formed in accordance with the equation 


C,>H,ClSO.Cl = CoH Cl, + SO.. 


The latter change occurs almost quantitatively when the sulphonic 
chloride is heated with water at 120°, and is, we believe, the first case 
in which such a decomposition has been observed under the given 
conditions. 

a-Dichlorocamphene is also formed when the a-sulphonic chloride 
is heated alone at 160—180°, a behaviour which is analogous to that 
of many of the sulphonic chlorides and bromides of camphor, and 
which seems to be especially characteristic of sulphonic derivatives 
containing the group —CH,SO,X (X = Cl or Br). «a-Dichloro- 
camphene is chiefly remarkable on account of its great stability ; it 
crystallises in needles and is very volatile, its vapours having a 
strong, rather pleasant, smell. 

8-Chlorocamphenesulphonic chloride is hydrolysed by boiling water, 
but only extremely slowly; the action in this case takes the ordinary 
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course, the corresponding sulphonic acid being formed. The decom- 
position which the A-sulphonic chloride undergoes when heated alone 
seems, however, to be analogous to that of the a-compound, inas- 
much as sulphur dioxide is evolved, and a volatile, neutral oil is 
produced ; as a considerable quantity of tarry matter is also formed, 
and the yield of f-dichlorocamphene is comparatively poor, we did 
not prepare the latter in quantity sufficient for a thcrough examination. 

B-Chlorocamphenesulphonie acid, CyHyCl‘SO;H, which, like the 
isomeric 4-compound, shows all the ordinary properties of substances 
of this class, undergoes a curious intramolecular change when it is 
warmed with mineral acids, being transformed into a neutral sub- 
stance insoluble in water; the nature of this isomeride has not been 
definitely established, but it seems probable that it is a sulpholactone, 


CoHuC1< 8 derived from a saturated hydrocarbon (camphan) of 


the composition Cy) H).. 

Tt is well known that certain unsaturated acids of the type 
>C:CH-[CH,],,;COOH (mn = 1 or2) are converted into saturated 
lactones of the type >C:CH,CH,CO or > CH:CH-CHyCH,G0 by 

Sra Ee 
intramolecular change, either on distillation or under the influence of 
mineral acids, and, as f-chlorocamphenesulphonic acid probably con- 


i 
tains an unsaturated group, >C-0(C] CH, S0,H ; it seems likely 


that a similar intramolecular change may occur, a lactone containing 


ee 
the complex -diacasints > ‘chimed "ey being formed. 
O 
The properties of the neutral substance are conformable with this 
view of its character, and, therefore, for the sake of reference we 
name the compound A-chlorocamphansulpholactone. 


EXPERIMENTAL Part. 


The yellow oil, obtained by the action of phosphorus pentachloride 
on the mixture of sodium salts of the sulphonic acids produced by 
the sulphonation of camphor, constituted the raw material for this 
investigation. This oil is repeatedly extracted with light petr- 
oleum, at first at ordinary temperatures with petroleum boiling at 
20—30°, and subsequently at higher and higher temperatures 
with various fractions of petroleum boiling at temperatures rising to 
about 110°. In this way a very rough separation of the four con- 
stituents of the mixture is effected; the camphorsulphonic chlorides, 
particularly the optically active modification, are, when purified, 
much more sparingly soluble than the chlorocamphene derivatives, 
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and are, therefore, contained in the later extracts, from which they 
are deposited in a crystalline condition, almost entirely free from the 
more soluble camphene compounds. The solutions, from which the 
crystals of camphorsulphonic chlorides have been separated, yield, on 
spontaneous evaporation, first, further quantities of crystalline 
material, and then a deposit of a yellow oil; the crystalline products, 
consisting of mixtures of varying proportions of sulphonic chlorides 
of camphor and of chlorocamphene, vary considerably in character ; 
they are collected in such a way that those of similar appearance 
are brought together. The yellow oil, deposited from the later 
extracts, is then fractionally extracted with petroleum in the same 
way as before, and is thus separated into one or two crystalline por- 
tions (which are added to those of similar appearance already 
obtained), and a portion which remains liquid. These liquid portions 
are mixed with the large deposits of oil which separate (almost free 
from crystals) from the first extracts of the original crude product, 
and the whole is again systematically extracted as before until the 
solutions cease to yield any crystalline material when left undis- 
turbed for a few days. The various petroleum solutions are then 
allowed to evaporate, and the oily residues placed aside in a cool 
place ; during the winter months the oils gradually solidify, and the 
crystalline material is then separated with the aid of the filter pump, 
and spread on porous porcelain. In this way practically the whole of 
the original product is eventually obtained in a crystalline condition. 

The final separation of the four sulphonic chlorides is accomplished 
by taking the various crystalline fractions which have been collected, 
and submitting them to fractional crystallisation from light petr- 
oleum; adetailed description of this tedious and troublesome process 
would not be of very much value, because the operator must judge 
more from the appearance and melting-point of each deposit than 
from its mere solubility. It may be noted, however, that various 
fractions of light petroleum (b. p. 20—30°, 40—50°, and 70—80°) 
must be used in order to effect the desired separation ; further, that, 
although the purified comphorsulphonic chlorides are much more 
sparingly soluble than the camphene compounds, they are frequently 
met with in the most soluble fractions, even after repeated crystalli- 
sation. As soon as the camphor compounds have been to a great 
extent freed from the chlorocamphene derivatives, a little ether added 
to the petroleum aids the final separation ; there is, in fact, very little 
difficulty in isolating the camphorsulphonic chlorides, but the separation 
of the two camphene compounds is much more troublesome, partly 
owing to their being frequently deposited in an oily state, especially in 
presence of a trace of camphorsulphonic chloride, partly owing to their 
great solubility in the only solvent which can well be used. Finally, 
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however, two main fractions are obtained, one being the a-compound 
in the form of small nodular crystals melting at about 84°, the other, 
the isomeride, in large, transparent plates melting at about 75°. The 
former is practically pure ; the latter, however, cannot apparently be 
obtained from petroleum in a pure state, and must, therefore, be 
purified by one or two crystallisations from methylic alcohol, whereby 
it is obtained in long, transparent needles, which melt at practically 
the same temperature as the massive crystals of the «-compound, 
namely, at 83—84°. 


a-Chlorocamphenesulphonice Chloride, Cj$HyCl-SO,Cl. 


a-Chlorocamphenesulphonic chloride is one of the principal con- 
stituents of the original crude oil, whereas the §-compound is 
present in comparatively small quantities. Having been separated 
in the manner already described, it may be further purified by a 
final crystallisation from a mixture of benzene and petroleum. A 
specimen prepared in this manner, and melting at 83—84°, was 
analysed with the following result : 

01759 gave 0°2919 CO, and 0:0852 H.O. C = 45°23; H = 5:38. 

CyoH,,Cl-SO,Cl requires C = 44:7; H = 5:2 per cent. 

a-Chlorocamphenesulphonic chloride separates from cold, light 
petroleum, chloroform, or benzene, in the form of beautiful trans- 
parent crystals, which melt at 83—84°; if fused and allowed to 
solidify, it melts at 87—88°,a probable indication of dimorphism. 
It is extremely soluble in benzene, chloroform, acetic acid, ethylic 
acetate, acetone, and ether, and it dissolves very readily also in hot, 
light petroleum (b. p. = 60—70°), but is much less soluble in the 
cold liquid; in methylic alcohol it is somewhat sparingly soluble, 
being dissolved rather freely by the hot liquid, but separating, for 
the most part, as the solution cools. When heated with water, it 
sinks as an oil, but a small quantity passes into solution; on cooling, 
it is first deposited as an oil, finally separating in the form of long, 
semi-transparent needles ; it may be boiled with water during several 
days without undergoing hydrolysis to any considerable extent. It 
volatilises to some extent in aqueous vapour, and, when very impure, 
may be obtained in a crystalline state by subjecting it to distillation 
in steam; at the same time, however, a minute amount undergoes 
decomposition into sulphur dioxide and dichlorocamphene. When 
heated with water in sealed tubes at 120°, it is almost entirely con- 
verted into dichlorocamphene. It is very rapidly hydrolysed when 
heated with solutions of soluble metallic hydroxides, a metallic 
chloride and a chlorocamphenesulphonate being produced. 

«-Chlorocamphenesulphonic chloride, like the sulphonic chloride of 
a-bromocamphor, is exceedingly stable towards ordinary oxidising 
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agents; it may be boiled with nitric acid (sp. gr. = 14) during 
several minutes, and be subsequently recovered practically unchanged. 
When. boiled with fuming nitric acid, however, it is slowly acted on, 
nitrous fumes and chlorine being evolved, whilst a marked odour of 
chloropicrin is perceptible; after several hours boiling, the action 
becomes distinctly less rapid, and if the liquid at this point be diluted 
and evaporated on the water bath, precaution being taken to get rid 
of all nitric and sulphuric acids, the oily mixture on dilution deposits 
a small quantity of a substance insoluble in water; but the oils, how- 
ever treated, do not evince the slightest tendency to crystallise ; they 
consist, doubtless, of sulphonic acids, as very little sulphuric acid is 
formed during the oxidation, and it is probable that the substance 
insoluble in water is a sulpholactone analogous to that obtained by 
us on oxidising ammonium bromocamphorsulphonate with nitric acid 
(Proc., 1896, 77). 

In the hope of obtaining derivatives of the sulphonic chloride con- 
taining more halogen, we have investigated the action of bromine on 
the compound. On mixing w solution of the chloride in chloroform 
with bromine, it is coloured yellow, but the colour gradually dis- 
appears, hydrogen bromide being evolved. The liquid, on evaporation, 
deposits a colourless oil, from which we have not succeeded in obtain- 
ing any crystalline matter. Similar experiments made with solutions 
of the substance in petroleum and ether proved equally fruitless. 

The crystallographic properties of a-chlorocamphenesulphonic 
chloride were carefully studied, the behaviour, on fasion, of the 
crystals deposited from petroleum, &ec., having indicated that the 
substance is dimorphous. Repeated endeavours were made to isolate 
the two modifications by crystallising the substance from various 
solvents under diverse conditions, and it was thus discovered that, 
although in almost every case the crystais obtained belonged to the 
anorthic system, and melted at 83—84°, yet when crystallised from 
hot methylic alcohol the chloride separated in comparatively simple 
crystals, obviously different in type from those obtained in other 
ways. They were of orthorhombic symmetry, and melted at 87—88°. 
The two forms were submitted to a somewhat detailed examination, 
and the following data were obtained. 

The first modification, melting at 83—84°, is deposited from solu- 
tions of the sulphonic chloride in acetone, ethylic acetate, ether, 
benzene, chloroform, light petroleum, or cold methylic alcohol. 
Crystals obtained from petroleum or chloroform consist of magnifi- 
cent, transparent, anorthic prisms with a calcite-like lustre; those 
from cold methylic alcohol form plates, which, although they bear 
no obvious resemblance to the foregoing, yet are found, on measure- 
ment, to be derived from the same forms. 
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Crystalline System: Anorthic. 
a:b:c = 0°6668: L : 0°8396. 
a = 79° 46’, B = 96° 32’, y = 88° 35’. 
Forms observed : 


a{100}, B{010}, c{O01}, p{110}, g{021}, of 111}, o' {111}. 


Fie. 1. Fia@. 2. 


The following angular measurements were obtained : 


No. of 
Angle. measurements. Limits. Mean. Calculated, 
= 100: 110 26 41° 19’— 41° 41° 48’ a 
110 : 010 26 10— 48 48 34 — 
010 : 100 24 4— 90 89 38 89° 38’ 
100 : 111 18 46 — 49 49 13 _ 
111: i1i 19 24— 74 73 57 73 59 
111 : 100 18 3 26— 57 2¢ 56 53 —_ 
100 : OOI 138 — 70 69 41 69 51°5 
001 : 100 22 —110 110 34 110 8°5 
100 : 110 0— 81 81 34 81 30 
119: 111 57 — 49 49 26 = 
= 111: 001 28 — 49 49 10 
001 : 111 39 —126 125 54 
oe I1i : 001 42 — 54 53 54 
bo 010: 111 43 — 76 76 16 
ob L1I : O10 31 —104 103 
bo’ 010 : I11 50 — 74 74 
ob = 111: 010 22—106 1: 105 
cb = 001: 010 13 — 70 69 
bg = 010: 021 35 — 44 44 
ge 021 : OOI 59 — 66 52 66 35 
py = 110: 021 25— 57 59 57 41 
qo’ = 021: I11 13— 45 53 45 31 
o’py = I11: 110 29— 47 2 76 54 
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The crystals obtained from solutions of the sulphonic chloride in 
chloroform or petroleum crystallise in the more massive habit depicted 
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in Fig. 1, whilst those cbtained from cold methylic alcohol assume the 
plate-like form of Fig. 2. The measurements obtained from the former 
were not so concordant as those from the latter, owing to the sub- 
stance being more readily soluble in chloroform and benzene than in 
methylic alcohol, re-solution, therefore, taking place more freely in 
the former instance. In the prismatic crystals (Fig. 1), the forms 
a{100}, b{010}, and c{001} are most strongly developed, the last- 
mentioned being almost invariably the largest on the crystal; the 
form a{100} is usually corroded, and gives exceedingly poor images ; 
m{111} and o{ 111} are usually discernible and give good reflections, 
whilst g{021} has been noticed only on two crystals, one face of the 
form being present in both cases. In the plate-like crystals, the 
predominating form is p{110}, which is always bright and gives 
excellent images; of the other forms b{010} and qg{021} are always 
present, whilst the pinacoid c{001} occurs but seldom, and, as in the 
case of the prismatic crystals, is usually deeply corroded. 

There does not appear to be any definite cleavage, although slices may 
occasionally be separated approximately parallel to the three pinacoids 
a{100}, b{010}, and c{001}. The acute optic axial bisectrix appears 
to emerge somewhere in the angle between b{OLO} and p{110}, but 
owing to the brittle nature of the crystals the orientation of the axial 
plane could not be determined with any certainty, The axial angie 
is wide; the double refraction is rather strong and negative in sign. 
The dispersion is strong. 

The second modification of «-chlorocamphenesulphonie chloride is 
obtained when the modification just described is melted and allowed 
to cool. Itis also obtained, as has already been mentioned, when the 
sulphonic chloride is crystallised from hot methylic alcohol, and then 
forms brilliant, transparent tables or pyramids, which melt at 87—85°, 
and remelt at the same temperature. When allowed to remain, either 
in the solvent or in the open air, they are seen to develop white 
patches, which are sharply defined from the transparent portion ; these 
patches, in a few days, extend through the whole mass of the crystal, 
renderiug it quite opaque, and the crystal then melts at 83—84°, thus 
showing that the opacity is caused by a reversion of the substance or 
the crystal to the first or anorthic modification. 

The crystals lend themselves very well to goniometrical examina- 
tion, and the following are the results which have been thus obtained : 


Crystalline System: Orthorhombic. 
a:b:c = 090380: 1 ; 09358. 
Forms observed : 


a{100}, {010}, of111}, and p{110}. 
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Fie. 3. 


The following angular measurements were obtained : 


No. of 
Angle. observations. Limits. Mean. Calculated. 


bo = 010: 111 32 56° 45’— 57° 10’ 56° 59’ 
: 111 16 65 51— 66 28 66 4 
:111 20 35 15— 35 54 35 37 
: Til 108 29—109 19 108 45 
: 010 47 46— 47 57 47 50 
: 110 ‘ 41 54— 42 17 42 
: 111 52 40— 53 3 52 5 
po : Ill 14 1— 74 26 74 
ba : 100 16 89 49— 90 7 90 
ab : O10 16 89 51— 90 7 89 
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The crystals, as a rule, are unsymmetrically developed tables or 
pyramids, with brilliant faces; the latter yield fairly good images, 
even when the crystals have become quite opaque owing to rever- 
sion to the anorthic modification. ‘The form o{111} is usually the 
largest, but is sometimes reduced to a mere strip; in the latter 
instance, b{010}, usually small, becomes the predominating form ; 
a{1l0U} is invariably small, but yields perfect images, as do the forms 
r{110} and b{010}. The reflections from o{111} are rather poor. 
There is no definite cleavage. 

The acute bisectrix emerges parallel to the axis b, the optic axial 
plane being c(001). The double refraction is positive and fairly 
strong, the optic axial angle being rather wide. The dispersion is 
slight. 


a-Chlorocamphenesulphonamide, CyH,,Cl'SO,NEB,. 


In order to prepare the amide, the sulphonic chloride is finely 
powdered and added to about 10 times its weight of strong aqueous 
ammonia contained in a stoppered bottle, and the whole vigorously 
shaken; after a short time the powder seems to suddenly change in 
crystalline form, becoming much more bulky, but no development of 
heat is noticeable. At the end of about four hours, the liquid and 
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crystals are transferred to an evaporating basin, the ammonia allowed 
to evaporate, and the crystals separated and washed with cold 
water; the residue is finally crystallised from dilute alcohol and 
dried at 100°. 


01669 gave 0°2975 CO, and 0'1015 H,O. C = 48:6; H = 6°76. 
01593 ,, 02817 , ,, 00955 ,, C = 482; H = 6°66. 
C,H,Cl-SO,-NH, requires ¢ = 43:12; H = 6°42 per cent. 


a-Chlorocamphenesulphonamide is readily soluble in alcohol, ether, 
acetone, and ethylic acetate, somewhat less readily in cold benzene, 
and only sparingly in chloroform, petrolenm, and water. It is dis- 
solved by dilute alkalis, and is reprecipitated on the addition of 
acids. It crystallises from nearly all solvents in thin plates with a 
satiny lustre, but from its solution in chloroform it is precipitated by 
light petroleum in the form of feathery, skeleton-like forms. 

It is probable that this substance is dimorphous, as on one occasion 
it was found to fuse sharply at about 135°, and then to solidify imme- 
diately, melting once more at 161—162°, its usual melting point ; after 
solidifying, it melts at the latter temperature. 

The crystals deposited from the alcoholic solution on spontaneous 
evaporation are small rhomboidal plates truncated at their acute 
angle. The extinctions in polarised light bisect the angles of the 
rhomb, and under convergent polarised light the large face of the 
crystal is seen to be perpendicular to an optical bisectrix, probably 
the acute. The crystals are therefore orthorhombic, the large face 
being a pinacoid {100} cut off by the four faces of the dome {011}, 
which, make an angle of about 79° with one another, and are trun- 
cated at the acute angle by the form {001}. When melted upon a 
microscope slide under a cover glass, the amide solidifies in arbore- 
scent forms, which lie perpendicular to the bisectrix seen in the crys- 
tals above mentioned, The axial angle is large, the double refraction 
being very weak and positive in sign. The dispersion is siight. 

Hoping to obtain the corresponding derivatives of camphene by 
the reduction of chlorocamphenesulphonic acid derivatives, and 
regarding the amide as the most suitable compound with which to 
experiment, we have closely examined its behaviour towards reducing 
agents, but without success. It is not changed when its alkaline solu- 
tion is heated daring several days with a large excess of sodium 
amalgam ; it also resists the action of zinc dust and ammonia at 100°. 
The stability of the chlorine atom in presence of alkalis is also very 
remarkable ; the amide, when heated for several hours with boiling 
strong soda-lye prepared from the metal, does not give a detectable 
quantity of sodium chloride. 
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a-Chlorocamphenesulphanilide, CoH,,Cl‘SO,NH-C,Hs. 


When a-chlorocamphenesulphonic chloride is heated with aniline 
for a short time on the water bath, it gives a dark brown product, 
from which it is somewhat difficult to isolate the anilide. If, how- 
ever, the sulphonic chloride and aniline are dissolved together in 
ether, and the solution is allowed to remain in a stoppered bottle 
during three or four days, aniline hydrochloride is deposited in con-, 
siderable amount, and only a slight discoloration ensues. The anilide 
is easily obtained from the product by evaporating the ether at.. 
ordinary temperatures, washing the residue with dilute hydrochloric 
acid and water successively, and then crystallising it twice from- 
dilute alcohol. An analysis of this compound was deemed unneces- 
sary, but it was proved to contain chlorine by qualitative tests. 

a-Chlorocamphenesulphanilide dissolves readily in alcohol, ethylic. 
acetate, and acetone, but is rather less soluble in ether and chloro- 
form, and dissolves only with difficulty in benzene; it appears to be 
insoluble in light petroleum and in water. When slowly heated, it 
begins to darken at about 210°, and melts at 234°, but when the 
capillary tube is plunged into sulphuric acid at 234°, the anilide 
remains solid up to about 237°. 

It crystallises from hot methylic alcohol in long, beautiful, colour- 
less, striated plates, their ends being obliquely truncated at about 
45°; they probably belong to the anorthic system. When examined’ 
in polarised light, the extinctions make angles of about 55° with the 
sides of the plate. Examined under a ,';" immersion objective in 
convergent polarised light, an optic axis is seen to emerge at the- 
edge of the field, corresponding with the direction of greatest length. 
of the crystal; the double refraction is weak. 


a-Chlorocamphenesulphonic acid, C\oH,,Cl-SO,H. 


As has already been mentioned, a-chlorocamphenesulphonice. 
chloride exhibits great stability towards boiling water, and ever 
after boiling with a large excess of water during a week only a 
small proportion undergoes hydrolysis; decomposition may be 
hastened by carrying out the process in sealed tubes in toluene: 
vapour,. but under these conditions a large quantity of dichloro- 
camphene is formed, The best way to prepare the acid is to heat 
the sulphonic chloride with a solution of barium hydroxide, which 
produces almost instantanecus hydrolysis without causing the re- 
moval of the second chlorine atom; the barium in solution is then 
precipitated by the careful addition of sulphuric acid, and the: 
filtered solution of the sulphonic acid is repeatedly evaporated until 
free from hydrochloric acid. 
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When the syrup finally obtained is kept in a desiccator, it gradu- 
ally sets to a mass of thin plates, which appear to contain water of 
crystallisation ; after having been spreal on porous earthenware 
over sulphuric acid and then dried at 100° until constant in weight, 
it may be further purified by crystallisation from hot benzene, from 
which it is deposited in small plates. 

a-Chlorocamphenesulphonic acid dissolves very readily in water 
and alcohol, and is also somewhat readily soluble in ethylic acetate, 
acetone, chloroform, and hot benzene; it dissolves somewhat 
sparingly in ether, and appears to be quite insoluble in light petro- 
léum. Its aqueous solution has a bitter, somewhat astringent, taste, 
‘and dissolves zinc readily, evolving hydrogen. When the anhydrous 
acid is slowly heated, it gradually becomes dark brown, and at 
264—265° swells up considerably, evolving gases, amongst which 
sulphurous anhydride is perceptible by its odour, finally forming a 
fairly limpid liquid. The crystals deposited from hot benzene are beau- 
tifal, small, elongated, glistening plates of ill-defined outline; on 
examination in polarised light, they usually show very brilliant 
interference colours, and, in convergent light, some individuals show 
an optic axis emerging perpendicularly. The optic axial angle is 
fairly large, and the double refraction is strong whilst the dispersion 
is rather slight. 


The following metallic salts of the acid were prepared from the 


latter by neutralising its aqueous solution with the corresponding 
metaliic carbonates. 


- 


Potassium a-chlorocamphenesulphonate crystallises from water in 
small, well-defined, elongated, orthorhombic prisms showing the 
forms {100}, {110}, and {111}. The small size of the crystals made 
it impossible to determine their optical properties. The substance 
dissolves readily in water, and is precipitated by strong potash, it is 
nearly insoluble in acetone and in strong alcohol. 

Sodium «-chlorocamphenesulphonate crystallises from hot water in 
ill-defined plates, but is obtained in well-defined pyramidal crystals 
on allowing the aqueous solution to evaporate spontaneously. It is 
insoluble in acetone, but dissolves slightly in strong alcohol. The 
double refraction is very weak. 

Attempts. were made to cause the separation of the sulphonic 
group from a@-chlorocamphenesulphonic acid by heating it at high 
temperatures with hydrochloric or sulphuric acid. In every case it 
was found that, where partial hydrolysis had occurred, the product 


had at once carbonised, and nothing but unaltered acid and a charcoal- 
like mass could be obtained. 
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a-Dichlorocamphene, CyHyCl2. 


The study of the decomposition products of the sulphonic chlorides 
and bromides of camphor derivatives, more especially in the case of 
am-dibromocamphor, having yielded such interesting results, the 
effect of heating a-chlorocamphenesulphonic chloride was carefully 
investigated in the hope of eliminating sulphurous anhydride, and 
thus obtaining a dichlorocamphene which might serve as the start- 
ing point for further experiments. 

It was found that «-chlorocamphenesulphonic chloride does, in 
fact, undergo decomposition at elevated temperatures, and that the 
change is analogous to that which occurs in the case of the camphor 
derivatives previously studied, the products being a-dichlorocam- 
phene and sulphur dioxide 


C,,H,,Cl'SO.Cl = C,.H,,Cl, + SO.. 


a-Dichlorocamphene may be prepared by simply distilling the puri- 
fied camphenesulphonic chloride, but, as the distillate is usually con- 
taminated with unaltered sulphonic chloride it is better to keep the 
temperature at 160—-180° until the evolution of sulphur dioxide is at 
an end; the brownish liquid residue is then distilled, and the crys- 
talline product purified by crystallisation from alcchol. 

A less impure product is obtained if the sulphonic chloride is 
heated at a temperature of 130—140°, with about five times its 
weight of water, for about 48 hours. Although, under these con- 
ditions a small quantity of the sulphonic chloride is converted into 
the sulphonic acid, yet the greater part suffers the above-described 
decomposition, and the a-dichlorocamphene, after distillation with 
steam, is obtained practically free from impurity. 

A sample which had been recrystallised from alcohol and dried 
over sulphuric acid gave the following results on analysis : 


0°1495 gave 0°3212 CO, and 0°0959 H,O0. C on 58°59; H = 7:13. 
01956 ,, 02710 AgCl. Cl = 342. 
C,.HyCl, requires C = 58°61; H = 6°84; Cl = 34°67 per cent. 


a-Dichlorocamphene is excessively soluble in light petroleum, 
benzene, ethylic acetate and acetone, but less readily in methylic and 
ethylic alcohols, and nearly insoluble in water. It is deposited 
from a cold solution in methylic alcohol as beautiful, transparent 
needles or prisms, whose sides are composed of lustrous faces, but 
whose terminations appear as if broken off, so that their gonio- 
metrical examination was useless; from dilute alcohol it crystallises 
in curious fern-like forms which are made up of aggregations of fine 
needles. It melts at 72—73°, sublimes readily when heated ‘élone, 
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and is excessively volatile in aqueous vapour; its odour is remark- 
ably powerful, and is reminiscent of fresh india-rubber. 

When a solution of «-dichlorocamphene in acetic acid. is heated 
with a large excess of zinc dust, free from halogen, it appears to 
suffer decompcsition, as, after dilution and filtration, the solution 
gives a distinct precipitate with silver nitrate; the quantity so 
reduced, however, must b2 very small, as the substance precipitated 
on dilution melts only a few degrees below the melting point of the 
pure compound, and is easily shown to be unaltered dichlorocam- 
phene. All other attempts to effect its reduction proved equally 
futile. 

The substance in acetic acid solution does not appear to be oxi- 
dised by cold potassium permanganate, and when heated with 
aqueous oxidising agents, such as nitric acid, it sublimes almost im- 
mediately, thus escaping oxidation; in all respects it was found to be 
an extremely stable substance, and for these reasons its study was 
not carried further. 


B-Chlorocamphenesulphonic Chloride, C\H,,Cl-SO,Cl. 


The impure f£-chlorocamphenesulpkonic chloride (m. p. about 75°), 
separated from its isomeride in the manner already described, was 
purified by repeated crystallisation from light petroleum (b. p. 30— 
40°), and was thus obtained in large plates melting at 77—78°; as 
this preparation seemed to be homogeneous, and its melting point did 
not alter on further crystallisation from light petroleum, a samp'e 
was analysed, with the following results. 

01532 gave 0°2529 CO, and 0:0820 H,O. C = 4502; H = 594. 

CyoHyCl-SO,Cl requires C = 44°66; H = 52] per cent. 


Although this analysis, no doubt, correctly represents the composi- 
tion of the substance, all specimens purified in the above manner are 
still slightly impure, and the melting point given in the preliminary 
notice (77—78°) was on this account somewhat too low, since, by 
using a solvent such as methylic alcohol, in which the two chlorides 
are more nearly equally soluble, the melting point of the B-sulphonic 
chloride may be finally raised to 83—84°, which is the same as that 
of the ordinary form of the a-sulphonic chloride. 

f-Chlorocamphenesulphonic chloride does not appear to be Sieue- 
ous like the a-compound, although it assumes two habits entirely 
different in appearance ; from light petroleum it is deposited in large, 
transparent plates, which become white and opaque on exposure to the 
air, or when gently heated in contact with the supernatant solution ; 
from. hot methylic alcohol it crystallises in beautiful, long, trans- 
parent necdles, which completely traverse the mother liquor, being 
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usually terminated only by the sides of the containing vessel. These 
needles belong to the tetragonal system ; a thin transverse section of 
one of them, when observed in convergent polarised light, is found 
to be perpendicular to the optic axis of a uniaxial figure; the same 
appearance is observed when a small quantity of the substance is 
allowed to solidify between glass plates, when the compound crystal- 
lises in fern-like forms, whose appearance is indistinguishable from 
ammonium chloride, all the branches making 90° with one another. 
The double refraction is strong and positive in sign. 

8-Chlorocamphenesulphonic chloride is much more freely soluble 
in most solvents than its isomeride, liquids, such as benzene, chloro- 
form, and ethylic acetate, dissolving it to an almost indefinite extent ; 
it is also readily soluble in cold light petroleum (b. p. =,25—40°). 
As indicated above, however, it is somewhat sparingly soluble in 
cold metbylic alcohol. 

It shows much the same stability as its ‘isomeride towards various 
agents. It is scarcely affected by boiling water, and may be boiled 
with it during several days without undergoing much decomposition, 
but is almost instantaneously hydrolysed by. boiling solutions of 
metallic hydroxides, yielding the corresponding sulphonates. It is 
readily volatile in steam, and this fact may be taken advantage of in 
effecting the crystallisation of the last portions of crude oils, which 
contain large quantities of the B-sulphonic chloride. 

1t is slowly acted on by a solution of bromine in chloroform, but 
the product, as in the case of the isomeric chloride, is not readily 
purified, and has not yielded a trace of crystalline matter. Its beha- 
viour towards nitric acid also resembles that of its isomeride; the 
oxidation product, after elimination of nitric acid, yielded a small 
quantity of a colour!ess substance, insoluble in water, but soluble in 
acetic acid, probably a sulpholactone, together with a large quantity 
of non-crystalline matter, doubtless consisting of a mixture of sal- 
phonic acids, 


B-Chlorocamphenesulphonamide, CipHyCl*SO,'N H,. 


This compound is prepared by treating the sulphonic chloride with 
cold aqueous ammonia in the usual manner, and is readily purified 
by crystallisation from methylic alcohol. A specimen was dried at 
100° and analysed. 


0:1712 gave 0:3020 CO, and 0°1014 H,O. C = 4811; H = 6°68. 
C..HyCl-‘SO,NH;, requires C = 48:12; H = 6°42 per cent. 


A-Chlorocamphenesulphonamide crystalliscs from cold alcohol or 
ethylic acetate in curious, ill-defined, striated plates, which melt at 
156—157°. It differs considerably from its isomeride in regard to its 
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solubility in various liquids; thus, whilst the latter is only sparingly, 
soluble in chloroform, the former dissolves readily; tie a-derivative 
appears to be insoluble in petroleum, whilst the A-derivative is appre- 
ciably soluble. On adding petroleum to hot solutions of the two amides 
in chloroform, crystals are deposited, which are quite distinct, the 
a-sulphonamide giving flocculent aggregates of flat plates, and the 
f-sulphonamide a precipitate of well-defined minute needles. The 
f-sulphonamide is readily soluble in cold ether and benzene, and 
dissolves sparingly in water, in all cases being more freely soluble 
than the isomeric substance. It crystallises from water in thin, 
striated plates. When melted upon a microscope slide beneath a 
cover glass, it solidifies in white, detached areas, which, on examina- 
tion under a ;,’’ immersion objective in polarised light, show a 
biaxial interference figure exactly resembling that seen on subjecting 
the a-sulphonamide to similar treatment. The double refraction is 
positive in sign, and weak. 

f-Chlorocamphenesulphonamide is readily soluble in alkalis, and 
dissolves to some extent in aqueous ammonia, being precipitated in 
both instances on the addition of acid. It sublimes when gently 
heated in a test-tube, and solidifies in the form of striated plates 
resembling those from alcohol or hot water. This amide was sub- 
jected to the same series of experiments as was the isomeric substance, 
and showed the same great stability; thus the action of reducing 
agents was carefully investigated, and in all cases it was found that 
they failed to displace any appreciable quantity of halogen. Hydr- 
iodic acid at 100° was found to attack the substance, iodine being 
liberated, but the quantity of amide reduced was probably not 
estimable. The amide was also boiled during several hours with a 
strong solution of pure potash, and here again the liquid, on acidifica- 
tion and filtration, gave only a faint precipitate on the addition of 
silver nitrate, 


B-Chlorocamphenesulphanilide, CyHyCl-SO,-NH-C,H;. 


B-Chlorocamphenesulphonic chloride and aniline interact vigor- 
ously, and unless care be taken the anilide is associated with oily 
impurities, which render purification very tedious ; the anilide is best 
prepared in the manner described in the case of the a-compoand, 
the reddish oily product being purified by fractional precipitation 
from alcohol, and subsequent treatment with animal charcoal; the 
filtered solution of the less highly coloured portions then deposits 
the anilide in moss-like aggregates, and, after recrystallisation from 
cold dilute methylic alcohol, the substance is practically pure. 

A-Chlorocamphenesulphanilide is excessively soluble in ether, 
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benzene, chloroform, acetone, and ethylic acetate, but is rather less 
so in petroleum and alcohol; it is slightly soluble even in water, and 
is deposited from the solution as a colourless oil, which gradually 
solidifies. It crystallises from dilute alcohol, on spontaneons evapo- 
ration, in fern-like masses of beautiful plates melting at 103—105°; 
from almost every other solvent, however, it separates as an oil. The 
very small size of the crystals put their optical examination out of 
the question; if, however, the substance be solidified between glass 
slips,.it shows in convergent polarised light a biaxial interference 
figure, whore bisectrix is perpendicular to the slide; the axial angle 
is rather wide, the double refraction being weak and positive in sign. 


B-Chlorocamphenesulphonic acid, CyH,Cl'SO,H. 


As f-chlorocamphenesulphonic chloride is hydrolysed only with 
great difficulty by water; the sulphonic acid is most quickly pre- 
pared by boiling the chloride with baryta-water, in which it dissolves 
with great readiness. Ifthe solution of barium hydroxide be strong, 
the barium salt crystallises out and may be filtered off and purified. 
The solution of the sulphonic acid, prepared from that of the barium 
salt by cautious addition of sulphuric acid, is concentrated on the 
water bath, diluted with alcohol, and evaporated once more, these 
processes being frequentl$ repeated. It is imperative, however, that 
the solution should never become very concentrated so long as any 
hydrochloric acid remains, otherwise the sulphonic acid is partially 
transformed into the insoluble substance described later, and partially 
into a black gummy liquid from which nothing crystalline can after- 
wards be isolated. When, however, the hydrochloric acid bas been 
expelled and the solution finally evaporated nearly to dryness, the 
whole is diluted and allowed to remain in a desiccator during a few 
days, when it sets to a mass of crystals imbedded ina syrup. The 
mass may then be spread upon porous earthenware, or it may be 
quickly triturated with a small quantity of ethylic acetate and 
filtered, in either case the sulphonic acid remains behind and may be 
then purified by drying it at 100° and crystallising from benzene. 

B-Chlorocamphenesulphonic acid is excessively soluble in water, but 
is not very deliquescent in damp air. It crystallises from water in 
leaflets which appear to contain water of crystallisation, for they 
fuse below the true melting point of the substance, and at 120° 
evolve bubbles of gas, presumably water-vapour; it is also readily 
soluble in ether, ethylic acetate, and acetone, less readily in chloro- 
form and benzene, and moderately soluble in light petroleum. 
When anhydrous, it crystallises from benzene or ether in four-sided 
leaflets, whilst from its solution in petroleum’ it is deposited, on 
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eooling, in well-defined needles which appear to be crystallographi- 
cally identical with the leaflets. ‘The anhydrous crystals melt, 
without decomposing, at 78—79°, and may be heated to 130° without 
being much discoloured or decomposed; at about J42°, however, 
there is a sudden disengagement of gases, among which sulphurous 
anhydride may readily be detected. 

The crystals, both the needle-like form from petroleum and the 
plate-like form from ether, appear to pertain to the monoclinic 
system. They are elongated, flat- leaflets, the two longer sides being 
cut very obliquely by two others; the extinction is parallel to the 
longer side and the large face of the crystal is probably parallel to 
the optic axial plane. The double refraction is rather weak. 

The, characteristic property of this sulphonic acid is the readiness 
with which it changes in presence of strong hydrochloric acid into 
an isomeric substance insoluble in water.. It forms a number of well- 
defined salts, of which the following have been examined. 

Potassium B-chlorocamphenesulphonate may be prepared by neutral- 
ising the solution of sulphonic acid with potassium carbonate, 
evaporating nearly to dryness, and then allowing it to crystallise. 
It is slightly soluble in alcohol; the crystals from its aqueous solu- 
tion are liquefied by acetone, but are not dissolved by it. If forms 
small, thin, four-sided rectangular plates which belong to the ortho- 
rhombic system, and the optic axial plane is parallel to the large 
face, the double refraction is very weak, its sign, however, could 
not be determined owing to the orientation of the axial plane. 

Sodium B-chlorocamphenesulphonate, prepared in a similar manner, 
erystallises in very thin plates. It is very soluble in water and in 
methylated spirit, but is insoluble in acetone. 

Barium B-chlorocamphenesulphonate——The preparation of this salt 
has already been described. When quickly crystallised from hot 
solutions, it separates in long, transparent needles, whilst on slow 
evaporation it is deposited as well-defined, elongated, six-sided 
plates. It is readily soluble in water, but insoluble in alcohol and 
acetone. The crystals belong to the orthorbombic system, the extinc- 
tion being parallel to the longer sides of the plates, and the optic 
axial plane parallel to the large face. The obtuse bisectrix is 
parallel to the longer side of the plate, the optic axial angle being 
small, the double refraction weak and positive; the dispersion is 
very weak. 


B-Chlorocamphenesulpholactone, CwH wCl-SO,0, 


When a solution of £-chlorocamphenesulphonic acid in hydro- 
chloric acid is evaporated to dryness it leaves a dark-coloured pasty 
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mass, which, on trituration with water, affords some considerable 
proportion of an insoluble substance ; a further quantity of the same 
product may be obtained by repeating the evaporation of the soluble 
portion after addition of hydrochloric acid. If thrown on to a filter 
and washed with water, the compound gradually loses all colour, 
and finally forms a white, camphor-like mass which is best recrystal- 
lised from methylic alcohol. 

A qualitative examination served to show that the substance con- 
tained chlorine and sulphur; a portion, which was dried over sul- 
phuric acid in a vacuum and then burnt, gave the following result : 


0°1446 gave 0°2547 CO, and 0°0835 H,O. C= 48°04; H = 6°42. 
CyHiCISO; requires C = 47°90; H = 5°99 per cent. 


8-Chlorocamphenesulpholactone dissolves very readily in acetone, 
ethylic acetate, chloroform, benzene, and ethylic alcohol, but is some- 
what sparingly soluble in cold methylic alcohol, and is not soluble to 
any appreciable extent in water. It crystallises from methylic 
alcohol in radiate tufts of minute needles, or in elongated plates, and, 
on application of pressure, aggregates in much the manner as 
camphor does. It melts at 183°5—184°5°, without decomposing, and, 
after solidifying, melts again at the same temperature. 

The compound is insoluble in boiling sodium carbonate solution, 
but dissolves slowly in hot solutions of barium and potassium 
hydroxides ; its solution in barium hydroxide, after elimination of 
excess of barium by means of carbonic anhydride, and evaporation to 
dryness, yields a sticky barium salt which dissolves readily in water 
and alcohol, but which has not been obtained in a crystalline form; 
the sulphonic acid prepared from this salt showed a similar disincli- 
nation to crystallise, and did not yield the parent lactone by the 
action of hydrochloric acid. The lactone did not suffer any ap- 
preciable loss of halogen in undergoing hydrolysis with baryta or 
potash. 

B-Chlorocamphenesulpholactone dissolves readily in hot aniline, 
but without apparent alteration, being almost entirely recovered on 
dissolving the base in hydrochloric acid. It is likewise unaffected 
by alcoholic ammonia or by cohobation with fuming hydrobromic 
acid during some hours. When warmed with hydriodic acid, a 
portion appears to undergo some slight change as is manifested by 
the liberation of iodine, but the original substance was recovered 
almost completely at the end of the operation. 

It is not more readily oxidised with nitric acid than is the parent 
£-chlorocamphenesulphonic acid ; it dissolves in the hot liquid but 
without production of brown fumes even after prolonged heating ; 
on evapcration it is once more obtained unchanged; chlorine is not 
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liberated in this instance, as the addition of silver nitrate fails to 
cause any precipitate of silver chloride. 


Chemical Department, 
Central Technical College, 
City and Guilds of London Institute, 


CIII.—The Colouring Matters occurring in various 
British Plants. Part I. 


By Arraur Grorce Prrxin and Jonn James Homme. 


Srixce the introduction of coal-tar colours, comparatively little atten- 
tion has been paid to the colouring matters of plants, especially of 
British plants ; it is well known, however, that, in the past, many of 
these have been employed in dyeing, and that this is the case even at 
the present time in remote districts, notably in the Highlands of 
Scotland, some few native plants being used for this purpose. 

By means of an extended series of dyeing experiments,* it has 
been ascertained by one of us that many British plants appear 
to be sufficiently rich in colouring matter (chiefly yellow) to make 
them worthy of chemical examination. Jn many cases this will 
probably be a matter of some difficulty, partly because it is not 
always easy to obtain the requisite quantity of raw material, and 
partly because the amount of colouring matter present, even in the 
best circumstances, will be only very limited. The study of the 
various natural yellow colouring matters is particularly interesting, 
however, at the present time, because their chemical constitution, of 
which chemists have long been ignorant, is now being gradually made 
known, and it may be that some of those occurring in British plants 
will fill up gaps in the comparatively limited series with which we 
are at present acquainted. Even in the event of many proving to be 
‘identical with those already known, the investigation should still 
have an interest as showing the wide distribution of certain colouring 
matters hitherto only known to exist in a few plants. 


The Colouring Matters contained in the Yellow Wallflower (Cheiranthus 
cheiri). 

A preliminary dyeing experiment with the purplish-brown petals 

of the common garden wallflower showed them to be comparatively 

rich in colouring matter, but since the colour with alumina was not 


* The results of these dyeing experiments will be communicated elsewhere at a 
Jater date. 
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pure, being greenish-vlive yellow, a similar experiment was made 
with the bright yellow flowers of the variety known as “Cloth of 
Gold.” As expected, these yielded a bright yellow with alumina 
mordant, and, indeed, their general dyeing properties were very 
similar to those of such well-known dye-stuffs as quercitron bark, &. 

For the purpose of chemical examination, a pound of the flowers 
was extracted with boiling water, and after allowing the decoction to 
cool, and filtering off deposited flocculent matter, the filtrate was 
acidified with sulphuric acid, and boiled. On cooling, a moderate 
quantity of an olive-yellow precipitate separated ; this was collected, 
washed, dried, and examined as follows, 

The semi-crystalline product was digested with boiling alcohol, 
when the colouring matter passed into solution and a nearly colour- 
less, crystalline residue of calcium sulphate was left. On evapo- 
ration, the alcoholic extract deposited crystals, but these were 
intermingled with a wax-like substance, which could not be readily 
removed by recrystallisation ; the concentrated solution was, therefore, 
poured into a large volume of ether, the mixture washed several 
times with water, and then extracted with dilute alkali, which 
removed the colouring matter, leaving the wax in solution in 
the ether. The alkaline liquid was neutralised, the precipitated 
colouring matter again dissolved in ether, and the ethereal solution 
evaporated to dryness. On examination, the bright yellow prodact. 
was found to consist of two substances, for, when suspended in boil- 
ing acetic acid, and treated with hydrobromic acid, an orange- 
coloured, crystalline hydrobromide was produced, but intermingled 
with particles of a yellow substance, which refused to react with the 
haloid acid in this way. Experiment, moreover, showed that these 
two substances were readily distinguished from one another by the 
difference in their solubilities in alcohol; this was sufficiently marked 
to render their separation comparatively easy. As the more soluble 
colouring matter was present in by far the greater proportion, this 
was first examined. It was best purified by crystallisation from 
alcohol and water, and was thus obtained in the form of glistening, 
yellow needles. 


0°1162 gave 0°2549 CO, and 0°0325 H,O. C = 59°82; H = 3:10. 
C,;H,O; requires C = 59°60; H = 3°31 per cent, 


Dilute alkalis dissolved it with a yellow coloration ; with lead acetate 
in alcoholic solution, an orange-red precipitate was formed, whilst 
alcoholic ferric chloride gave a dark green coloration. Treated with 
mineral acids in the presence of acetic acid, orange to orange-red 
crystalline compounds were produced, so that it is evident that not 
this but the more insoluble cclouring matter was unreactive with 


1565 PERKIN AND HUMMEL: THE COLOURING MATTERS 


the haloid acids. Digested with acetic anhydride and sodium 
acetate in the usual way, an acetyl compound was obtained, crystal- 
lising from alcohol in colourless needles melting at 189—191°. 


0'1271 gave 0°2730 CO, and 0:0477 H,O. C = 5858; H = 416. 
C,;H;0,(C,H;0), requires C = 58°59; H = 3:90 per cent. 


The colouring matter was digested with fused alkali at 180—200° 
for half an bSur, the melt dissolved in water, neutralised with acid, 
and the products of the action extracted from the solution with 
ether. The small quantity of crystalline matter thus obtained was 
found to be a mixture of two substances which could be readily 
separated, in that, in aqueous solution, one only gave a precipitate 
with lead acetate; on decomposing this, it yielded a substance 
erystallising from water in colourless needles melting at 195°, and 
identical with protocatechuic acid. 

The filtrate from the lead precipitate gave the phloroglucinol reac- 
tion. 

There could be no doubt, therefore, that the more soluble colouring 
matter, C\;H O;, is quercetin, a fact which was further corroborated 
by its dyeing properties being identical with those of quercetin pre- 
pared from quercitron bark. 

Sparingly Soluble Colouring Matter.—This was purified ~ several 
erystallisations from alcohol, and was thus obtained in the form of 
minute, yellow needles. 


0°1141 gave 0°2533 CO, and 0°0420 H,O. C = 60°54; H = 409. 
C,.H,,.0; requires C = 60°75; H = 3°79 per cent. 


Although considerably less soluble in alcohol and acetic acid than 
quercetin, yet, in its principal reactions, it closely resembled it, for it 
dissolved in dilute alkaline solutions with a yellow colour; with lead 
acetate, it gave an orange-red precipitate; and with alcoholic ferric 
chloride a dark green coloration. As before stated, when treated 
with haloid acids in the presence of boiling acetic acid, it did not 
yield a compound with the acid, although, with sulphuric acid in a 
similar manner, an orange-red, crystalline substance.was prodaced. 
Its behaviour in this respect corresponded with that of the known 
methyl ethers of quercetin, rhamnetin (quercetin monomethy] ether), 
rhamnazin (quercetin dimetly] ether), and quercetin tetramethyl 
ether, which have been previously studied by one of us and L. Pate 
(Trans., 1895, 650; 196, 1443), and it was, therefore, suspected that 
this colouring matter also contained a methoxy-group. An experi- 
ment by Zeisel’s method gave the following result : 

0°1437 gave 0°1040 AgI. CH, = 462. 

C,;H,O,,OCH; requires CH; = 4°68 per cent. 
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It, therefore, contained one methoxy-group. To the hydriodic acid 
residue, after dilation with water, sodium hydrogen sulphite solution 
was added, and the yellow, flocculent product collected and crysta!- 
lised from dilute alcohol; it was thus obtained as a glistening mass, 
of yellow needles, and appeared to be quercetin. This was confirmed 
by converting it into an acetyl compound; the latter crystallised 
from alcohol in colourless needles melting at 189—191°, and was 
found to be identical with acetylquercetin. The colouring matter, 
C,eH,.0,, is, therefore, a quercetin monomethyl ether. 

The only known monomethyl ether of quercetin is rhamnetin, 
present in Persian berries in the form of a glucoside, xanthorham- 
nin. As, in appearance and general properties, the colouring matter, 
C,.H,.0; was very similar to rhamnetin, it seemed possible that 
the two were identical; to determine this point, the small quantity 
of the substance, C,;H,.0;, that remained was converted into an 
acetyl compound, and this crystallised in colourless needles melting 
at 195—196°. It, therefore, appeared that this substance could not be 
rhamnetin, for the melting point of its acetyl compound is given by 
Liebermann and Hoérmann (Ber., 11,1618) as 181—183°, and by 
Herzig (Monatsh., 1888, 9, 548) as 183—185°. Since the publica- 
tion of these papers, however, it has been shown by one of us and 
J. Geldard (Trans., 1895, 67, 496), that Persian berries contain, not 
only rhamnctin and quercetin, but a third substance, rhamnazin, and 
it was thus possible that the melting point of acetylrhamnuetin 
might be higher than that given above. Experiments, however, with 
rhamnetin, which had been submitted to purification in various ways, 
failed to support this supposition, the acetyl] compound in each case 
melting at 185—186°. Moreover, when the acetyl compound cf 
rhamnetin and that of the substance C,,H;,0, were crystallised from 
alcohol side by side, and under similar circumstances, they could be 
readily distinguished from one another; for, whereas the latter 
always separated as a semi-solid, spongy mass of hair-like needles, 
the crystals of the former, which were considerably larger in size, 
readily settled down in the mother liquor on agitation. There could 
be no doubt, therefore, that the substance, C,\.H,,0;, is a new quercetin 
monomethyl ether, and for it we propose the name Isorhamnetin. 

As it is not possible to obtain a further supply of the flowers {ill 
next summer, some time mast elapse before attempting to decide 
the position of the methoxy-group in this substance. Even then 
the small amount of this product which is present in the plant 
must render this a work of considerable difficulty, and may delay 
the results still farther. 

The total quantity of isorhamnetin obtained from the flowers being 
not more than 0-4 gram, sufficient was not available for any thorough 
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dyeing experiments. A single trial, using the ordinary striped mor. 
danted calico, indicated that its properties, in this respect, were, also, 
closely similar to those of both quercetin and rhamnetin—these two 
colouring matters themselves yielding in this way almost identical 
shades. Experiments in this direction will be carried out in detail 
when more of the colouring matter is to hand. 


The Colouring Matter in White Hawthorn Blossom (Crategus 
Oxyacantha). 


Examination having showed that white hawthorn flowers contain 
a yellow colouring matter, and, the present season being particularly 
favourable, about 20 lbs. of the flowers were collected for examination. 

These were treated in the manner above described in connection 
with the examination of wall-flowers. In this case the precipitate 
obtained was of a rich chocolate-brown, and, although produced in 
moderate quantity (as will be seen below) it yielded, ultimately, a 
very small quantity of pure colouring matter. The isolation of the 
pure colouring matter from this product, by the methods usually 
found serviceable for such a purpose, gave exceedingly unsatisfactory 
results, as, in each instance, it was so contaminated with resinous 
matter, that its purification could only be accomplished with con- 
siderable loss. Eventually a method, similar to that previously 
employed for the isolation of the colouring matter of Quebracho 
colorado (Trans., 1896, 69, 1303), was found to be the most service- 
able. For this purpose, the crude product was dissolved in alcohol, 
poured into a large quantity of cold water, excess of sulphuric acid 
added, and the mixture heated to the boiling point. As the tempera- 
ture rose, the suspended, brown, flocculent precipitate gradually 
aggregated, forming a black, tarry mass, and the digestion was con- 
tinued until the supernatant liquor, at first somewhat milky, became 
clear; this, after decantation, was extracted with ether, and the 
extract evaporated, a light brown, sticky product being thus obtained, 
from which crystals of the colouring matter separated after long 
standing. Digestion with boiling chloroform removed from this 
some of the impurity, these extracts being placed aside for examina- 
tion (A). The residue was now further purified by crystallisation 
from dilute alcohol, but still contained a brown matter which could 
not be removed by similar treatment; it was, therefore, converted into 
an acetyl derivative. This, which crystallised from alcohol in colour- 
less needles,was decomposed in the usual way, and the regenerated 
colouring matter crystallised from dilute alcohol. By this means 
only 0°5 gram of the purified product was obtained, but it is most 
probable that a portion was retained by the tarry matter mentioned 
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above. It was subsequently found that, by treating an aqueous 
decoction of the flowers with lead acetate solution, decomposing the 
precipitated lead compound with sulphuric acid, and extracting the 
acid solution with ether, the colouring matter could be obtained in 
a condition which lent itself more readily to purification. At this 
time, however, no more raw material was available, though, fortu- 
nately, the quantity of substance obtained by the former method was 
found to be sufficient for the identification of this colouring matter. 


0:1100 gave 0°2396 CO, and 0°0358 H,O. C = 5940; H = 3°61. 
"  ©yHO; requires C = 5960; H = 3°31 per cent. 

It formed a glistening mass of yellow needles, readily soluble in 
alcohol, and soluble in alkalis with a yellow coloration. In alcoholic 
solution, lead acetate yielded an orange-red precipitate and ferric 
chloride a dark green coloration. With mineral acids, it yielded crys- 
talline compounds. 

Acetyl Derivative.—By crystallisation from alcohol this was obtained 
as colourless needles melting at 189—191°. 


01195 gave 0°2556 CO, and 0:0437 H,O. C = 58:33; H = 4-06. 
C,sH;0;(C,H;0); requires C = 58°59; H = 3°90 per cent. 

Action of Fused Alkali.—For this purpose, but 0°1-gram was avail- 
able. The products of the action were readily separated by means 
of lead acetate in aqueous solution, in that only one of them yielded a 
precipitate with this reagent. By decomposition, in the usual way, 
the lead compound yielded a trace of a crystalline substance, a solu- 
tion of which gave with ferric chloride a green coloration, from which 
it appeared to be protocatechwic acid. The filtrate from the lead pre- 
cipitate gave the phloruglucinol reaction. 

As was to be expected from the above results, a dyeing trial 
corroborated the fact that the colouring matter of hawthorn blossom 
is quercetin. 

On allowing the chloroform extract (A), obtained during the puri- 
fication of the colouring matter, to evaporate spontaneously, it 
deposited a very small quantity of crystalline substance intermingled 
with a brown sticky product. By recrystallisation, first from benzene 
and then from water, it was obtained in colourless needles melting 
at 177—17€°, and subliming unchanged, soluble in dilute alkalis, but 
yielding no coloration with ferric chloride in aqueous solution. 
The quantity available was far too small for analysis, and its examina- 
tion must, therefore, await a further supply of raw material. .. Its 
general properties, however, suggested that it might be veratric 
(dimethylprotocatechuic) acid. 

It will be of interest also, if possible, to isolate and study the sub- 
stance which yields the brown precipitate when the extract is digested 
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with boiling dilute acids. This reaction suggests that it is possibly a 
catechin-like compound, the brown product, in its nature, resembling 
that formed when either catechin, or cyanomaclurin is similarly treated. 

That the above colouring matters exist in these flowers in the 
form of glucosides there can be little doubt, and at a convenient 
opportunity they will be subjected to examination. For the present, 
however, it appears to us that more interest is attavhed to the 
examination of the colouring matters themselves than to their 
glacosides, it being possible that in some of thes> plants missing 
members of the quercetin or xanthone series may exist. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College. 


CIV.—The Constitution of the so-called “ Nitrogen 
Iodide.” 
By Feuvericx D. Cuarraway, M.A., Christ Church, Oxford. 


From the beginning of the present century, the black explosive com- 
pound, formed when a solution of ammonia acts on iodine, has almost 
continuously engaged the attention of chemists. No definite con- 
clusion, however, as to its constitution has been arrived at, althongh 
from time to time different formule have been assigned to it ; whilst 
on account of its apparently variable composition several distinct 
compounds have been assumed to exist. 

The so-called iodide of nitrogen was first prepared by Bernard 
Courtois,* the discoverer of iodine. It was almost the first derivative 
of iodine made, and was described in the paper announcing the 
discovery of the element, read before the Institute, on November 29th, 
1813. 

Courtois being too much occupied, as a chemical manufacturer, to 
take up the systematic investigation of iodine, this was undertaken 
by Gay Lussac, and in his laboratory and under his direction 
nitrogen iodide was first studied by Colin. Colin, adopting Gay 
Lussac’s views, regarded it as a substitution derivative of ammonia 
of the formula NIs, and Gay Lussac himself, in his great memoir on 
iodine, explains its formatinn on the assumption that it has this 
formula. The compound, about this time, was also investigated 
by Vauquelin and Davy, and their conclusions agree with that of 


* References to the bibliography of the subject are collected at the end of tlie 
payer. 
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Gay Lussac. They both regard it as analogous to nitrogen chloride, 
that is, as ammonia in which all the hydrogen has been replaced by 
iodine. Mitscherlich, later, was led to assign to it the formula NI 
from the observation that it and ammonium chloride were produced 
by the action of iodine trichloride on ammonia. 

Serullas, who next studied it, concerned himself mainly with some 
of its reactions, and expressed no opinion as to its constitution. 
Soon after this, Millon, who observed that hydrochloric acid added 
to an excess of nitrogen iodide was neutralised, and Marchand who 
showed that the dry compound, on explosion, yielded small quanti- 
ties of ammonium iodide, came independently to the conclusion that 
it must contain hydrogen, and agree in considering the formula, 
NH,I, as the most probable. 

Bineau, however, showed that this must be incorrect and that the 
formula should rather be NHI,, since in the compound the nitrogen 
and iodine were present in the ratio of one atom of nitrogen to two 
of iodine. He did this by decomposing the compound with hydrogen 
sulphide, and noting that two molecules of hydriodic acid were formed 
to one of ammonia. He also decomposed it by ammonium sulphite, 
and found the same ratio. 

Gladstone, some years afterwards, repeated Bineau’s observations, 
using, however, sulphurous acid in place of ammonium sulphite, and 
confirmed his results. 

Bunsen, about the same time, investigated the substance, adopting 
a slightly different method of analysis. He definitely states that 
nothing but iodide of nitrogen and ammonium iodide is formed in 
the action between ammonia and iodine, and that consequently 
nitrogen iodide must be a substitution derivative. From this and 
the result of his analyses, he concludes that the black substance 
has the formula NH;NI;, and that it is composed of a molecule of 
ammonia with the whole of its hydrogen replaced by iodine, united 
with a molecule of unsubstituted ammonia. Bunsen, however, 
found that the composition varied with the mode of preparation, and 
believed that several allied substances of different compositions 
existed. 

Gladstone thereupon repeated his analyses, and still found one 
molecule of ammonia to two atoms of iodine among the decomposi- 
tion products of the substance. 

Schénbein, in a very interesting study of the reaction between 
ammonia solution and iodine, showed that Bunsen’s statement was 
incorrect, and that ammonium hypoiodite as well as ammonium 
iodide was formed in the reaction, and suggested that the formation 
of the black iodide depended on this. 

All the researches of this period, though differing in certain 
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points, agree in regarding hydrogen as a constituent of the com- 
pound. 

A little later, Stahlschmidt, from the results of a few analyses, 
revived the statement that under certain circumstances the simple 
triiodide NI; could be formed, but he also obtained another product 
containing less iodine. 

After some years, Mallet took up the investigation. He analysed 
products prepared in various ways from iodine and ammonia, and 
also found that the composition varied with differences in the 
mode of preparation. From his own and other previous analyses, 
he concluded that a series of compounds existed, each containing two 
pentad nitrogen atoms doubly linked together, that they were in fact 
substitution derivatives of a hypothetical substance, H;N°NH;, with 
the hydrogen more or less replaced by iodine in one or both NH; 
groups. 

The substance has more recently been studied by Guyard, Raschig, 
Szuhay, and Seliwanoff. But few new facts have been brought 
forward by these observers, although al] agree in assuming the exist- 
ence of a series of compounds; they agree also in regarding all these 
as substitution products of ammonia, the last-named considering 
them to be amides of hypoiodous acid. 

Nitrogen iodide having always been looked on as a substitution 
product of ammonia, it seemed probable'that a synthesis of hydrazine 
derivatives might be effected by its agency, and a series of experi- 
ments was made with that object. These experiments, giving in 
every case a negative result, threw some doubt on the usually 
accepted views as to its constitution, and led to the present research. 

It is very remarkable that almost all conclusions as to the consti- 
tution of this substance have been drawn from the ratio between the 
amounts of ammonia and of iodine that could be obtained from it, 
scarcely any attempt having been made to deduce its constitution 
from its reactions. 

The author therefore undertook the re-examination of the sub- 
stance, and has especially studied the various reactions in which it 
takes part. 

Owing to the extremely unstable nature of uitrogen iodide, it 
cannot be obtained dry in a condition suitable for analysis, and on 
that account and from the fact that it is not crystallisable, no cri- 
terion of its purity or constancy of composition is available. When 
dry, it can hardly be manipulated at all, exploding violently as it 
does at the slightest touch, and even when moist, it is very unstable. 
In certain conditions, it explodes violently on friction under water, 
and when wet and in the state of a thin pulp, the impact of a jet of 
water from a wash bottle is frequently suffiaient to cause it to 
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detonate. As a consequence, all experiments with the substance 
have to be conducted on an unknown quantity and in presence of 
water, which frequently introduces complications. 

Nitrogen iodide, to use the name by which it has long been 
known, is best prepared by pouring a concentrated solution of iodine 
in potassinm iodide into a strong solution of ammonia; the substance 
is then precipitated as a soft, black powder, which is best washed 
first with a weak solution of ammonia, and finally rapidly with very 
cold water until the filtrate is no longer alkaline. These operations 
should be conducted entirely in the dark. 

Alcoholic solutions of iodine or ammonia should be avoided alto- 
gether, as alcohol rapidly decomposes the compound, forming ivdo- 
form, which is not easy to remove. The method of digesting finely 
powdered iodine with strong ammonia is also not a very suitable 
one, for the iodine being in particles of some size is not only slowly 
acted on, and iodine superficially coated thus with the iodide is diffi- 
cult to remove, but the product being more compact is very liable to 
explode on being touched. Any method, however, may be used and 
will give the same substance, provided sufficient precautions are 
taken to remove iodoform or any ammonia or iodine that may be in 
eXCeSss. ; 

As the substauce cannot be weighed, only the ratio between the 
nitrogen and the iodine in an unknown quantity can be determined, 
leaving the structure of the molecule to be decided by its various 
reactions. Several methods of analysis have been made use of in 
this research, the most convenient being based upon the decomposi- 
tion of the substance by a solution of sodium thiosulphate. Whena 
solution of sodium tbiosulphate acts on iodide of nitrogen suspended 
in water, all the iodine in the compound reacts as if it were free 
iodine, whilst all the nitrogen is liberated as ammonia. 

To obtain exact results, the solutions must be sufficiently dilute, and 
the decomposition must be conducted rapidly in a dark room. The 
operation is best carried out as follows: A small quantity of moist 
iodide of nitrogen is brought into a measured quantity of a dilute 
solution of sodium thiosulphate more than sufficient to decompose it, 
and shaken till black grains have entirely disappeared. The ammo- 
nia is then titrated with standard acid, and finally the excess of thio- 
sulphate is estimated by a standard solution of iodine. The results, 
if necessary, can be confirmed by distilling one part of the solution 
with iron alum, and sulphuric or hydrochloric acid, and another 
part with caustic potash, and estimating the iodine and ammonia 
liberated. In some cases, the compound has been decomposed by 
hydrogen sulphide or by sodium sulphite, and the iodine and 
ammonia distilled off as above and estimated volumetrically. Many 
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specimens of the black substance, prepared in various ways, have 
been analysed, and always with the same result if adequate precau- 
tions have been taken to free them completely from uncombined 
iodine and ammonia. The proportion between the ammonia and the 
iodine found is always very nearly that of one molecule of ammonia 
to two atoms of iodine. Practically, all previously published 
analyses have given this ratio, or have found the proportion of iodine 
to be larger than this, only one observer having obtained a less pro- 
portion of iodine. The discrepancies, however, are very probably 
due to imperfectly washed or partially decomposed products having 
been used in the analyses. 

The substance retains some of the ammonia, in presence of which 
it is thrown down, with great persistence, and when this is removed, 
it is exceedingly unstable. In presence of water, it decomposes very 
rapidly, especially on exposure to light; even diffused light very 
much accelerates the decomposition. It is only when the washing is 
carried just to the point when the filtrate is no longer alkaline that 
the ratio of the nitrogen to iodine is 1:2. If the washing be pushet 
beyond this point, the compound begins at once to decompose, and 
this progresses continuously during the washing. When decomposi- 
tion begins, the wash water becomes slightly yellow, and the com- 
pound acquires a strong odour of iodine. 

If a considerable quantity of the substance be subjected to sys- 
tematic washing for many hours, and if portions be removed at 
regular intervals and analysed, the ratio between the ammonia and 
iodine becomes progressively less and less, until after some days a 
small quantity of practically pure iodine alone remains. This 
appears to be a sufficient explanation of the variations of composi- 
tion observed ; they are probably due to a decomposition of greater 
or less extent having taken place during the treatment of the sub- 
stance after precipitation. Obviously any composition is possible, 
from that yielding one molecule of ammonia and two atoms of iodine, 
to pure iodine. At any stage of the operation, if the iodine formed 
be removed, the undecomposed nitrogen iodide is found still to have 
its normal composition. This seems to show that only a single 
compound really exists in which two atoms of iodine are associated 
with one atom of nitrogen, and that the compounds of other com- 
positions which have been described are really admixtures of this with 
iodine. 

Nitrogen iodide has always been assumed to be a substitution 
derivative of ammonia, mainly on the ground that in its preparation 
from iodine and ammonia, a large amount of ammonium iodide is 
formed, the amount being supposed to be proportional to the amount 
of nitrogen iodide produced. It has been frequently stated that it is 
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the only other product, and equations have been given representing 
its formation, thus : 

4NH,; + 61= NI; + 3NH,I. 

3NH; + 41 = NHI, + 2NH,I. 


This fundamental statement is, however, incorrect. Ammonium 
iodide ;is not the only other product of the reaction, nor are the 
amounts produced dependent on the amount of nitrogen iodide 
thrown down, but depend on the dilution of the solutions, and on 
the conditions under which the precipitation is effected. When very 
dilute solutions of iodine and ammonia are mixed, they form a per- 
fectly clear liquid ; no nitrogen iodide is precipitated, but ammonium 
iodide and ammonium hypoiodite are formed, according to the 
equation, 

2NH,OH + I, = NH,I + NH,IO + H,0, 


and although the hypoiodite is unstable, the iodine used can nearly 
all be set free again by the addition of excess of acid. 

If somewhat stronger solutions are mixed, a slight precipitation 
of nitrogen iodide takes place, and the amount formed increases 
with the concentration of the solutions, up to a certain point, propor- 
tionally decreasing amounts of ammonium iodide and hypoiodite 
being produced. The amounts of the various products are affected, 
however, very noticeably by the conditions under which the solutions 
are brought together; solutions which will give a copious precipitate 
of nitrogen iodide if the solution of iodine in potassium iodide be added 
to the ammonia, fail to give any turbidity when the ammonia is 
added to the iodine. Further, as each drop of iodine solution falls 
into the ammonia, an immediate local precipitation of nitrogen iodide 
takes place; this, however, at first disappears on shaking, not 
being permanent until a certain amount of iodine has been added. 
These effects are due to the presence of water, potassium iodide, and 
ammonia, all of which are able to decompose the nitrogen iodide. 
The amount of hypoiodite found after the nitrogen iodide has been 
precipitated is seldom equivalent in amount to the ammonium iodide, 
as it seems to decompose some of the nitrogen iodide with liberation 
of nitrogen. This behaviour indicates that the compound may not 
be a substitution product of ammonia at all. If it were a substitu- 
tion product, whatever its formula, the nitrogen iodide produced 
could never contain more than half the total quantity of iodine used, 
as the remaining half would form hydriodic acid, which would com- 
bine with the excess of ammonia present, according to the equation, 

(2 + 7)NH; + 2c1 = NH;_2I, + #NH,I. 

Now, even using a comparatively weak solution of iodine, for 

example, a decinormal solution, considerably more than half the 
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iodine employed can be obtained, under proper conditions, in the 
nitrogen iodide precipitated. The yield depends to a large extent on 
the iodine being dissolved in the least possible quantity of potassium 
iodide, and on the solution being rapidly mixed with the ammonia, 
and, up to a certain point, is increased by using an excess of very 
strong ammonia. This, again, seems to show that the black explosive 
compound cannot be a substitution product. 

A number of other facts support this conclusion. If nitrogen 
iodide were a substitution derivative of ammonia, one would expect 
to be able by suitable reagents to replace the iodine by other groups, 
no such replacement, however, has ever been observed. One would 
expect, for example, to be able to replace the iodine by hydroxyl by 
the action of water or caustic alkalis, or moist oxides of silver or lead, 
obtaining NH,OH, NH(OH),, N(OH);, or products formed from 
these by loss of water, according as one, two, or three of the hydrogen 
atoms were replaced. No hydroxylamine, hyponitrous acid, or nitrous 
acid has ever been detected among the products of such reactions, 
indeed, they follow an entirely different course. This seems the 
more convincing, because nitrogen chloride, which on many grounds 
must be regarded as having -the formula NCl,, always yields nitric 
acid in such reactions. 

Further, iodine only substitutes with extraordinary difficulty, if 
at all, and yet here we have an almost instantaneous substitution, 
and in a group into which iodine is not known otherwise to enter. 
For example, iodine does not substitute in the NH, group, either in 
aniline, or urea, or hydroxylamine, although all are basic. 

The conclusion is again strengthened by the difference in be- 
haviour of the two elements, chlorine and iodine, towards ammonia 
and ammonium compounds. Nitrogen chloride is only formed when 
chlorine acts on an ammonium salt; as long as free ammonia is 
present, nitrogen is liberated. On the other hand, iodine forms 
nitrogen iodide only in the presence of free ammonia, and it has no 
substituting action on any ammonium salt, even in presence of iodic 
acid. 

Again, one would hardly expect ammonium iodide to be formed as 
one of the products of its detonation if it were a substitution pro- 
duct. Also, if the compound NI;, which has often been supposed 
to exist, were possible, one would expect it to be formed when a 
solution of potassium iodide acts on nitrogen chloride. Actually no 
such compound is formed, but nitrogen is evolved, and iodine liber- 
ated. 

Some of the strongest arguments in favour of the view that it is 
not a substitution product, are found in the reactions of the com- 
pound, which do not admit of any simple explanation on the theory 
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of substitution. Whenever the substance is decomposed, ammonia 
and iodine are always liberated. According to the conditions of the 
reaction, these may be free, or partially combined, or they may react 
with the agent effecting the decomposition. This seems to show that 
the substance may really be formed by the direct union of ammonia 
and iodine, and considering the ratio found between the ammonia 
and iodine, that it may be iodo-ammonium iodide, NH;I,.* 

This view of its constitution not only agrees with its composition 
and modes of formation, but gives the simplest explanation possible 
of its entire chemical behaviour. The decomposition of the sub- 
stance by water is very characteristic. If it be placed in a large 
quantity of water, light being excluded, it slowly disappears, forming 
a clear brown solution containing free iodine. If to this solution an 
excess of acid be added, a further quantity of iodine is liberated 
approximately equal in amount to that already free in the liquid. 

If, however, light be admitted, the decomposition is much more 
rapid, and nitrogen is evolved, the rapidity of its evolution being 
determined by the intensity of the light; somewhat more iodine is 
then set free in the liquid, but on adding an acid the further amount 
liberated is not so great. These actions seem best explained thus. 
The iodo-ammonium iodide reacts slowly with water, liberating iodine, 
and forming ammonium iodide and ammonium hypoiodite, half the 
total amount of iodine present in the compound being set free. 


2NH,I, _ H.O = NH,I + NH,IO + I,. 


On the addition of acid, the hydriodic and hypoiodous acids formed 
immediately react, liberating a second portion of iodine, equal in 
amount to that at first set free. 


NH,I + NH,IO + 2HCl = 2NH,Cl + HI + HIO. 
HI + HIO = H,O + I,. 


If light be admitted, some of the compound decomposes, forming 
ammonium iodide, setting nitrogen and iodine free. 


8NH,I, = 6NH,I + N, + 5l;. 


The hypoiodite formed at first, however, really seems to oxidise 
some of the undecomposed compound. 


* Guthrie (J. Chem. Soc., 1863, 16, 239) assigns this formula to a liquid obtained 
by adding finely powdered iodine to a saturated solution of some easily soluble 
ammonium salt, partially decomposed by about one-third of the equivalent quan- 
tity of caustic potash. Neither the mode of purification nor the analytical results, 
however, justify the assumption that a single pure substance is thus obtained. A 
similar liquefaction of iodine is noticed when the solid is added to a solution already 
containing free iodine and free ammonia, obtained by heating the black explosive 
compound with strong aqueous ammonia. 
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This decomposition by water may be the action by which the 
ammonium iodide and hypviodite are obtained in the preparation of 
the compound. This is rendered probable by the rapid disappearance, 
on standing or shaking, of |he black compound first produced when a 
dilute solution of iodine is added to a dilute solution of ammonia. 

It also explains the decomposition of the substance by prolonged 
washing, and the accompanying accumulation of iodine in the residue ; 
the ammonium iodide and hypoiodite formed can dissolve a little of 
the liberated iodine, and therefore the wash water is always some- 
what yellow, but some of the iodine produced cannot thus be taken 
into solution, and consequently remains adhering to the undecom- 
posed compound; the percentage of iodine in the residue, therefore, 
continually increases, and ultimately only a small quantity of prac- 
tically pure iodine is left. 

A solution of potassium iodide appears to decompose the black 
iodide very readily ; this, however, is only apparent; it has no action 
on it other than facilitating the action of water by dissolving the 
iodine as it is formed, so that the decomposition is much more rapid 
and less water is required. 

A solution of ammonia of moderate strength seems to render the 
compound somewhat more stable, but if the solution be very dilute, 
or, on the other hand, if a very large excess be present, the decom- 
position is still rapid, the liberated iodine forming with the ammo- 
nium hydrate, ammonium hypoiodite, and ammonium iodide. 


NH,I, + NH,OH = NH,I + NH,IO. 


The hydrates of sodium and potassium very rapidly decompose 
the compound, liberating ammonia and forming iodide and hypo- 
iodite, or, if the solution be heated, iodide and iodate. 

The oxides of lead and silyer in presence of water similarly decom- 
pose the substance on standing or warming, setting ammonia free, 
and forming iodide and iodate of the metal. 

Finely divided metals, such as silver, copper, or zinc, suspended 
together with the compound in water, assist the action of the water 
by combining with the liberated iodine, a further action sometimes 
taking place between the ammonium hypoiodite and the iodide of 
the metal. 

The action of acids, generally speaking, appears to be to decom- 
pose the compound, setting the iodine free and combining with the 
ammonia; thus, sulphuric acid and hydriodic acid liberate iodine, 
and form ammonium sulphate and ammonium iodide. 


2NH,I, + H.SO, = (NH,).SO, + 21,. 
NH,I, -+ HI = NH,I + I,. 


The action of hydrochloric acid .is, however, peculiar; the sub- 
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stance dissolves, giving a pale yellow solution, which appears to con- 
tain only ammonium iodide and iodine chloride; no iodine is set free 
at first, although, on standing, the colour of the solution deepens, and 
the free element makes its appearance, If excess of potassium iodide 
be added, iodine is at once set free. It appears at first sight unlikely 
that iodine chloride and ammonium iodide should exist together in 
solution ; it may, however, be that a combination with the iodine of 
the ammonium iodide really takes place, and that we have in solution 


a compound, NHI<(), similar to that formed by chlorine with iodo- 


benzene, CHI< Ct. This is not, however, absolutely necessary, for 


in the course of the research many instances have been met with 
of uncombined substances existing together in solution which are 
able to react at once if an excess of one or the other is present. 
Thus, iodine can exist under certain circumstances in presence of a 
very large excess of ammonia, and it can also exist as iodine in 
the presence of a very considerable excess of caustic soda or potash. 

The black explosive compound is at once acted on by all substances 
capable of reacting with iodine, for instance, when hydrogen sul- 
phide is passed through water containing it in suspension, it is 
rapidly decomposed, sulphur being deposited, and the solution 
becoming strongly acid, whilst ammonium iodide and hydriodic acid 
are formed. 

Sulphurous acid and sulphites also readily decompose it, a sulphate 
and an iodide or hydriodic acid being formed. In all decompositions, 
however, which take place in presence of an acid, or in which an 
acid is formed, a further and more complicated action appears also to 
take place. 

Sodium thiosulphate very readily reacts with the compound, 
liberating ammonia, and forming sodium iodide and sodium tetra- 
thionate. This reaction under proper conditions affords a ready 
method of analysis. 

If the compound be suspended in water containing arsenites in 
solution, they are oxidised to arsenates, hydriodic acid and ammonia 
being formed. Alkaline solutions of antimony trioxide also decom- 
pose the compound, antimony pentoxide and hydriodic acid being 
formed. 

Potassium cyanide in solution also at once decomposes the sub- 
stance, ammonia being liberated, and potassium iodide and cyanogen 
iodide formed. 

It is very necessary to note that most of these reactions are not 
quantitative. The substance is so very unstable that results which 
differ considerably are obtained when working under apparently 
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similar conditions. Some approach near to the equations required 
by the formula NH;I,; others, again, agree better with the assump- 
tion that the compound is a substitution derivative. If that were 
the case, however, the reactions would not be so simple, and water 
would have to be assumed to take part in every reaction. Certain 
facts, too, seem to show that this introduction of water into the 
equations is inadmissible. For example, if water be assumed to take 
part in the reaction with sodium thiosulphate, it must be expressed 
thus : 


NHI, + H,O + 4Na,8,0; = NH; + 2Na0H + 2Nal + 2Na.8,0,. 


This would explain the decomposition of .the substance and the pro- 
duction of ammonia, sodium iodide, and sodium tetrathionate. But 
in this case the solution would be alkaline after distilling off the 
ammonia, whilst actually it is always found to be neutral or slightly 
acid, and the amount of alkali indicated by direct titration is obtained 
as ammonia on distillation with potash. It appears more probable 
that the variations from theory are due to the peculiar chemical 
behaviour of iodine. 

If the substance be regarded as an additive product, the manner 
of its formation with liberation of ammonia, when a solution of 
calcium hypochlorite acts on ammonium iodide, is clear; the calcium 


hypochlorite oxidises some of the hydriodic acid combined with the 
ammonia, liberating iodine which is able to combine with half of the 
ammonia present to form the explosive substance, leaving the other 
half free. 


4NHI + Ca<Ooy = 2NH, + 2NH,L + CaCh + 2H,0. 

The action described by Willgerodt, where nitrogen iodide sus- 
pended in water is used as an agent to substitute iodine in various 
phenols, can also be explained. In presence of the water used, a 
hypoiodite is produced, which is almost certainly the active agent in 
the substitution. That this is so is shown by the work of Messinger 
and Vortmann (Ber., 1889, 22, 2314), who obtained a similar sub- 
stitution in phenols by using a solution of iodine in caustic alkali. 
Here, again, hypoiodite is formed, and the action in both cases is 
probably analogous to the well known substituting action of hypo- 
chlorites. 

The view brought forward as to the constitution of the explosive 
compound receives considerable support from the fact recently 
observed by Remsen and Norris (Amer. Chem. J., 1896, 18, 90), that, 
with iodine, trimethylamine yields an additive product, N(CHs)sl., 
which can be weighed and analysed, and which resembles the ammonia 
compound in many of its reactions. 
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On the whole, therefore, it seems that only one compound is formed 
by the action of ammonia on iodine, and that in this, one atom of 
nitrogen is associated with two atoms of iodine. Whether the simplest. 
molecular formula that can be given to the substance must be NHslI, 
or NHI, can only be finally settled by a prolonged and careful inves- 
tigation of all its reactions under the most varied conditions; but at: 
present the formula NH;I, seems best to accord with the reactions 
of the compound as a whole, and best to group all the known facts 
regarding it. A further investigation of the reactions of the com- 
pound is proceeding. 
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CV.—Position-isomerism and Optical Activity; the 
Comparative Rotatory Powers of the Dibenzoyl and 


DIitoluyltartrates. 


By Percy Franxzand, Ph.D., F.R.S., and Frepertck Matcoum 
Wuarron, A.I.C. 


We have recently shown (Trans., 1896, 1309) that the rotatory effect 
of the para-toluyl radicle is greater than that of the meta-, and this, 
again, greater than that of the ortho-toluyl grouping; and we have 
also pointed out that this relationship isin harmony with the relative 
position of the centre of gravity in these several groups; for, assum- 
ing that the centre of gravity of the benzene ring is the geometrical 
centre of a regular hexagon, it is obvious that in the ortho-arrange- 
ment of the toluyl group the centre of gravity is somewhat nearer, 
in the meta-arrangement somewhat further, and, in the para-arrange- 
ment, still further than that geometrical centre from the carbon 
atom (the carbonyl carbon), by means of which the ring is attached 
to the asymmetric carbon atom of the tartaric acid. 
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Thus, in Fig. 1, with the CH; group in the ortho-position relatively to 
the CO group, the centre of gravity of the toluene ring would be atgq’, 
with the CH; group in the 
Fie. 1. meta-position it would be 
to at g”, and, with the CH, 
group in the para-position 
it would be at g’". Now, 
the moment of the mass of 
the toluene group around 
the carbonyl carbon atom 
will obviously be greatest 
when the centre of gravity 
is at g'", and least when it 
is atg’'. If, then, the op- 
tical activity is affected 
by the moment of this 
mass, the rotatory power of 
the para-toluyl compound 
should be the greatest, 
that of the ortho-toluyl 
CH; (p) compound the least, and 
that of the meta-toluyl 
compound intermediate between those of the other two. This rela- 
tionship was, indeed, shown to hold good in the case of the methyl 
and ethyl salts of ortho-, meta-, and para-ditolayltartaric acid. 

The question naturally arises as to how the rotation of these 
toluyl compounds will be related to the corresponding benzoyl deri- 
vatives. In the latter we have a smaller mass (by CH,); but this 
mass, which has its centre of gravity practically coincident with the 
geometrical centre of the hexagon, acts through a longer arm than 
in the case of the larger mass of the ortho-toluyl arrangement, and 
through a shorter arm than in either the meta- or para-toluyl 
arrangements. 

In order to institute this comparison, the rotatory power of methylic 
and ethylic dibenzoyl tartrates was required. Both of these com- 
pounds have already been prepared (Pictet, Guye and Fayollat, 
Freundler; Thesis, Paris, 1894), but in both cases their rotation had 
only been determined in solution, and the results were, therefore, of 
no value for the purpose we had in view. We have, consequently, 
prepared both of these substances again, and have determined their 
rotation over a wide range of temperature, in the liquid or superfused 
state, for comparison with the rotation of the methylic and ethylic 
ditoluyltartrates recently described by us. 

Preparation of Methylic Dibenzoyltartrate—Fifteen grams of pure 
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methylic tartrate (obtained by the hydrochloric acid method) were- 
run from a dropping funnel into 38 grams of benzoic chloride heated 
to 145°, the temperature being gradually raised to 180°. When thie- 
evolution of hydrogen chloride had ceased, the excess of benzoic 
chloride was distilled off under reduced pressure, the ethereal salt 
subsequently passing over at 275—282° (about 19 mm. pressure) ; 
21 grams were obtained which crystallised immediately on cooling. 
The substance was repeatedly recrystallised from methylated spirit 
until of constant melting point; it is but very slightly soluble in 
this solvent, and is obtained as long needles melting at 135°5°. On 
combustion, the following results were obtained. 
0°2004 gave 0°4561 CO, and 0°0855 H.0. C = 62:07; H = 4°74. 
CH,O, requires C = 62°18; H = 4°66 per cent. 
The density taken at 150° and at 160°, was 
d@150°/4° = 1°1285. d 160°/4° = 1:1191, 
from which, by extra- and intra-polation, were calculated 
d100°/4° = 1:1755. d 137°/4° = 1:1407. d 183°/4° = 1:0975. 


and, at these latter temperatures, the rotation was determined with: 
the following results : 


Rotation of Methylic Dibenzoyltartrate. 
(Length of polarimeter tube in each case was 44 mm.). 
—37°53° 
O44 x 11755 
_  —33°55° 
~ 0°44 x 11407 


—28°46° 
At 183° = a ee HO —456°5. 
183" » = oa x 10073 5 z 456°5 


At 100° [a]p = = —72:56°; [s]p* = —589. 


At 137° _,, = —66'84° __,, —531. 


Preparation of Ethylic Dibenzoyltartrate——The method pursued was 
the same as that described above for the methyl compound; after 
distilling off the excess of benzoic chloride, the ethereal salt passed 
over at 270—280° (about 10 mm. pressure). The distillate did not 
solidify, nor could crystallisation be induced by employing the most 
varied solvents ; it was, therefore, redistilled, and washed in ethereal 
solution with sodium carbonate, after which, on standing for about 


* (d]p is the rotation constant which Guye has introduced under the name of 
“molecular deviation ” ; it is calculated from the formula 


@ = observed rotation; 7 = length of tube; M = molecular weight; d = density. 
Repeated reference has been made to this constant by one of us in previous papers. 
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three weeks in the vacuum desiccator, crystals began to appear, and 
then, on stirring, the whole crystallised. The solid was subsequently 
purified by repeated recrystallisation from methylated spirit until of 
constant melting point, 62°5°. 

0°3618 gave 0°8437 CO, and 0:1772 H,O. C = 63°60; H = 5-44. 

01958 ,, 04571 ,, ,, 00957 ,, C= 6367; H = 5-43. 

CHO, requires C = 63°77; H = 5°31 per cent. 

The density was determined at 70°, 90°, 100°, and 136°5°, d 70°/4° 
= 111537, d 90°/4° = 1°1362, d100°/4° = 1°1280, d 136°5°/4° = 
1:0970, from which by extra- and intra-polation were calculated : 

d@ 1:3°/4° = 1:2121. d 44°/4° = 1:1758. 9d: 77°59/4° = 11472. 

d@ 18°/4° = 1:1979. 4d 53°5°/4° = 11677. d109°5°/4° = 1:1199. 


d 38°/4° = 1:1809. d 60°/4° = 11622. d182°5°/4° = 1:0571. 


and at these temperatures the rotation was determined, with the 
following results : 


Rotation of Ethylic Dibenzoyliartrate. 


(Length of polarimeter tube in each case was 44 mm.). 
At 19° [a]p = —— S006 _ = 56-869; [a] 
044 x 12121 7 ‘ 

—31-29° > 

” > = Ogex rig7 ~ ~2738 
_ = 82-06° 
~ O44 x 11809 
a —32°10° 
~ 044 x T1758 

—32°00° 
~ 0-44 x 11677 
pa —31°85° 
~ O44 x 11622 

—31°37° , 
= ou x Tien = 
—— ae 
~ 044 x 1:1280 — 
_ 251° 
~ O44 x 11199 ~ 

—27°38° vate 
= O44 x 10070 
nal — 24°03 
~ 0°44 x 10571 


At = —61°70 


At = —62°05 
At = —62°28 
At = —62°28 


At 


At 100°0 —60°77 


At 109°5 —59°89 


= —51°66 
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This is a very remarkable series of rotations, exhibiting, as it does, 
a phenomenon which, as far as we are aware, has not hitherto been 
observed, namely, the passage through a maximum in the change of 
rotation, brought about by change of temperature, or, in other words, the 
occurrence of a change in the sign of the sensitiveness of the rotation to 
the temperature. Thus, from the above figures it will be seen that 
the greatest observed rotation was attained between the temperatures 
of 38° and 53°5°, whilst the maximum specific rotation was reached 
and remained practically constant between 53°5° and 77°5°; again, 
the maximum molecular deviation is found, and remains practically 
constant between 38° and 60°. It is noticeable that this maximum 
rotation occurs in the vicinity of the melting point of the substance, 
namely, 62°5°. Indeed, from the figures and curves given in our 
recent communication on the methylic and ethylic ditoluyltartrates, 
and which are reproduced below, it will be seen that in those cases 
in which we examined the rotation of these compounds in the super- 
fused state, the sensitiveness of the rotation to temperature had a 
tendency to change in the vicinity of and below the temperature of 
fusion; in fact, in the case of the methylic orthoditoluyltartrate 
there was some evidence of a maximum rotation, although not nearly 
so pronounced as in the case of this ethylic dibenzoyltartrate. 
Thinking that possibly the above results might be due to the 
ethylic dibenzoyltartrate possessing an abnormal density in a state 
of superfusion, and as the densities employed in the ahove calcula- 
tions for specific rotation at temperatures below the melting point 
had all been arrived at by extrapolation, we subsequently made the 
following direct determinations of the density in the superfused 
state: 
By experiment. By extrapolation. 
d 4209/4" = 11751 11775 
d 53°5°/4° = 1:1658 11677 
d 59°0°/4° = 1:1602 1/1630 
These differences, however, produce so little effect on the specific 
rotation that the recalculation of the specific rotations on the basis of 
these direct density determinations is quite unnecessary, and the 
attainment of the maximum rotation referred to above is not influ- 
enced thereby, thus: 
Using extrapolated Using direct density 
density. determination. 
[a]p at 44°0° —62°05° —62°17° 
—s — 62°28 — 62°38 
- w» we — 62°28 —€2'44 


In the following diagram we have, for comparison, graphically 
represented the sensitiveness to temperature of the specific rotation 
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of the methylic and ethylic dibenzoyltartrates, as well as of that 
_of the six corresponding ditoluyltartrates. From this diagram it 
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will be seen that the specific rotation of the methylic dibenzoyltar- 
trate is markedly greater than that of the methylic orthoditoluyl- 
tartrate for the same temperatures, and’ similarly the ethylic 
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dibenzoyltartrate has a greater specific rotation than the ethylic 
orthoditoluyltartrate, excepting at those lower temperatures at which 
the rotation of the ethylic dibenzoyltartrate becomes abnormal in the 
sense indicated above. 

In order to ascertain whether the same relationship between the 
several compounds in question is maintained when the rotation pro- 
duced by an equal number of molecules of each is submitted to com- 
parison, we have also calculated the “‘ molecular deviation ” (see note, 
p. 1585) for the six ditoluyltartrates. Thus, using the formula 


[s]> = £/ 


Molecular Deviation of Methylic Ortho-ditoluyltartrate. 
—42:30° ,/ 414 
0°44 12354 
_ —4241° 3/ 414° 
0°44 1:2291 
= —4)°17° 3 414 
0:44 12152 

_ —39:03° 3/ 414° 
0°44 11950 

oe —37°40° 3 414— 
~ 0°44 1°1803 
_ 34479 5/414 
~~ 0-44 11516 
—8455° 3 / 414 
Orde 11516 
— —30:13° 3/ 414 
0:44 11174 

_ —80°32° ,/ 414 
Ores 11162 
— —24'89° 3/ 414 
~ Ord 1:0722 


At 12:0°[é]p = = —668'0. 


At 19:0 —671°0. 


At 33°5 = —653'5. 


At 545 —623°0. 


At 700 —599°0. 
At 100°0 —557°0. 
At 100°0 —558°0. 
At 136-0 —492°0. 


At 137°0 —495°0. 


At 183 0 —412°0. 


Molecular Deviation of Ethylic Ortho-ditoluyltartrate. 


—31'52° 3 / 442° 


0-44 fay = 


At 11:0° [é]p = 


_ —31:07° 5 442 
0°44, 1°1705 
VOL. LXIX. 5 Pp 


At 300 _,, = —510. 
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—30°30° , / 442 


At 48-49°5° [8]p — om a 11567 = 


—28:97° ,/ 42 _ 
0-44 T1359 ~ 
—26°77° 5 / 442 _ 


At 700 ,, 


At 100°0 _—,, 


_ —2401° , 7” 442 


A ; = akin oan. = 
Leer.» 0°44 10833 


Molecular Deviation of Methylic Meta-ditoluyltartrate. 
—39°62° 3 / 414 

0°44 1°1395 
—3444° 3 / 414 

0°44 11090 
_*—28°68° ,/ 414 

» =—oag A/ 10692 


At 100°0° [a]p = = —642°5. 


At 1360 ,, = —5640. 


At 183°0 = —475°0. 


Molecular Deviation of Ethylic Meta-ditoluyltartrate. 
—35°48° 3,/ 442 
O'4edh 11617 
_ —35°10° 3/ 442 
O44 AY 11584 
_ —34°75° 3 / 442 
~ O44 11420 
_ —3454° 3 / 442 
Qh 11376 
(O44 10971 
_ —30°76° 3/ 442 
0°44 1:0967 
—27°57° 3/ 442 
0°44 1:0673 


At 205° [é]p = = —583°5. 


At —579°0. 


At —575'5, 


At —573-0. 


At —522°0. 


At 100°0 —516°0. 


At 1360 — 467-0. 


Molecular Deviation of Methylic Para-ditoluyltartrate. 


At 1000? [a}_ =: OESE .2/ SS 


Bhi FE ——. = —836. 
0°44 1:1399 - 


” 0°44 
_ —3616° ; 
0°44 


At 1355 


At 183-0 __,, 


4l4 
11095 
414 

—. = —§99. 
10687 . 


—731. 
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Molecular Deviation of Ethylic Para-ditoluyltartrate. 


At 100-0° [3] = —*24*" 


YY 
oe A/ Pos7e = — 9: 
_ —38:28° 5 / +442 

O-4e4 1:0680 
- —31°52° 3 4.42 =_ 
0-44 1:0308 ~~ 

The diagram which is obtained by plotting out the values of these 
molecular deviations as ordinates with the temperatures as abscisse, 
is so similar to that given above for the specific rotations that it does 
not appear worth recording separately. It is obvious, therefore, that 
whether we consider the specific rotations or the molecular deviations, 
the relationship subsisting between these eight compounds is main- 
tained, their several rotatory powers for the same temperature stand- 
ing in the following order : 


A. B. 
Methylic para-ditoluyltartrate. Ethylic para-ditoluyltartrate. 
‘is meta- = 7 meta- * 
- dibenzoyltartrate. »  dibenzoyltartrate. 
” ortho-ditoluyltartrate. »  ortho-ditoluyltartrate. 
We may also compare the values of the constant known as “ mole- 
M[«]p 
100 


At 1370 _,, = —648. 


At 183°5 se, —540. 


cular rotation,” [M]p = 


Thus— 


for these several compounds. 


Methylic Dibenzoyltartrate. 


At 100°0° [M]p = —280°1° 
At 137-0 ,, —258 0 
Av 1830 ,, —227°5 


Ethylic Dibenzoyltarirate. 


At 1°3°[M]p 
18-0 


tubo 


hue u dod 


At 182°5 


Methylic 9-Ditoluyltartrate. 


At 12-0° [M]p = —322°2° 
At 19-0 —324°7 
At 33° - —318°8 
At 54° = —307°3 
At 70° = —298°2 


At 100°0 
At 100°0 
At 136°0 
At 137 °0 
At 183 °0 


hie ud 


—281°6 
— 282 °3 
— 253 °7 
— 255 ‘6 
—218 *4 


Ethylic o-Ditoluyltartrate. 


At 11°0°[M]p 
At 30°0 

At 48-49 °5 

At 70°0 

At 100°0 

At 135 °0 


fioaud vd 


— 266°8° 
— 266 °7 
— 263 “1 
— 256 *2 
—241°9 
—222°6 


Methylic p-Ditoluyltartrate. 


At 100°0° [M]p 
At135°0 ,, 
At 183°0 __,, 


—425°7° 
—378°9 
—318°4 


Ethylie p-Ditoluyltartrate. 


At 100-0° [M]p 
At 137-0 __,, 
At 183°5 _,, 


—897 7° 
—360°0 
--307 °2 
Pp 2 
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Methylic m-Ditoluyltartrate. Ethylic m-Ditoluyltartrate. 


At 100-0? [M]p = —327°1° At 20°5° [M]p = —306°4° 
At136‘0 ,, = —292°2 At 24°5 — 304 *4 
At183‘0 ,, = —252°4 At 44°5 —305°7 

At 50°0 —305-0 
At 99°5 —284°6 
At 100-0 —281°7 
At 136-0 —259°5 


These figures show that the relationship between the molecular 
rotations of the dibenzoyl- and o-ditoluyltartrates is somewhat more 
complex than in the case of the specific rotations and the molecular 
deviations. Thus, at high temperatures, the molecular rotation of 
the methylic and ethylic dibenzoyltartrates is markedly greater than 
that of the corresponding o-ditoluyltartrates, whilst at low tempera- 
tures the latter compounds have the higher rotation. This relation- 
ship is best observed by means of the accompanying diagram, from 
which it will be seen that above 108°, the methylic dibenzoyltartrate 
has a greater molecular rotation than the methylic orthoditoluyltar- 
trate, and that above 62° the ethylic dibenzoyltartrate has a greater 
molecular rotation than the ethylic orthoditoluyltartrate ; now the 
methylic dibenzoyltartrate melts at 135°5°, and the ethylic dibenzoyl- 
tartrate at 62°5°, so that it is in both cases at temperatures below 
their melting points that they exhibit a molecular rotation inferior to 
that of the corresponding ortho-ditoluyl compounds. But it is just 
below the melting point that we should expect to find, and in some 
of the cases referred to we have actually found, abnormal rotations 
occurring. 

These results furnish, therefore, an answer to the question raised 
at the beginning of this paper, showing, as they do, that the smaller 
mass present in the benzoyl compound, but with the more distant 
centre of gravity, and acting, therefore, through a longer arm, has, 
in this particular case, a greater rotatory effect than the larger mass 
present in the ortho-toluyl compound with its centre of gravity 
nearer to the carbonyl carbon atom, by means of which, in each of 
these compounds, the groups in question are attached to the asym- 
metric atom of carbon. The result is, moreover, the same, whether 
we measure the “rotatory effect” by specific rotation, by molecular 
deviation, or by molecular rotation, provided that the comparisons 
are only made at temperatures above the melting points of the com- 
pounds in question. 


Mason College, 
Birmingham. 


Fia. 3.—Influence of Temperature on the Molecular Rotation of Methylic and Ethylic Dibenzoyltartrates and 
Ortho-, Meta-, and Para-ditoluyltartrates. 
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Temperature. 


N.B.—The diagram also indicates.the melting points in the cases of those compounds known in the solid state ; those only known as liquids are 
marked “ liquid.”’ 
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CVI.—Thiocarbimides derived from Complex Fatty 
Acids. 


By Avucustus Epwarp Dixon, M.D. 


Our acquaintance with the fatty acidic thiocarbimides is at present 
limited to those derived from acids relatively poor in carbon, the 
highest member of this class hitherto obtained being a valeryl com- 
pound, C,H,CO-NCS (Dixon, Trans., 1895, 67, 1040). The lead 
thiocyanate process already described for preparing these and allied 
substances is apparently generic; it seemed, therefore, of interest to 
endeavour to apply it to some of the higher terms of the fatty acid 
series, and experiments were accordingly carried out in this direc- 
tion. The results obtained form the subject of the present commua- 
nication. 

The process above referred to consists in heating, in a reflux 
apparatus, the corresponding acid chloride and dry Jead thiocyanate, 
with anhydrous benzene, to the boiling point of the mixture; occa- 
sionally toluene is preferable, and sometimes even cumene, on 
account of the higher temperature thereby attainable; the presence 
of a solvent is generally essential, for, in its absence, the avid chlor- 
ide often fails to completely moisten the thiocyanate; moreover, in 
some cases, violent action occurs, accompanied by charring of the 
materials, if they be heated together without a diluent. 

Using charges of 20 to 30 grams of chloride, and 50 to 60 c.c. of 
benzene, with 14 times the theoretical quantity of finely divided lead 
salt (preferably mixed with about its own weight of dry sand), and 
keeping the contents of the flask in constant motion, 10 to 15 minutes’ 
heating, as a rule, is sufficient ; interaction is complete when, after 
allowing the solid products to completely subside, the clear super- 
natant liquid no longer affords a green flame coloration, when used 
to moisten a fragment of copper oxide. Occasionally it proves difficult 
to obtain a solution free from chlorine ; if this end is not attained 
within 30 minutes, it is generally best to filter at once through dry 
paper, by aid of the pump, mix the filtrate (including washings) with 
a little fresh thiocyanate, and boil up again. As soon as the inter- 
action is at an end, the mixture is filtered, well washed with dry 
benzene, and the filtrate diluted further with the same solvent, 
so that each litre contains 1 gram-molecule of product; if pure 
materials are employed and moisture carefully excluded, the yield 
of dissolved thiocarbimide is, in most cases, practically quantitative. 
If possible, the solutions should be used without delay; they are apt 
to decompose on keeping for a few days, or it may be, hours, with 
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formation of brownish, insoluble amorphous solids—polymeric forms, 
very likely, of the thiocarbimides. 

Unfortunately, no really satisfactory method has yet been found 
of isolating the dissolved products; steam distillation is out of the 
question, as they are all readily attacked by water ; some of them do 
not distil unchanged under diminished pressure, and even if they do, 
there is generally heavy loss, owing to the substance being freely 
carried over with the vapour of the solvent. 


I. PALMITYLTHIOCARBIMIDE, C,;Hs,*CO:NCS, anp its Derivatives. 


Pure palmitic acid, melting at 61°, was treated with phosphorus 
pentachloride, as prescribed by Krafft and Biirger (Ber., 1884, 17, 
1379) ; the organic chloride, on further treatment with lead thio- 
cyanate, afforded a yellowish solution of the corresponding thiocarb- 
imide, the yield of the latter being nearly quantitative. 

When shaken up with cold water, the solution gave, on the addi- 
tion of ferric chloride, a distinct red coloration ; if previously boiled 
with water, the thiocyanic reaction so obtainable was greaily 
intensified. 


C\sHs,CO-NCS + H,O = C,;H;,COOH + HSCN. 


But the dissolved substance is, nevertheless, a thiocarbimide, or, at 
least, can act as such, for the solution, when mixed with alkaline 
lead tartrate, is copiously desulphurised on boiling; ammoniacal 
nitrate of silver, when added to the alcoholic mixture, affords a curdy 
white precipitate, which readily blackens on warming; and, more- 
over, on treatment with organic bases, union occurs directly, with 
evolution of heat and production of the corresponding substituted 
thioureas. Unless, therefore, this compound and its congeners are 
to be regarded as tautomeric, in the sense of being capable of acting 
either as thiocyanate or thiocarbimide, according to the conditions 
under which they are placed, there seems to be only one way of 
satisfactorily accounting for the production of thiocyanic acid, 
namely, that hydrogen thiocarbimide is initially formed, together 
with an acid, 


R:CO-NCS + H.O = R-CO-OH + H:N°C:S, 


but thereupon undergoes, more or less rapidly, metameric rearrange- 
ment into the more stable configuration, H-S-C:N. 

The suggestion here made has already been mentioned in a former 
paper (Dixon and Doran, Trans., 1895, 6'7, 575); I hope later on 
te investigate the phenomena more fally, particularly with a view to 
obtain, if possible, the hypothetical intermediate product, H:NCS. 

In preparing the addition compounds described below, the fresh 
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benzene solution was employed; when cold, it is practically devoid 
of odour, save that of benzene, but if heated, a slight acid thiocarb- 
imidic smell becomes perceptible ; on exposure to ordinary moist air, 
it slowly decomposes, owing to hydration, crystals of palmitic acid 
being deposited. 

Isolation of the Thiocarbimide.—In order to completely expel the 
solvent, a benzene solution, obtained from 25°6 grams of palmitic 
acid, was heated to 150° in an oil bath at 12 mm. pressure; on cool- 
ing, and allowing it to remain, the residue solidified to a dark brown, 
warty-looking mass. On attempting to distil this, a few grams of a 
clear, pale yellowish liquid of slightly pungent odour were collected, 
boiling between 200° and 205° under a pressure of 10 mm. Much 
decomposition now occurred, gas being evolved, and the pressure 
rising to about 100 mm.; the residue became dark and treacly in 
consistence, but no more liquid came over. Continuing the heating, 
the pressure gradually diminished to almost 9 mm., but still nothing 
distilled over, and frothing now became so troublesome that the pro- 
cess had to be stopped. 

After keeping a few hours, the distillate had darkened somewhat, and 
presently changed to a brownish solid, melting at the temperature 
of the hand. It gave reactions similar to those of the benzene solu- 
tion, and when pressed between folds of bibulous paper, formed a 


softish mass, which was dried over sulphuric acid and analysed. 
0°2029 gave 0°1554 BaSO,. S = 10°52. 


02248 ,, 91 c.c. moist nitrogen at 11° and 764mm. N = 4°85. 
C,;sH;,CO-NCS requires S = 10°78; N = 4°72 per cent. 


ab-Palmitylphenylthiocarbamide, C,s;Hs,;CO-NH:CS:NH-C,H,, 


Molecular proportions of aniline, dissolved in benzene, and the 
thiocarbimide were mixed; heat was at once evolved, the mixture 
becoming slightly turbid, and, on cooling, the whole gradually solidi- 
fied. By several recrystallisations from absolute alcohol, very fine, 
hair-like, interlacing needles were obtained, having a somewhat 
greasy feel and waxy appearance, and melting at 62—63° (uncorr.). 
A sulphur determination afforded the following result. 


0°2512 gave 01476 BaSQ,. S = 8:08. 
C.3H;.N,SO requires S = 818 per cent. 


When heated with water, the powder melts, forming a colourless 
oil, specifically lighter than the water; it is quite insoluble in the 
latter, even at the boiling point, and, on cooling, again solidifies to a 
crystalline cake; it dissolves easily in hot alcohol and light petro- 
leum, much more sparing in cold, and freely in ether, chloroform, or 
benzene. The alcoholic solution gives no colour reaction with ferric 
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chloride; it is desulphurised at once in the cold by ammoniacal 
nitrate of silver, or by alkaline lead tartrate on boiling. 

Action of Silver Nitrate—To a hot alcoholic solution of the above 
thiocarbamide, a little more than the calculated quantity of silver 
nitrate, in weak spirit, was added; silver sulphide was precipitated 
‘instantly, and after a few minutes’ boiling, the mixture was filtered ; 
as it cooled, the filtrate deposited palmitylphenylurea, in microscopic 
needles, melting, after recrystallisation from alcohol, at 90—91° 
(uncorr.), apparently without decomposition. 


0°2228 gave 14 c.c. moist nitrogen at 18° and 777 mm. N = 7°42. 
C.,;Hs,N,0, requires N = 7°50 per cent. 

The urea is insoluble in water, but when heated with it melts to a 
colourless, floating oil, which solidifies again on cooling; it is freely 
soluble in chloroform, carbon bisulphide, hot alcohol, and hot light 
petroleum, sparingly in the cold; very freely in hot, and moderately 
in cold, benzene. 


ab-Palmitylorthotolylthiocarbamide, C\sH3"CO-NH:CS:NH:C,H,CH;. 


Heat was evolved on mixing the thiocarbimide with orthotoluidine 
in benzene solution ; on cooling, the mixture remained clear, but pre- 


sently solidified ; the product, when drained, pressed, and recrystal- 
lised from boiling absolute alcohol, formed a felted mass of very 
fine, white needles, melting at 65°5—66°5° (uncorr.). The yield of 
recrystallised material was 72 per cent. of the theoretical. 


0°265 gave 0°1548 BaSO,. S = 8:03. 
C4HN.SO requires S = 7:93 per cent. 


It is insoluble in water, with which, on heating, it behaves like 
the corresponding pheny! derivative (to avoid repetition, it may here 
be stated that all the compounds described in the present communi- 
cation resemble one another in this respect), freely soluble in boiling 
alcohol, rather sparingly in cold, easily in benzene, ether, and chloro- 
form. Ferric chloride, added to the solution in dilute alcohol, 
produces no colour change; silver sulphide is precipitated in the 
cold on treatment with ammoniacal silver nitrate; the sulphur is 
also readily withdrawn by boiling with alkaline lead tartrate. Unlike 
its lower homologues, it does not appear to give up the contained acid 
radicle when warmed with dilute aqueous potash. 

Desulphurisation.—By treating a boiling dilute alcoholic solution of 
the thiocarbamide with silver nitrate, as described for the corre- 
sponding phenyl compound, ab-palmitylorthotolylurea was obtained 
in woolly masses of very slender, flexible needles ; when recrystallised 
from spirit, they melted at 98° (uncorr.) without undergoing decom- 
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position, forming a clear brown liquid, and afforded the following 
result on analysis. 


0:2 gave 12°4 c.c. moist nitrogen at 18° and 775mm. N = 7:30. 
C4HyN.,O, requires N = 7°23 per cent. 


The compound is insoluble in water, freely soluble in hot alcohol, 
but only sparingly in cold; it dissolves easily in chloroform, from 
which it is precipitated on the addition of light petroleum. 


ab-Palmitylparatolylthiocarbamide, C\;H3,;CO-NH-CS:NH-C,H,yCH;. 


The constituents, dissolved in benzene, united at once with evolu- 
tion of heat, and, on cooling, the whole solidified to a rather greasy- 
looking crystalline mass; by concentrating the mother liquor 
expressed from this, another less pure crop was obtained, the sum 
of the two weights amounting to a practically quantitative yield. 
On recrystallisation from boiling absolute alcohol, beautiful tufts of 
very delicate, white needles were deposited, melting without decom- 
position at 75—76° (uncorr.). 

0°2052 gave 0°12 BaSO,. S = 8:04. 

CyH NSO requires S = 7°93 per cent. 


In relation to solvents, ferric chloride, silver and lead salts, thi 
compound resembles, in the main, its ortho-analogue. 

Desulphurisation—The boiling, dilute, alcoholic solution, when 
treated with silver nitrate, afforded a good yield of the corresponding 
ab-paimitylparatolylurea ; the latter separated in very fiue, flexible 
needles, melting at 89—90° (uncorr.), without decomposition, and 
having properties similar to those uf its isomer already described. 
On analysis the following figures were obtained. 


0:2 gave 12°5 c.c. moist nitrogen at 20° and 775 mm. N= 7:29, 
CyuHyN,O, requires N = 7°23 per cent. 


n-Palmityl-v-methylphenylthiourea, C\;H3,;CO-N:C(SH)-N(CHs)-C,.H;. 


Obtained, with evolution of heat, from palmitylthiocarbimide and 
alcoholic methylaniline; on slightly concentrating the brownish 
solution, and allowing it to cool, it solidified ; the product, drained 
and pressed, as usual, on the pump, was dissolved in boiling 
absolute alcohol, treated with animal charcoal, and thus obtained in 
very slender, white needles, melting at 59—60° (uncorr.). The 
yield of purified substance was nearly 63 per cent. of the theoretical. 
The formula was checked by analysis. 


0°2256 gave 0°1314 BaSO,. S = 8:00. 
CyH»N:SO requires S = 7°93 per cent. 
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Palmitylmethylphenylthiourea is insoluble in water, very freely 
soluble in chloroform, benzene, and hot alcohol, moderately in cold. 
Its alcoholic solution is not affected by boiling with alkaline lead 
tartrate, and, if treated with ammoniacal nitrate of silver, affords a 
white precipitate, which darkens only slightly on boiling. If, how- 
ever, the hot solution be mixed with caustic alkali, and silver nitrate 
then added, the brownish precipitate of silver oxide at first pro- 
duced rapidly blackens, owing to the formation of silver sulphide. 


n-Palmityl-v-phenylbenzylthiourea, 
C,;H3,° C O-N:C (S H)-N(C,H;) *CH,°C,H,. 


Benzylaniline and the thiocarbimide, in alcohol and benzene res- 
pectively, interacted spontaneously with evolution of heat, and a clear, 
brownish liquid was formed, which presently solidified; the amount 
of yellowish residue, after draining and pressing, was approximately 
quantitative. By dissolving in hot alcohol, and adding sufficient 
water to cause incipient precipitation, the solution, as it cooled, depo- 
sited the thiourea in very slender needles, melting at 62—63° (uncorr.). 
A portion was analysed. 


0°2208 gave 0°'105 BaSO,. S = 6°53. 
Cy5HyN.SO requires S = 6°65, per cent. 


The compound is insoluble in water, easily soluble in hot alcohol, 
and moderately in cold; it is not affected by treatment with alkaline 
lead tartrate, and, in alcoholic solution, yields a white precipitate, 
with ammoniacal nitrate of silver, which is barely darkened, even 
on boiling the mixture. 

Trisubstituted thioureas not uncommonly prove difficult to attack 
by neutral or aimmoniacal silver salts, and occasionally withhold their 
sulphur altogether; it is generally possible, nevertheless, to desul- 
phurise such compounds by modifying the conditions, as described in 
the following experiment. 


a-Palmityl-b-phenylbenzylurea, C,;Hs,;CO-NH-CO-N(C,H;)-CH,'C,H:. 


The corresponding thiourea (1 mol.), dissolved in hot absolute 
alcohol, was mixed with normal caustic alkali (2 mols.), and to the 
clear mixture, silver nitrate (2 mol.), dissolved in hot, dilute spirit, 
was added. A brown precipitate of silver oxide formed at once, but 
after a few seconds, began to darken, and rapidly changed to full 
black. The mixture was boiled for some minutes, a small quantity 
of strong ammonia added, and the silver sulphide removed with the aid 
of the pump; a clear, colourless solution was thus obtained, which 
was treated with water to incipient precipitation; on cooling, a 
white solid separated, which on recrystallisation from boiling spirit, 
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separated in beautiful tufts of pearly needles, becoming moist at 67°, 
and melting at 68—69° (uncorr.). A nitrogen determination gave 
figures agreeing with those required for the urea. 


0'2554 gave 14 ¢.c. moist nitrogen at 17°5° and 748 mm. N = 6°24. 
C35H,,N20, requires N = 6°05 per cent. 

This treatment with hot alkali and silver nitrate is more effica- 
cious in desulphurising thiourea derivatives than any other wet 
method that Iam acquainted with; I have not yet had an opportunity 
to try it upon a tetra-substitution derivative, but every tri-substituted 
thiourea so far examined—and a considerable number were tested— 
yields up its sulphur with ease. Moreover, certain other sulphur- 
etted compounds, for example, the penthiazoline derivatives lately 
described (Trans., 1896, 69, 17; 851), and Volhard’s “ thiocarbimido- 
acetic acid” (dioxythiazole), substances whose sulphur is included 
in a closed chain, and which are, in consequence, refractory under 
the ordinary treatment with ammoniacal silver, or alkaline lead, 
salts, yield more or less completely to the attack by hot, alkaline 
silver oxide. 

It seemed probable that this process might be applied to trisub- 
stituted thioureas other than those containing acidic groups; but, 
judging from experiments made with n-benzyl-v-methylphenyl-, 
n-ethyl-v-phenylbenzyl-, and tribenzylthioureas, the interaction 
does not ran sufficiently smoothly to afford the basis of a satisfactory 
general method for preparing tri-substituted ureas. 


II, STEARYLTHIOCARBIMIDE, C,;H,,;CO*NCS, anv 1ts Derivatives. 


Stearyl chloride, prepared from pure stearic acid by Krafft and 
Biirger’s method (loc. cit.), was digested, as already described, with 
dry lead. thiocyanate, shaking constantly. In about 20 minutes, the 
benzene solution was free from chlorine; it was filtered from the 
insoluble lead salts, the latter well washed, and the filtrate diluted as 
in the case of the palmityl homologue. The clear, golden-yellow 
solution, when hot, possessed the usual acid thiocarbimidic smell, 
though only in a slight degree; when cold, it was nearly devoid 
of odour, excepting that of the solvent. When shaken up with 
water and treated with ferric chloride, the mixture reacted dis- 
tinctly for thiocyanic acid, but the full red coloration was, as 
usual, developed only after heating. Care was taken, during the 
preparation, to avoid, as far as practicable, access of moisture, but 
nevertheless, a certain amount of hydration “occurred, and the solu- 
tions in the course of 24 hours, deposited small quantities of a white 
crystalline solid, free from sulphur, melting at 68—69°, and consist- 
ing of stearic acid. The presence of dissolved thiocarbimide was 
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recognised, as before, by its ready desulphurisation under the in- 
fluence of alkaline lead and silver salts. It is worth mentioning that 
the course of the former interaction appears to depend largely on the 
way in which it is carried out; if, for example, the solution be mixed 
with dilute caustic alkali, and the mixture boiled for a few minutes, 
the product, on further treatment with alkaline lead solution, will be 
desulphurised only feebly, whilst another portion, similarly boiled 
and acidified with dilute hydrochloric acid, gives, on the addition of 
ferric chloride, an intense thiocyanic reaction. If, however, the sub- 
stance be directly mixed with the lead solution, and forthwith heated, 
desulphurisation occurs freely, whilst another portion, mixed with 
cold alkali, then acidified as before, and treated with ferric chloride, 
gives only a faint reaction for thiocyanic acid. Palmitylthiocarb- 
imide, when similarly treated gave substantially the same results ; in 
this case, however, the alternative behaviour, as thiocyanate, or thio- 
carbimide, was less sharply marked than with the stearyl homologue. 


ab- Stearylorthotolylthiocarlbamide, C,H 3*CO*-NH:CS:NH:C,HyCH;. 


This was obtained, with evolution of heat, from the thiocarbimide 
and orthotoluidine, the latter dissolved in absolute alcohol. On cooling, 
the mixture became solid, owing to the separation of very fine needles, 
the yield of which amounted to 93 per cent. of the theoretical ; after 
being recrystallised from absolute alcohol, they melted at 67—68° 
(uncorr.), without decomposition, and afforded the following results 
on analysis. 


0°2579 gave 0°1401 BaSQy. S = 7°47. 
Cx4HyN,SO requires S = 7°41 per cent. 


Stearylorthotolylthiocarbamide is insoluble in water, very freely 
soluble in boiling alcohol, sparingly in cold, freely in chloroform, 
ether, benzene, and warm light petroleum. Its alcoholic solution 
gives no colour with ferric chloride, but is blackened at once, on 
the addition of ammoniacal silver nitrate; the substance is also 
readily desulphurised by boiling with alkaline solution of lead. 

Stearylorthotolylurea.—By desulphurisation with silver nitrate, a 
practically quantitative yield of the above symmetrical urea was 
obtained ; the crude product had a slightly brownish colour, which it 
still retained after recrystallisation from spirit; it melted at 
94—95° (uncorr.). 


0'2448 gave 148 c.c. moist nitrogen at 19° and 762mm. N = 6°96. 
C.»sHyN,O0, requires N = 6°75 per cent. 


It is easily soluble in hot alcohol, sparingly in cold, insoluble in 
water. 
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ab-Stearylmetaxylylthiocarbamide, C,;H;;;CO-NH°CS-NH-C,H;(CH;). 


Prepared under the same conditions as the preceding thiocarb- 
amide; similar phenomena were observed, and the weight of solid 
product amounted to 92 per cent. of that theoretically obtainable. 
By recrystallisation from absolute alcohol, and treatment with 
animal charcoal, a dark purplish coloration was easily removed, 
and the solution, as it cooled, deposited fine, lustrous, white needles, 
becoming moist at 70°, and melting at 71—72° (uncorr.). A sulphur 
determination gave the following result. 


0°2592 gave 0°1385 BaSOQ,. S = 7°34. 
CxH NSO requires S = 7°18 per cent. 


The compound is insvluble in water, freely soluble in chloroform, 
benzene, hot alcohol and ether, moderately in cold, and easily in boil- 
ing light petroleam, but rather sparingly in cold ; it crystallises very 
well from the last named solvent. 

Desulphurisation.—This was carried out as usual, and a clear, dark 
red solution obtained, which, on cooling, deposited nearly 77 per cent. 
of the theoretical yield of ab-stearylmetazylylurea, in microscopic 
needles, melting, without decomposition, at 92—93° (uncorr.). 


0'205 gave 11°6 c.c. moist nitrogen at 19° and 773 mm. N = 6°62. 
C.,;HyN.O, requires N = 6°52 per cent. 


ab-Stearyl-x-naphthylthiocarbamide, C,;H33*CO-N H-CS-NH-C,oH;. 


Obtained as before, using a-naphthylamine ; the product, already 
practically pure, when recrystallised from absolute alcohol, formed 
microscopic, white needles melting at 80—81° (uncorr.). 


0°2578 gave 0°1266 BaSO,. S = 6°75. 
C»HyN,SO requires S = 6°84 per cent. 


The compound is insoluble in water, moderately soluble in hot, and 
sparingly in cold, alcohol; with other solvents, and with silver or 
lead salts, it behaves like the metaxylyl analogue. 

Desulphurisation.—A greyish solid was obtained, melting at 114— 
115° (uncorr,), and this melting point was not raised by recrystallisa- 
tion from alcohol. The very fine needles are insoluble in water, rather 
sparingly soluble in boiling alcohol, almost insoluble in cold, and 
consist, as shown by the result of analysis, of the expected stearyl- 
a-naphthylurea. 


0'2046 gave 11:2 c.c. moist nitrogen at 20° and 773 mm. N = 6°40. 
C.H NO, requires N = 6°21 per cent. 
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n-Stearyl-v-phenylbenzylthiourea, 
C,,;H35"CO-N:C (SH)-N(C,H;)-C H2°C,H;. 


Stearylthiocarbimide and alcoholic benzylaniline were mixed ; heat 
was at once evolved, and a clear, yellowish solution obtained, which, 
after standing for less than a day, solidified; the yield was very 
satisfactory—over 95.per cent. of the theoretical. By recrystallisa- 
tion from boiling absolute alcohol, extremely fine needles were 
obtained, free from colour, and melting at 66—66°5° (uncorr.) to a 
clear, yellow liquid. 

The composition was checked by a sulphur determination. 


0'2581 gave 0119 BaSOQ,. S = 6:33. 
Cx2HgN.SO requires S = 6°30 per cent. 


The compound is insoluble in water, freely soluble in boiling 
alcohol, rather sparingly in cold. Its hot alcoholic solution, on the 
addition of ammoniacal nitrate of silver, gives a white precipitate, 
which darkens very slightly on boiling; it is not perceptibly desul- 
phurised by heating with alkaline lead tartrate. 


a- Stearyl-b-phenylbenzylurea, Cy;Hs;;CO-NH:CO-N(C,H;)-C H.°C,H:. 


Desulphurisation was carried out by means of caustic alkali and 
silver nitrate, as already described under the corresponding palmity] 
compound; the product, after recrystallisation from spirit and further 
treatment with animal charcoal, was obtained in pure white needles, 
becoming highly electrical on friction, and melting at 74—75° 
(uncorr.) to a slightly turbid liquid. 


0°2152 gave 11 c.c. moist nitrogen at 19° and 756 mm. N = 5°84. 
Cs,HyN2O, requires N = 5°70 per cent. 


In relation to solvents, it resembles the thiourea. 


In addition to the experiments above mentioned, stearylthiocarb- 
imide was brought into contact with (1) alcoholic ammonia, (2) 
piperidine, (3) phenylhydrazine, and (4) benzylamine. With the 
first, as usual, much decomposition occurred, though only the calcu- 
lated quantity of ammonia was used, the chief products being thio- 
cyanic -acid and stearamide ; (2) and (8) gave poor yields, and the 
products could not be obtained in a pure condition; (4) gave a poor 
yield of a solid, which, after two recrystallisations from alcohol, 
occurred in brilliant, pearly plates, becoming slightly moist at 91°, 
and melting at 94—95°; it contained no sulphur, and, when burnt 
for carbon and hydrogen, gave figures agreeing nearly with those 
required for stearylbenzidide, C,,H,,CO-NH:CH,-C,H;. Two attempts 
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to obtain pure stearylphenylthiocarbamide were also unsuccessful, 
owing, apparently, to contamination of the product with stearic acid. 


AppENDUM.—Benzoylthiocarbimide and Diethylamine. 


Miquel has placed on record (Ann. Chim. Phys., 1877, [5], 11, 316) 
the failure of repeated attempts to combine oxygenated thiocarb- 
imides with secondary and tertiary amines; as an instance, he men- 
tions that benzoylthiocarbimide, even when heated at 200° with 
diphenylamine or diethylamine, remains unaltered; but no further 
details are given. 

The selection of diphenylamine for experiment was unfortunate, 
this compound being exceptionally difficult to unite with the thio- 
carbimides; in fact, the only product of such combination, so far as I 
know, is a triphenylthiourea, obtained in very small quantity by 
Gebhardt (Ber, 1884, 1'7, 2092) on heating phenylthiocarbimide for 
several days at 280° with the secondary base. In a similar experi- 
ment, made several years ago by myself, using ethylthiocarbimide, 
and heating under pressure for two hours at 160°, slight decomposi- 
tion occurred, with formation of sticky bye-products, but no additive 
compound was obtained. 

But as regards secondary bases, which are non-, or only partially, 
benzenoid in character, union with acidic thiocarbimides takes place, 
as a rule, quite as readily as where primary are employed ; the above- 
mentioned failure in the case of diethylamine was, consequently, 
rather puzzling ; and it seemed, therefore, desirable to make another 
attempt to ascertain whether combination between these two sub- 
stances cannot be brought about. 

Instead of employing the somewhat laborious method described by 
Miquel for preparing the necessary benzoylthiocarbimide, a solution 
of it was made from benzoic chloride (7 grams) and lead thiocyanate 
by boiling them together in dry benzene, using a reflux condenser; 
in about 10 minutes the action was complete, and, on filtering off the 
insoluble lead compounds, a clear, brown liquid was obtained, to 
which a trifle over the calculated quantity of diethylamine, in abso- 
lute alcohol, was added. Marked evolution of heat at once occurred, 
which was checked by external cooling with water, and the resultant 
clear solution, on concentration, deposited yellowish crystals amount- 
ing to about 90 per cent. of the quantity theoretically obtainable from 
the weight of materials employed. By washing with benzene, the 
colour was removed; the residue, when recrystallised from boiling 
alcohol, formed long, pure white, brilliant prisms melting at 100—101° 
(corr.), and giving the following result on analysis. 


(2056 gave 0°206 BaSO,. S = 13°77. 
C.H;-CO-N:C(SH)-N(C.H;), requires S = 13°57 per cent. 
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Benzoyldiethylthiourea is sparingly soluble in boiling water, 
practically insoluble in cold; almost indefinitely soluble in boiling 
ethylic or methylic alcohol, moderately in the cold, very freely in 
chloroform and acetone, less so in ether and benzene. It dissolves 
easily in cold dilute caustic alkali; but if to this solution a lead salt 
be added, and the mixture boiled, no desulphurisation occurs. 
Ammoniacal nitrate of silver produces in the alcoholic solution a 
white precipitate dissolving on heating and appearing again on cool- 
ing; if a few drops of caustic alkali be added to the clear, heated 
solution, silver sulphide is at once formed. Ferric chloride, added to 
the solution in weak spirit, yields a purplish, amorphous precipitate ; 
this dissolves on the addition of hydrochloric acid, but reappears on 
cautious treatment with alkali; if excess of the latter be used, the 
colour is destroyed and ferric hydroxide is formed. 

In carrying out the work described in the present communication, 
I have received much assistance from Mr. R. E. Doran, to whom I 
wish to express my thanks. 


Chemical Department, 
Queen’s College, Cork. 


CVII.—The Carbohydrates of Barley Straw. 
By C. F. Cross, E. J. Bevan, and Ctaup Sirs. 


In a previous communication (this Journal, 69, 804), we showed 
that the furfuroid constituents of the cereal celluloses, by a simple 
process of acid hydrolysis, can be sharply separated from a presum- 
ably normal hexose complex which is left as an insoluble residue, 
that is, a resistant cellulose. The furfuroids in the solution had 
the characteristics of fully resolved groups (monoses), and their 
quantitative reactions were expressed by the formula, 


C.H.0.<0>CH, 


representing a pentose monoformal. 

The aim of these investigations, which so far was realised by the 
above results, was to extend the scope of the inquiry from empirical 
numbers to constitutional problems; that is, from furfural as an 
empirical and aggregate measure of a group of carbohydrates, to the 
actual constitution of those members of the group, for which, in the 
meamime, we employ the designation of “ furfuroids.”’ 

In the seasons 1894-95, using the methods then available, we 
endeavoured to show the relation between the furfuroid constituents 
of these plants and the general assimilation and conditions of 
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growth. The conclusions we arrived at are recorded in previous 
papers (Ber., 27, [1], 1061; 28, 2604, and J. Amer. Chem. Soc., 17, 
286; 18, 8), and appear rather in a negative form, since we were 
met at this stage of the inquiry by the assumption then prevalent, 
that the furfural-yielding carbohydrates are exclusively pentoses, and 
that they are not formed as direct products of assimilation or elabo- 
ration, but from hexoses previously assimilated, the process, regarded 
molecularly, being one of oxidation of the terminal CH,OH group 
(De Chalmot, Ber., 27, 2722), and its elimination as carbonic an- 
hydride, or as a CO derivative. 

Without again discussing these conclusions, we may take advan- 
tage of the confirmatory evidence which has since accumulated to 
express them in a simpler and more positive form. It appears, in 
fact, that the furfuroids of the cereals are elaborated as such, that 
is, that they are originally built up into tissue with the special con- 
stitution or configuration brought into evidence by the characteristic 
manner in which they afford farfural, the circumstance from which 
they take their group-name. 

We may distinguish here, as a parenthesis, between “ Assimila- 
tion” and “Elaboration.”* Assimilation is the initial process of 
building up complex carbon compounds, for example, carbohydrates 
from carbon dioxide, whilst elaboration is the working up of pre- 
viously assimilated matter into organised forms or living structures. 

No doubt, these processes are concurrent in the living cell, cellu- 
losic tissues being built up directly from assimilated carbohydrates, 
which have never existed outside the cell in a condition of lower 
molecular weight; on the other hand, the plant-cell works up into 
its permanent tissue, carbohydrate material which has been assimi- 
lated and stored in other forms, such as starch or sugars. The 
operations, therefore, are to be regarded as distinct, even when con- 
current and apparently simultaneous. 

This parenthesis is necessary to show that we disclaim the state- 
meut that the furfuroids are assimiiated as such. It is possible that 
it may be the case, but familiar as we are with the molecular 
mobility of the simple carbohydrates, we think it equally probable that 
a dextrose or fructose molecule undergoes an internal rearrangement 
in the process of elaboration to tissue material in which it then per- 
sists as a “ furfuroid.” 

That this is the case is a general conclusion to which all our obser- 
vations converge. 

To emphasise this we have recalculated our numbers for furfural 


* This distinction has, perhaps, little significance to the physiologist, as in the 
process of “ constructive metabolism” the supply of carbohydrate material is taken 
for granted. 
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estimations—the measure of the furfuroids—on the basis of the 
carbohydrates alone. In our scheme of examination of the barley 
crops of 1895, we included, in addition to furfural estimations, deter- 
minations of ash and albuminoids; subtracting the sum of these 
from the total dry matter, and calculating the furfural percentages on 
the residue, we have a direct measure of the proportion of furfuroids 
to carbohydrates in the plant at successive stages. The two sets 
of numbers are subjoined in parallel colamns representing the pro- 
portion of furfural, (A) to the whole plant, (B) to the total carbohy- 


drates of the plant. 
A. B. 


A 


Date. Age of Crop. Plot 1. Plot6. Plotl. Ploté. 
May 15 6 weeks 6°6 58 103 100 
June 18 ae 8:0 76 9°6 9°8 
July 16 BP sie 12:1 10°6 13°6 12°0 
Aug. 16 BD ws 92 98 108 11:3 
Sept. 3 ae 105 10°2 116 114 


The increases in the figures under (A) disappear to a large 
extent under (B) ; in other words, the plant elaborates its tissue in 
an approximately constant ratio of furfuroids [Furfural x 2] to 
total carbohydrates, namely, 1: 4. 

It is clear also that the essential constitution of these compounds 
is preserved throughout the life of the tissue, although they may be 
subject to secondary changes of a minor order which will be subse- 
quently dealt with. 

In reference to the small variations in the numbers, it must be 
remembered that the plant is a complex of structural elements, which 
vary in relative proportion with itsdevelopment, Thus, lignification, 
with an increasing proportion of lignocelluloses, is a prominent feature 
of its growth. In a previous paper (J. Amer. Chem. Soc., 1896, 18,8), 
we have given a scheme of proximate analysis of the plant in respect 
of its main constituents, but as furfuroids are present in large pro- 
portion in all of them, it is impossible to differentiate in respect of 
this factor. For the cereal stems, therefore, we must be satisfied 
with an aggregate and approximate demonstration of the constant 
chemical characteristics of these tissue constituents. . 

In dealing with a simple tissue, such as can be mechanically 
separated and examined after isolation, the same point may be, and, 
in fact, has been, much more satisfactorily demonstrated. In con- 
junction with our friend, Mr. A. Pears, we made in 1892-3 similar 
observations on the bast tissue (lignocellulose) of the jute plant, and 
showed that this much more complex compound is constant in 
composition throughout the life of the plant. [Pears, Trans., 63, 
964 ; 65, 470; see also J. Imperial Inst., 1895, 398. ] 
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That we find it necessary to insist on this point is due to the fact 
that the chemical history of the “ permanent tissue” of plants is a 
comparatively neglected subject, and in reducing it to system it is 
of fundamental importance to distinguish between the constant and 
the variable features of composition; between the primary con- 
stituents of tissues and the products of secondary change. Thus, 
the lignocelluloses are primary products; they are not celluloses 
previously elaborated, on which encrusting substances (lignin) have 
been deposited as a result of secondary actions. The furfuroid 
celluloses are not mixtures of a hexose complex, originally elaborated 
as such, with furfaral yielding groups (pentoses) produced from the 
former by secondary oxidation. These characteristic features of 
composition are present from the first appearance of the tissue. 

In reference to the latter group, which is the main subject of our 
present inquiry, we have already indicated that the furfuroids of the 
cereal straws are subject to secondary constitutional changes of a 
minor order, of which we are able to give some account from the 
results of investigations of the growing crops (barley) of the past 
season. 

In investigating the furfuroids isolated from the cereal celluloses, 
the following are the methods which chiefly contributed to determine 
their constitutional featares : 


(a) Copper oxide reduction (Fehling’s solution). * 

(b) Osazones: analysis and melting point. 

(c) Reaction with hydrogen peroxide at 80°, and estimation of the 
carbonic anhydride evolved. 

(d) Yeast fermentation and estimations of furfural and “ sugar” 
before and after fermentation, showing the extent to which 
the furfuroid is broken down, that is, fermented. 


The application of these methods to the products isolated from the 
barley plant at successive stages of growth by the process of acid 
hydrolysis constituted our scheme of investigation of the 1896 crop. 
The numbers we have obtained give unmistakable evidence of a 
progressive constitutional change of the furfuroids. 

A complete series was carried out on Plot 6 (barley) of the Royal 
Agricultural Society’s experimental station at Woburn, this plot 
representing maximum yields of straw and grain; the plants from 
Plot 1 (minimum yield) were also investigated in the later periods. 
The numbers of both are recorded in the subjoined table, which only 
requires a brief explanation. The green plants were under investi- 
gation within 24 hours of cutting; they were exhausted with 
boiling alcohol, and the well dried residue treated in a digester 
with five times its weight of 1 per cent. sulphuric acid at 3 atmos. 
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steam pressure for 15 minutes. The determinations recorded in the 
table were carried out on the acid extract; in the fermentation ex- 
periments, this solution, previously neutralised with chalk and 
filtered, was employed, using washed yeast. 

The results, taken together, have a very decided significance when 
compared with the numbers obtained with a fully matured straw and 
with straw cellulose, which are included in the table for comparison, 
and this notwithstanding the extracts from the plants in the earlier 
stages of growth are complicated mixtures. 

That the extraction of the furfuroids was satisfactorily complete, 
was established by estimations of furfural in the residues. The pro- 
portion of residue was from 45—55 per cent. of the original, yielding 
furfural amounting to 0°9 to 1°4 per cent. calculated on the original 
weight. This extraction is not selective, as it is in the case of the 
matured straw, for the furfuroids in solution are accompanied by 
other constituents, and amount to only 33 to 50 per cent. of the 
whole extract. Whilst this fact lessens the value of the observations 
taken individually, we are able none the less to draw the following 
definite conclusions respecting the condition of the furfuroid con- 
stituents of the plant when extracted. 

(a) Up to the flowering period, the furfnuroids are in such a con- 
dition as to be capable of being completely broken down by yeast 
fermentation; but, with increasing age, a constitutional change 
ensues attended by a progressive resistance to the action of the yeast 
organism. 

(b) In the early stages—in fact, until the period of ripening of 
the grain—the failure to react with hydrogen peroxide indicates the 
absence of a second CO group in the (assumed) C, unit, that is, the 
absence of the constitutional features which correspond with a pen- 
tose-formal. 

(c) The osazones show a characteristic fall in melting point, such 
as would correspond with the change from the condition of a hexose 
to that of a pentose, or a pentose derivative. 

As stated before, we regard these changes as of a minor or secon- 
dary order; they are not such as to affect the specific character of 
the carbohydrate; that is, the property of directly yielding furfaral. 
This, no doubt, depends on a C; residue of special configuration which 
persists, while the sixth C group may be subject to structural 
changes. 

These conclusions are in accordance with our anticipation that 
the plant furfuroids will be found to represent a hexose-pentose series 
of which the intermediate terms can be recognised in mature cereal 
straws; the probable intermediate forms, that is, those existing in 
the condition of complex colloids or celluloses, are, of course, 
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numerous; but when reduced to the simplest terms, that of a monose, 
the only stable compound would be the one formulated generally as a 
pentose-formal. 

The formation of a pentose-monoformal from a hexose is most 
simply explained, if we regard it as produced by the oxidation of the 
terminal C atom of the hexose to formaldehyde by internal re- 
arrangement, -CH(OH)-CH,°OH becoming -CH,,OH + HCOH, the 
formaldehyde and pentose residues remaining united by condensation. 
This is a species of fermentation change which cannot be regarded 
as an improbable occurrence in the plant; the evidence which we 
have now adduced strengthens the hypothesis that it does occur. It 
may be objected that this hypothesis involves the assumption of a 
hexose directly converted to furfural by the condensing action of 
acids; this, however, is not exactly the case. We have no criterion 
of configuration, and very little of constitution, in the amorphous 
and complex colloid forms of the carbohydrates. It is not improb- 
able that the mode of aggregation of hexoses to complex anhydrides 
may have an influenee on their hydrolysis by dilute acid, or con- 
densation by stronger acids. Without, however, labouring the argu- 
ment, it is more consistent, with the evidence before us, to regard 
these tissue furfuroids as consisting of hexose groups which readily 
pass into pentose derivatives and, ultimately, into pentoses, by a 
series of internal changes, the latter occurring spontaneously in the 
life of the plant, or being determinable by the action of condensing 
acids. The alternative view that they are pentoses is inconsistent 
with the evidence fully set out in previous papers, and now 
strengthened by the observations contained in the present paper, 
namely, that the furfuroids in the early stages of growth are, when 
hydrolysed, completely fermented by yeast, yield osazones of high 
melting point, and change progressively with age in their reactions, 
developing the property of being decomposed by hydrogen peroxide 
with formation of carbonic anhydride; these changes, moreover, 
are most marked at the critical periods of the life history of the 
plant, that is, at flowering, and at the period of the ripening of the 
grain. 


CVIII.— The Reduction of Nitrososulphates. 
By Epwarp Divers, M.D., F.R.S., and Tamemasa Haca, D.Sc. 
(Japan), F.C.S. 


In 1885 (J. Chem. Soc., 47, 203), we studied the action of sodium 
amajgam on a solution of potassium nitrososulphate, and found that 
it produced sodium hyponitrite and sulphite, besides nitrous oxide, 
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hydroxylamine, and ammonia. In 1894, Duden (Ber., 2'7, 3498) ex- 
amined this action, and found that hydrazine was produced in small 
quantity. This interesting result has caused us to re-examine the 
subject with the object of ascertaining whether what we judged to be 
hydroxylamine might not have been hydrazine; for, at the time of 
our former work, hydrazine had not been discovered, and it would 
have given the reactions we relied on as evidence of the presence of 
hydroxylamine. We felt it desirable also to ascertain whether hydr- 
oxylamine or hydrazine was the strongly reducing substance which, in 
very small proportion, accompanied the hyponitrite formed from a 
nitrite by the action of sodium. The results of our investigation 
have not only cleared up these two points, but have shown that, 
besides hyponitrite and nitrous oxide, sulphite, hydrazine, and 
ammonia, both sulphate and amidosulphonate are also produced in 
large quantities. Before treating of these results, we desire to give 
some details which may be found useful in the preparation of potas- 
sium nitrososulphate. 

Preparation of Potassium Nitrososulphate——It is a mistake to sup- 
pose that nitric oxide unites but slowly with potassium sulphite ; it 
is only the insolubility of nitric oxide in water that retards this 
union, as the use of suitably shaped vessels shows. We have arranged 
four flattened, conical bottles in series by means of corks and tubes ; 
the diameter of the flat bottom of each bottle being, on the inside, 
19°5 cm., and the height, to the commencement of the neck, 3 cm. 
only. With 100 c.c. of solution in each, the depth of the liquid is 
only 3—4 mm., whilst the free surface is nearly 300 sq. cm., so that 
the four bottles give a surface of 1200 eq. cm. to 400 c.c. of solution ; 
this is further increased by the circumstance that the salt, as it 
forms, grows up in small heaps above the level of the liquid. A con- 
centrated solution, containing 4() per cent. potassium sulphite and 
5 per cent. of potassium hydroxide, will give 70 grams of crystals or 
more in three hours. In cold or temperate seasons, external cooling is 
of little use; motion of the bottles, beyond an occasional tilting, is 
also uncalled for. It is, of course, necessary to replace the air at the 
beginning, and the nitric oxide at the end, by hydrogen; but the pro- 
duction of a little oximidosulphonate or nitrite is of little moment, 
since these remain in solution. The salt, when drained on tiles, is 
pure enough for most purposes, but, for special work like the present, 
it can be purified and obtained in good erystals by dissolving it 
quickly at 50—60° in 4—5 times its weight of water containing 1—1°5 
per cent. of potassium hydroxide, but this involves considerable loss. 

Reduction by Sodium Amalgam.—The amount of water present 
with the salt seems to be without effect on the course of the re- 
duction; the extremes we have used have been from 3 to 10 parts of 
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water to 1 part of salt, one per cent. of its weight of sodium hydr- 
oxide being added to the water at starting as a precaution. When 
much less than 10 parts of alkaline water are taken, some of the salt 
remains undissolved during the earlier stages, and less than 3 parts 
of water are insufficient. The amalgam we used was one contain- 
ing about 2°5 per cent. sodium. The reduction goes on rapidly at the 
ordinary temperature, and much heat is developed, whilst if the nitro- 
sosulphate solution is cooled below 0°, the amalgam acts on it only 
when it first comes in contact with it; perhaps it would not, even 
then, if it itself were first cooled down. At this low temperature, 
action is arrested for any period, but, soon after the vessel is removed 
from the water bath, action begins, and, once started, is not easily 
checked by returning the vessel to the bath, as the solution is kept 
warm by the heat developed by the action. A moderate rise of tem- 
perature to 40°, for instance, does not seem to lessen the production 
of either hydrazine or hyponitrite. The sodium requisite to reduce 
the nitrososulphate is, as nearly as could he estimated, 3Na: K,N,SO,; 
but to destroy all the hydrazine much more is required (we used 
2Na additional for this purpose). After the main change is com- 
plete, the interaction between the amalgam and solution is very slow, 
the solution remaining cold, and hydrogen making its appearance, 
along with much ammonia. The contact of the amalgam with the 
solution has been maintained, in our experiments, for 24 hours, and 
for two days, but, with continuous shaking during the second stage, 
much less time would have sufficed. We used a stoppered vessel, the 
loose stopper acting effectively as a valve in keeping air out. 

Hydroxylamine, a Product of the Reduction of a Nitrite by Sodium 
Amalgam.—As the testing for small quantities of hydroxylamine, 
alone or in presence of hydrazine, possesses some novelty, it is well 
to describe the positive result in the case of sodium nitrite before 
the negative one with potassium nitrososulphate is alluded to. The 
process we adopted consisted in shaking the solution with acetone, 
distilling with steam to get over the acetoxime, and evaporating the 
distillate with hydrochloric acid, in order to recover the hydroxy]- 
amine as its hydrochloride. Concerning the formation of acetoxime, 
we found that when the acetone was left in contact with the solution 
made neutral to litmus, so as to have the hydroxylamine free, but no 
alkali present, the action was very slow and unsatisfactory, but that 
it was quickly completed when the potassium hydroxide was present 
in some excess. The strongly alkaline solution was distilled with 
the ‘‘ superheated ” steam. Having proved the absence of hydrazine 
in the product of the action of sodium amalgam on a solution of 
sodium nitrite, we were able, in the above way, to get crystals of 
hydroxylamine hydrochloride from it. 
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Hydroxylamine not a Product of the Reduction of Nitrososulphate 
by Sodium.—After removing hydrazine from the solution of reduced 
nitrososulphate by means of benzaldehyde and ether, and evaporating 
the residual ether, we tested the solution for hydroxylamine by the 
acetone method, and failed to find any. Moreover, after the removal 
of the hydrazine the solution no longer had any reducing power on 
cupric oxide. 

Hydrazine.—Hydrazine is quickly formed from nitrososulphate by 
the action of sodium amalgam, and is then slowly decomposed by it, 
but so long as any nitrososulphate remains, the action of the sodium is 
diverted from the hydrazine. 

Ammonia can hardly be ranked as a product of the reduction of 
nitrososuiphate, being the result of the hydrogenisation of the 
hydrazine. During the reduction proper, it is almost entirely absent, 
but makes its appearance in quantity when the sodium is able to act 
on the water and liberate hydrogen. 

Hyponitrite—The hyponitrite produced by the reduction of the 
nitrososulphate is unstable, and continuously decomposes in the 
alkaline solution, with evolution of gas. After treating the nitroso- 
sulphate with sodium for 24 hours only, the solution was mixed 
with excess of barium nitrate, and filtered from the precipitate pro- 
duced. Silver nitrate and some nitric acid added to the filtrate 
gave first a little reduced silver, and then precipitated silver hypo- 
nitrite equivalent to almost one-fifth of the total nitrogen of the 
nitrososulphate. 

Nitrous Oxide and Nitrogen.—No estimate of the nitrous oxide has 
been attempted, but it is formed in large quantity. It appears to be 
generated along with amidosulphonic acid, as well as with hyponitrite. 
Nitrogen probably accompanies it, since hydrazine is produced. 

Sulphate.—There being so much sulphite produced, we expected 
difficulty in determining whether sulphate was a direct product of 
the reduction of the nitrososulphate, or only the result of incidental 
oxidation of sulphite by the air; we experienced none, however. 
When the water present is not more than 3 parts to 1 of nitroso- 
sulphate, anhydrous sodium sulphate is deposited before the solution 
has been removed from the amalgam, and comes in contact with air. 
We have in this way got 4 grams of anhydrous sodium sulphate 
(containing only a very little sulphite) from 40 grams of potassium 
nitrososulphate; but little sulphate then remained in solution, as 
the barium precipitate obtained from it largely dissolved in hydro- 
chloric acid. It should be remembered that salts are only sparingly 
soluble in concentrated solutions of alkali. It would seem safe to 
say that, on reduction, one-seventh of the total sulphur appears as 
sulphate. The quantitative determination of the sulphate produced 
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in this way is not only interfered with by the presence of sul- 
phite, but by that of much amidosulphonate, for the latter greatly 
retards, even if it does not prevent, precipitation of barium sulphate 
and sulphite, unless excess of barium nitrate is used and the solu- 
tion is largely diluted. In the cold, barium nitrate, in bare excess, 
precipitates 43 per cent. of the sulphur as (very impure) sulphate 
and sulphite, the estimation being based on the quantity of barium 
nitrate used, and not on that of the precipitate. When the sulphur 
dioxide is rapidly removed from the acidified solution by a current 
of air, the precipitate, obtained on adding a very slight excess of 
barium nitrate, shows by its weight, after purification, that 12°5 per 
cent. of the sulphur is precipitated as sulphate. But whether the 
sulphur dioxide has been expelled or not, and whether the solution 
is alkaline, neutral, or acid, if it is mixed with excess of barium 
nitrate and allowed to stand, much more sulphate is obtained ; 
and after removing the amidosulphonic acid by mercuric nitrate, 
still more barium sulphate is slowly deposited. The sulphate pre- 
cipitated later is not formed by the hydrolysis of some compound in 
solution, for that would be accompanied with acidification, whereas 
the neutral solution, after it has deposited the sulphate, remains 
neutral. The difficulties due to the presence of amidosulphonate, as 
well as sulphite, are, doubtless, not insuperable, and although, for the 
present, we are not prepared with a closely approximate determina- 
tion of the quantity of sulphate present, we can assert that the 
amount produced lies between the limits of 12 and 20 per cent. of 
the total sulphur, an important fact enough. 

Sulphite—The sulphite formed in the reduction of the nitroso- 
sulphate, estimated iodometrically, is equal to 31 per cent. of the sul- 
phur. The actual determination presented no difficulty, but as the 
previous neutralisation with dilute sulphuric acid and the other 
unavoidable slight exposure to air in preparing the solution, 
must have reduced the quantity of sulphite, it would be unjusti- 
fiable refinement to assert that more than about one-third of the 
sulphur becomes sulphite. As hydrazine acts slowly on iodine 
solution, the sulphite solution used for the determination was 
freed from it by prolonged treatment with the amalgam. According 
to the first note by one of us to the Royal Society, on the “ Formation 
of Salts of Nitrous Oxide,” the presence of hyponitrite should have 
interfered, but, thanks to Thum’s valuable contribution (1894) to 
the knowledge of hyponitrous acid, in which it is correctly pointed 
out that hyponitrous acid does not act on iodine (evidence to the 
contrary having been due to the presence of acid silver hyponitrite 
in the crude solution), we had learned that it was without influence. 
In titrating, the sulphite solution was poured at once into the iodine 
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solution, and the excess of iodine estimated by sodium thiosulphate. 
One other point about the sulphite is that, after the sulphate and 
sulphite have been precipitated from the alkaline solution by barium 
nitrate barely in excess, the clear solution, after more barium nitrate 
had been added to it, continued for a day or two to deposit barium 
sulphite, as well as the sulphate already mentioned. 

Amidosulphonate.—The sulphur which is not precipitated by the 
barium nitrate remains in solution as amidosulphonate. The pre- 
cipitate contains some amidosulphonate, although the barium salt 
of this acid is soluble in water; it can be extracted, however, 
from the precipitate by washing it with water. Having added a 
small excess of barium nitrate, and filtered off the precipitate after 
two or three days’ standing, the mother liquor, slightly acidified 
with nitric acid, is poured into a moderate excess of mercuric nitrate 
solution, in order to precipitate the amidosulphonate as the oxy- 
mercuric salt (see ‘‘ Amidosulphonic acid,” p. 1649); this is collected, 
washed, and decomposed by hydrogen sulphide. The mercuric sul- 
phide requires much washing in order to extract all the amido- 
sulphonic acid from it. The filtrate and washings when evaporated 
to dryness in a desiccator leave the acid in an impure form, but it 
can be purified without much loss by washing it with dilute sulphuric 
acid (see p. 1640). Another way of examinirg the mercury precipi- 
tate is to boil it with hydrochloric acid and potassium chlorate, or 
to hydrolyse it at 150°, and then precipitate the sulphate by barium 
chloride. By working in these ways, we have ascertained the amount 
of amidosulphonic acid to be equal to nearly half the sulphur of the 
nitrososulphate. 

Collection and Analysis of Results.—Not less than essentially three 
independent equations have to be employed to express the results of 
the interaction of sodium amalgam with potassium nitrososulphate. 
For convenience, we write these equations as four, namely,— 


3[2K,N,SO, + 8Na + 7H,O = 2H,NSO,K + N,O + 2KOH 
+ 8NaOH]. 
4(K,N,SO, + 2Na = (NaON), + K,S0,]. 
K,N,SO; + 2Na + H.O = K,SO, + N, + 2NaOH 
fueees + 6Na + 5H,0 = K,SO, + (NH), + aneok | 


If these reactions do occur, and in the proportions indicated by 
the numbers prefixed to them, the products will correspond in their 
proportions to those found, namely : amidgsulphonate equal to half 
the sulphur and one-fourth of the nitrogen ; one-third of the nitrogen 
as hyponitrite (three-fifths of this were secured as hyponitrate before 
further decomposition) ; one-third of the sulphur as sulphite; and 
one-sixth of the salphur as sulphate ; together with one-sixth of the 
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nitrogen, partly as hydrazine, partly as elemental nitrogen; and 
one-fourth of the nitrogen as nitrous oxide (besides that from the 
hyponitrite reaction), these being as yet unmeasured. Further, the 
above reactions, in the proportions marke, represent one molecule 
of the nitrososulphate as being acted on by sodium in the mean propor- 
tion of 3 to 34 atoms, according to the relative quantities of hydra- 
zine and nitrogen produced, a result which agrees well with 
observation. 

Theoretical Considerations.—The cause of the variety and number 
of the products obtained in the reduction of a nitrososulphate by 
sodium is undoubtedly to be found in the different points at which 
fission of the molecule of the salt must so easily occur, as shown by 
the formula we have deduced for it. Under the action of sodium, the 
salt shows the same disposition to give both sulphite and sulphate 
that it does when heated and when moistened; hitherto, it has been 
possible to say of the latter changes that, supposing the salt to bea 
sulphonate, it might give a sulphate by an oxidising process, bat the 
present observation of the generation of much sulphate by the action 
of sodium, in strongly alkaline solution, affords another proof of the 
impossibility of regarding a nitrososulphate as a sulphonic compound. 
For sodium to produce a sulphate out of a sulphite seems incredible. 
Nevertheless, Duden, having adopted for potassium nitrososulphate 
the constitution given it by Raschig, has not hesitated to derive a 
sulphate from it by the action of sodium, in an equation framed to 
express the formation of hydrazine. Raschig’s formula is 

OK 
ON-N<g 0,K’ 

and is one well suited to explain the decomposition of the salt into 
sulphate and nitrons oxide,—too well suited, indeed, for it is 
hardly conceivable how, with such a constitution, a nitrososulphate 
could exist at all and, if existing, could ever give back sulpbite 
when heated. If we are to believe that sodium amalgam would act on 
a salt of this constitution in such a way as to produce a sulphate, we 
must ignore what we know to be true of every other sulphonate. 
Duden detaches the OK as potassium hydroxide and then, armed 
with this alkali, puts its hydrogen in the place of the SO;K, and gets 
sulphate out of this and the KO. But not a single instance can be 
found of an organic sulphonate in reaction with potassium hydroxide 
yielding a sulphate instead of a sulphite. So also with the sulphonated 
hydroxylamines, both of which decompose in concentrated potassium 
hydroxide solution, for they, too, give potassium sulphite. When 
Duden obtained hydrazine from a nitrososulphate, he furnished 
another proof that the salt is not a sulphonate. 

There is a fact which we have not yet brought forward in support 
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of the non-sulphonic constitution of nitrososulphates, which we may 
now give account of in this connection. It is that sodium amalgam, 
as such, is withont action on a true aminesulphonate or hydroxyl- 
aminesulphonate ; we have, indeed, just been showing in this paper 
that amidosulphonic acid is producible by the action of sodium; 
it and imidosulphonate (no doubt, also nitrilosulphonate) are 
entirely unaffected by sodium. Oxyamidosulphonic acid, in alkaline 
solution, is also untouched by it and, in acid or neutral solution, is 
merely reduced to amidosulphonic acid (see p. 1636). Hantzsch 
and Semple (Ber., 1895, 28, 2745) have stated that Schatzmann 
found Fremy’s potassium sulphazilate to be reducible by sodium, 
but only back to the oximidosulphonate from which it is pre- 
pared by oxidation; as a sulphonate, it is not affected. Since, 
then, all aminesulphonates, oxygenated or otherwise, resist, as sul- 
phonates, the action of sodium amalgam, while a nitrososulphate 
at once yields to it, the latter is not of the same class, that is, is not a 
sulphonate. 

A similar objection to nitrososulphates being regarded as sul- 
phonic compounds has been raised by Lachmann and Thiele 
(Annalen, 1895, 288, 267). It is that, whereas all undoubted 
sulphonic derivatives of ammonia, when mixed with nitric and sulph- 
uric acids in the cold (see Divers and Haga, Trans., 1892, 61, 963), 
give pure nitrous oxide, and sometimes even a little nitramide itself, 
potassium nitrososulphate does not. 

We come now to the formation of amidosulphonate, which is 
essentially that of the reduction of a sulphate to the corresponding 
sulphite, a thing hitherto unknown to occur in alkaline solution. 
But we have here to do with a sulphate of the group -N,OK, and it 
would seem that, just as EtSO,;K and AgSO,K do not oxidise to 
sulphate, whereas KSO;K does, because it has the oxidisable potas- 
sium atom, whilst they have a non-oxidisable atom, that is ethyl or 
silver; so, conversely, nitrososulphate is reducible to a virtual sulphite, 
because it is the sulphate of a hydrogenisable radicle, whereas 
other sulphates have radicles (metal, alkyl, or ammonium) which 
cannot be hydrogenised. If it stood alone, the conversion of nitroso- 
sulphate into amidosulphonate would point to a sulphonic constitution 
for it, but other reactions make the acceptance of this impossible, 
unless, indeed, it could be a half sulphonic, half sulphatic salt, which 
also seems impossible. Were it of sulphonic constitution, it ought 
to yield, by reduction, a hydrazinesulphonate, but none of this can be 
found. -When, after reduction, the solution is acidified and all the 
sulphur dioxide blown ont of it, it yields up all its hydrazine to 
benzaldehyde and retains no discoverable hydrazine derivative. 

The formation of hydrazine presents a difficulty, whatever con- 
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stitution is given to the nitrososulphates, in that it requires the reduc- 
tion of the KON group. That this radicle can resist the attack of 
sodium amalgam is shown by the formation of the hyponitrite from 
a nitrite and from a nitrososulphate; besides, Dunstan and Dymond 
(Trans., 1887, 51, 657) specialiy tested the matter, and found a hypo- 
nitrite to be irreducible by sodium amalgam. Two ways out of the 
difficulty present themselves. It may be admitted that the group 
KON, detached when the sodium forms alkali sulphate, is reducible 
to hydrazine and potassium hydroxide, although (KON), is not. Or, 
considering that a nitrososulphate reverts, when heated, to sulphite 
and nitric oxide, even in its strongly alkaline solution, as we have 
shown (1895) in the case of the sodium salt, we may assume that to 
a slight extent this reversion occurs during the heating caused by the 
action of the sodium amalgam, and gives nitric oxide, or rather 
dinitrosy], (NO),, ready to be reduced by the sodium and water to 
hydrazine. In studying the action of alcohol on nitrososulphates, we 
have already had occasion to recognise this possibility of slight rever- 
sion occurring at the ordinary temperatures, in order to account for 
the production of a little aldehyde. 


It was shown by us (Trans., 1895, 67, 1098) that potassium nitroso- 
sulphate decomposes more slowly when dissolved in aqueous alcohol 
than in water, and that from the salt and the alcohol there are formed 
potassium hydroxide and potassium ethyl sulphate, besides nitrous 
oxide and a very little aldehyde. In a cold saturated solution of the 
salt in 23 per cent. spirit, about 14 per cent. of the salt, it was then 
stated, interacted with the alcohol in this way, the rest decomposing 
into potassium sulphate and nitrous oxide as usual. Another experi- 
ment, in which 14 per cent. spirit was used, seemed to indicate that 
weaker spirit was more effective than stronger in forming alkali and 
ethyl sulphate, but the experiment was quantitatively incomplete. 
We have since ascertained the effect of using 15, 5, and 2°5 per 
cent. spirit, estimating in each case, as before, the extent to which 
the alcohol had been active by titrating the potassium hydroxide. 
With the 15 per cent. spirit, 10°8 per cent. of the salt interacted 
with the alcohol; with 5 per cent. spirit, only 48 per cent.; and 
with 2°5 per cent., less than 1 per cent. of the salt. Evidently, there- 
fore, water lessens the power of the alcohol to form potassium ethyl 
sulphate. 


Luxmoore (Trans., 1895, 6'7, 1021) has opportunely shown that a 
thermometer with its bulb embedded in potassium nitrososulphate 
subjected to heat marks from 127° to 148°, according to circumstances, 
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as the temperature at which the salt explodes; this observation 
agrees with Pélouze’s statement that it does so at about 130°, which 
was the only part of bis description we had failed to adequately justify. 
We had ascertained that the medium (air, oil) surrounding the salt 
needed to be only from 91° to 108°, according to cireumstances, to 
bring about the explosion, and it has now been established by Lux- 
moore that then the temperature of the salt rises of itself to about 
130° before it explodes. 

By the above observation, Luxmoore has cleared away a difficulty 
in Pélouze’s description of the nitrososulphates, but he has raised 
another without in our judgment having reason for so doing. 
Because he has found the salt to lose 2°5 per cent. in five minutes 
when at a temperature a little below 105°, he considers it impossible 
to explain how Pélouze could have found that it did not lose weight 
at all. But the rate of loss varies greatly. In another of his experi- 
ments, it was little more than half as fast as the rate just quoted, while 
our observation had shown that the loss need be only 10 per cent. in 
21 hours, and this seems to explain how Pélouze might have failed to 
notice sufficient loss to be deemed worth recording. We have merely 
to assume that he exposed his salt to heat for a short time only, and 
in a very dry atmosphere, and that he attributed the slight loss that 
even then must have occurred to the presence of a little moisture 
in his salt as prepared. No doubt the salt loses weight rapidly when 
heated in ordinary dampair; underthose circumstances, it does so slowly 
even at the ordinary temperature, whilst the sodium salt loses weight 
rapidly. But in a well dried atmosphere, either of air or hydrogen, such 
as was used in our experiments, the well dried, powdered salt loses 
weight much more slowly, so that it becomes probable that, with abso- 
lute dryness of salt and atmosphere, there would be no loss atall. It 
is surely on account of dampness of the salt that the rate of loss is 
most rapid at first, as Luxmoore rightly observed, and we must 
therefore also assume that Pélouze worked on a well desiccated salt. 


In concluding this paper, we would call attention to the compara- 
tively small part which Sir Humphry Davy had in the discovery of 
the nitrososulphates ; so small indeed is it that we must demur to the 
habit which prevails of naming him as their discoverer, for it is an 
injustice to the memory of Pélouze. In the year 1800, thirty-five years 
before Pélouze published his work on these salts, Davy made known 
that apparently a combination of nitrous acid with potash was obtain- 
able by subjecting a mixture of potassium hydroxide and sulphite in 
the solid state to the prolonged action of nitric oxide, dissolving the 
product in water, crystallising out potassium sulphate, and evapo- 
rating the mother liquor to dryness. The residue was a mass which, 
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when heated, yielded about a fourth of its weight of pure nitrous 
oxide. There can b2 no doubt that he had obtained potassium nitroso- 
sulphate, but there can be no doubt also that he did not know it, that 
he did not isolate the salt, and that he thought the product to be 
potassium hyponitrite, formed from nascent nitrous oxide, the nitric 
oxide having been deoxidised by the sulphite. It was, no doubt, 
Davy’s observation that led Pélouze to investigate the nature of 
the action, and consequently to the discovery of the nitrososulph- 
ates; but that is all that Davy had to do with the matter. 


Imperial University, 
Tokyo, Japan. 


CIX.—Imidosulphonates. Part II. 


By Epwarp Divers, M.D., F.R.S., and Tamemasa Haaa, 
D.Sc. (Japan), ¥.C.8. 


THIs communication to the Society is supplementary to that which 
appeared in 1892 (Trans., 61, 943). It contains an account of some 
imidosulphonates not there described, and a collation of our results 
with those obtained by Berglund, called for by the existence of some 
radical differences between them. It was this chemist, now deceased, 
who first made known the existence of imidosulphonates, although 
several of them had been already obtained and described by others, 
under various names and formule. His important memoir on these 
salts was published in Swedish, but summaries of it by Cléve and by 
himself, respectively, appeared in the journals of the French and 
German Chemical Societies. References to all are given in our first 
paper. In English, also, a good summary was first published by 
Watts in the 2nd Supplement of his Dictionary ; this had escaped our 
notice, and, up to the time of publishing our first paper, we had only 
-seen the account in the Berichte, and an appreciative notice of the 
Swedish paper in Raschig’s paper on “ Fremy’s Sulphazotised Sults.” 
But, soon after that, Dr. Raschig spontaneously sent us, with the 
greatest kindness, his own copies of Berglund’s Swedish papers on 
“‘Tmidosulphonic acid ’’ and ‘“ Amidosulphonic acid.” A perusal of 
these led us to resume work on the subject, with the intention only 
of examining into the differences between his results and ours, but 
we went further afield, and prepared a few new salts, because they 
promised to be of interest. 

For convenience of reference, we follow in this paper the order of 
description observed in the former paper, and reproduce, as briefly 
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as possible, matters of interest in Berglund’s paper in Swedish, not 
to be found in chemical literature outside it. A full list of the salts 
prepared by him is given by Watts (op. cit.). 

Berglund’s first source of imidosulphonates was ammonia and 
chlorosulphonic acid, but afterwards he prepared them from potas- 
sium nitrite and sulphite, following Fremy, with modifications, which 
do not call for notice here. 


Alkali Imidosulphonates. 


Ammonium Imidosulphonates.—Berglund. failed to get normal am- 
monium imidosulphonate, the statement in Watts’ Dictionary that 
he did being erroneous. He believed Rose’s “ vitreous sulphat- 
ammon” to be this salt, but we find that, both before and after its 
crystallisation from water, it is the two-thirds normal imidosulphon- 
ate, and that Rose’s “ flocculent sulphatammon,” not. noticed by 
Berglund, is anhydrous normal ammonium imidosulphonate. To 
Woronin is due the accurate distinction between the two salts. 

The mother liquor of the crystals of the two-thirds normal ammo- 
nium imidosulphonate (“‘ parasulphatammon’’) gave Rose, on evapo- 
ration, his so-called ‘‘ deliquescent salt;” this, Berglund, judging 
from his later paper on ‘‘ Amidosulphonic acid,” considered to have 
been a mixture of amidosulphonate and the two-thirds normal 
imidosulphonate with ammonium acid sulphate. 

Sodium Imidusulphonates.—That, contrary to Fremy’s experience, 
sodium nitrite can be sulphonated as easily as potassium nitrite, was 
ascertained independently by Raschig and by us abont the same 
time ; later, we prepared the normal and two-thirds normal sodium 
salis, as well as some compound salts. Berglund, however, had pre- 
pared the normal sodium salt (and also the mercury sodium salt) 
from ammonium imidosulphonate by boiling it with sodium hydroxide 
till all ammonia had been expelled; he found it more satisfactory, 
however, to precipitate the two-thirds normal potassium salt by 
adding potassium chloride to the ammonium salt, and to boil the 
product with a solution of sodium hydroxide and chloride; on cool- 
ing, the normal sodium salt was deposited. His description of this 
salt, so far as it goes, agrees with ours. The crystalline salt, which 
he sometimes got in place of the ordinary normal sodium salt, and 
which he believed to be that salt in the anhydrous state, we take to 
have been a double salt of normal sodium imidosulphonate and 
potassium chloride. 

He did not obtain the two-thirds normal sodium imidosulphonate, 
or its compounds with ammonium nitrate and with potassium 
nitrate, or sodium ammonium imidosulphonate. 

VOL. LXIX, 5 R 
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Barium Imidosulphonates. 


Berglund’s account of normal barium imidosulphonate agrees with 
ours; he was really the first to prepare this salt, and did himself an 
injustice in crediting Woronin and Jacquelain with its previous pre- 
paration. Woronin never analysed his preparation, which was almost 
certainly a double salt, and, although Jacquelain did carefully analyse 
his, the result shows it to have been a barium ammonium salt. 
Berglund found that the normal barium salt gave up its 5H,0 almost 
entirely at 100°; we maintain the accuracy of our statement that it 
loses water only very slowly, even at 115° (see further on this point. 
our account of the strontium salt). Barium imidosulphonate is 
soluble in a solution of ammonium chloride. 

Two-thirds normal barium imidosulphonate was fully described by 
Berglund, his account agreeing with ours. 

Double salts of barium with the alkalis received peculiar treatment 
by Berglund. He did not formally recognise their existence, and 
relegated to footnotes observations which, he admitted, made their 
existence probable. He could not satisfactorily formulate the com- 
position he found them to have, and for him they remained as impure 
barium salt only. Our own work confirms his results, and mukes it 
possible to give formule to his preparations. First, there is 
Ba,,KsH(NS8,0,):,,11H,0, which he constantly obtained when he 
added normal potassium imidosulphonate to barium chloride. Had 
he thought of introducing the atom of hydrogen there is in the above 
formula, he would probably not have considered his analytical results 
as incapable of interpretation. A sodium salt, described by us, comes 
very near to this salt, being Ba,,Nag(NS.O.)0,13H,O ; for, if we sub- 
tract a molecule of the two-thirds normal barium salt, BaHNS,O,, 
from his formula and write Na for K, we get ours. Evidently, either 
salt is mainly BaK(or Na)NS,.O, with a little Ba,(NS,.0,).. By 
adding two-thirds normal potassium salt to ammonia and barium 
chloride, he got Ba,.K;(NH,).(NS,0¢),79H,O. Lastly, the salts 
Bae(NH,).H(NS,0,);,21H,O and Ba;(NH,)(NS,0,);,22H,0 ; all three 
having an obvious relation to the first. We have described a still 
more ammoniated salt, Ba;(NH,)(NS,0.).,8H,O. All these double 
salts of barium are granular and powdery, aud quite unlike the 
peculiarly soft, clinging, pure barium salt. 


Strontiwm Imidosulphonates. 


According to Berglund, normal strontium and normal calcium 
imidosulphonates are, in properties, water of crystallisation, and con- 
ditions of formation, as like each other as two salts can be, but unlike 
the normal barium salt. This account of the normal salts puzzled 
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us, but when we found his description of the properties and method 
of preparation ef the valciam salt applied perfectly, so far as it goes, 
to a salt described by us in our first paper, which we had found to be 
calcium sodium imidosulphonate, we Jost all confidence as to the 
accuracy of his account. We therefore studied the strontium salts 
for ourselves, having omitted to do so when preparing our first paper. 

Normal strontium irmmidosulphonate, according to Berglund, gradu- 
ally separates in acicular prisms when a solution of strontium 
chloride, moderately concentrated, is mixed with one of either normal 
sodium imidosulphonate or of diammonium imidosulphonate to which 
ummonia has been added. Its composition is expressed by the 
formula Sr3(NS,0¢)2,6H,0, ana it loses only two-thirds of its water, 
even at 130—140°. 

In preparing it, it is unnecessai y, he said, to take any care tu have 
the strontium chloride i: excess, although it is very important to keep 
the barium chloride in excess when preparing the normal barium 
imidosulphonate. 

Normal strontium imidosulphonate, according to our experience, 
cannot be obtained by mixing together strontium chloride and 
normal sodium imidosulphonate, strontium sodium imidosulphonate 
being formed in this way; the normal salt, however, can be obtained 
from this in the same way as the normal barium salt is prepared 
from a barium potassium or barium sodium salt, namely, by dissoly- 
ing it in dilute hydrochloric acid and pouring the solution at once 
into a slight excess of a warm, concentrated solution of strontium 
hydroxide, repeating the operation twice, or until all the sodium has 
been removed. So long as the reprecipitated salt contains sodium, 
it is a hard, granular precipitate, but, when it is free from sodium, it 
separates in glistening, thin, scaly crystals, which felt together into 
soft, voluminous flocks, and these, dried on the tile, form coherent 
flakes, retaining. water in their interstices with great obstinacy, like 
the barium salt, to which it has, indeed, much resemblance. It is 
more soluble in water than the barium salt, and is actually soluble in 
hot water to a considerable extent. For analysis, we comminuted 
its flaky masses, and pressed the particles between filter paper till it 
seemed quite dry ; but, on exposure to air for days, such a prepara- 
tion continuously loses water, and much of it before the crystalline 
lustre sensibly diminishes. 

The freshly dried salt contains 12H,0, as the following numbers: 


show : 
Strontium. Sulphur. Water. 


Calculated....... 31°75 1551 26°13 
Found... -- 31°86 15°49 — 
Tested after 14 days’ exposure, the water amounted to only 7 mols,,. 
5 Rk 2 
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although efflorescence had only then just beeome apparent. The 
strontium was then 35°61 per cent., calculation for 7H,0 giving 
35°66 per cent. 

By decomposing the normal hydroxy-lead imidosulphonate with 
ammonium hydrogen carbonate, so as to obtain a weak solution of 
normal ammonium imidosulphonate, and then evaporating to a small 
volume, we obtained a concentrated solution of the two-thirds normal 
ammonium salt, the strength of which we determined by analysis. 
To it we added enough ammonia to make it a little more alkaline 
than the normal salt, and then mixed it with a slight excess of a con- 
centrated solution of strontium chloride and left it to stand. Only 
a very small quantity of precipitate formed, but, on adding excess of 
somewhat concentrated ammonia water, allowing the whole to evapo- 
rate nearly to dryness in a desiccator over anhydrous potassium 
carbonate, and then adding water, a white, opaque powder was left, 
which, on analysis, proved to be normal: strontium imidosulpho- 
nate, with a slight quantity of ammonia in addition. Our calculation 
is fcr a pure strontium salt with 5} mols. water. The salt may, 
however, be regarded as having only 5 mols. water. We determined 
the alkalinity of the salt, and this expressed as strontium, shows it to 
be more than a third of the total strontium. The excess of base may 
be regarded as consisting of ammonium, the presence of a little of 
which was established. 

Cale. Found. 
Strontium...... cecsese 837900 37°01 
Alkalinity, as strontium...... 12°33 12°66 
Sulphur -- 18°04 17-98 

When a solution of the normal strontium salt, with 12H,0, is 
boiled, a nearly insoluble sandy precipitate is formed; this is a 
slightly basic* strontium salt with about 5H,0. The calculation 
given is for normal strontium imidosulphonate with 5H,0. 

Cale. Found. 
Strontium...... 37°47 39°02 
WOcs 0 snnnecees negveds 18:27 18°36 


An opaque, powdery salt is also precipitated when the mixed 
solutions of strontium chloride and normal ammonium _imido- 
.sulphonate are boiled ; it contains a very little ammonia, and is, no 
-doubt, a slightly basic ammoniacal strontium salt. We have not 
quantitatively analysed it. 

We have not attempted to prepare the two-thirds normal strontium 


* We have got results indicating the existence of a hemihydroxy-salt, 
(HOSr);NS,0,, corresponding with the lead salt, but have not had time to establish 
the fact. 
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salt, although it could, no doubt, be easily got like the calcium salt 
(p. 1626). Berglund prepared a solution of it, but found the salt so 
soluble and so difficult to crystallise that he did not examine it. 

Strontium sodium imidosulphonate is obtained when solutions of 
normal sodium imidosulphonate and strontium chloride are mixed. 
Probably, the proportions matter little, but we have used 2 mols of 
the imidosulphonate to 3 mols. of the strontium salt in moderately 
concentrated solutions. When the salts are mixed, precipitation 
occurs, but the precipitate redissolves on shaking, and soon small 
prisms of the strontium sodium salt separate. The salt is sparingly 
soluble, and resembles the calcium sodium salt described in our first 
paper. Like that salt, too, it contains 3H,0, its formula being 
SrNaNS8,0,,3H,0. 

Found. 


Cale. lm A ~ 

Strontium .... 25°96 25°97 

Sodium = 6°69 
rer ‘ 18°89 — 


Berglund got granular precipitates of a strontium potassium salt 
soon after mixing normal potassium imidosulphonate solutions with 
strontium chloride solutions. Calculating from his results, we find 
the salt was represented by the formula Sr,,K,H(NS,0,)),13H,0, in 
close agreement with the composition of his barium potassium pre- 
cipitates, as calculated by us. 


Caleium Imidosulphonates. 


Berglund states that, on mixing solutions of normal sodium imido- 
sulphonate and of calcium chloride, he got the normal calcium salt, 
whereas we always got the calcium sodium salt described in our first 
paper. Berglund’s description and ours agree, and, as Berglund 
estimated the calcium from the weight of the residue left on ignition, 
the difference between this and the weight of the residue left by 
the sodium calcium salt would be within the limits of error of an 
ordinary analysis. Berglund’s salt is quite unlike the normal calcium 
salt which we now describe for the first time. 

Normal Calcium Imidosulphonate-—The true normal salt can be 
prepared by acting on the insoluble normal silver salt with its equi- 
valent of calcium chloride in solution, decanting from silver chloride, 
and evaporating the solution in a desiccator till the new salt crystal- 
lises out. It is only sparingly soluble in water when once separated 
from solution, and crystallises in rectangular prisms and tables, stable 
in the air, It is strongly alkaline to litmus. Its composition is 


expressed by Ca,(NS,O,).,8H,0. 
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Cale. _ _ Found. 
Caleinm,.....ceccccces --- 19°60 19°60 
Sulphar.....0-cccccses coe 20°92 21:06 


Berglund states that the normal calcium salt is also got from a 
mixed solution of ammonium imidosulphonate, s:mmonia, and calcium 
chloride. This mixture gave us no insoluble set. 

Two-thirds Normal Calcium Imidosulphonate.—This salt is obtained 
by decomposing normal silver imidcsulphonate by two-thirds of its 
equivalent of calcium chloride and one-third of its equivalent, or, for 
safety, just a very little less, of hydrochloric acid. The solotion, 
when evaporated in a desi:cator, becomes a raass of radiating prisms. 
Crushed and drained dry, the salt is permanent in the air, at least 
for some days. Its reaction is slightly acil to litmus. Its formula 


is CaHNS,0,,3H,0. 


Cule. Found. 
ee ae 14°87 14°70 


BOOMS .ccctx. «+ 000eseenn ae 23°59 
Caleium Sodium Imidcsulphonate, CaNaNS,0,,3H,0, is described in 
our first paper, and has been referred to nbove as being what we get 
by following Berglund’s directions for preparing his normal calcium 
salt. The inercury calcium salt will be foand described on page 1630. 


Lead Imidosulphonates. 

We have indicated the existence of aa unstable salt, PoHNS,O,, in 
solution, and Berglund has done the same. The crystalline, normal 
hydroxy-lead imidosulphonate, (HO)sPb,NS,0,, has also been de- 
scribed by both of us, and our accounts agree; his way of preparing 
it, however, was to add ammonia gradually to mixed solutions of 
diammonium imidosulphonate and lead acetate so long as the 
amorphous precipitate at first produced gives place to a crystalline 
one ; when the last formed emorphous precipitate no longer changes, 
acetic acid is added until this has just been converted into the crys- 
talline precipitate. 

The amorphous precipitate he found to be a basic lead imido- 
sulphonate of varying coinposition. We have shown in our first 
paper, however, that a basic salt can be uniformly obtained of the 
composition, (HOPb),NS,0,. 


Silver Imidosulphonates. 

Berglund has described only the normal silver salt. We have 
described this and two other crystalline, well characterised salts, 
Ag,NaNS,0O, and AgNa,NS,0,, the latter being obtained when silver 
nitrate is added to excess of normal sodium imidosulphonate. Accord- 
ing to Berglund, however, the precipitate in that case is richer in 
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silver than the normal salt. This is explicable when we consider that 
he worked with very dilute solutions, four, as we have pointed out, 
the salt, AgNa,NS,O,, is partly decomposed by much water into silver 
oxide and two-thirds normal sodium imidosulphonate, 


Mercury Imidosulphonates. 


Oxymercuric Hydroyen Imidosulphonate, HN(SO,;HgO).Hg (Divers 
and Haga) ; Normal Oxymercuric Imidosulphonate, Hg[N(SO;Hg),0]. 
(Berglund).—These basic mercuric imidosulphonates differ in that 
the proportion of sulphur to mercury in ours is S,: Hge, whilst in 
Berglund’s it is S,: Hgs. His salt was prepared from mercury potassium 
imidosulphonate and mercuric nitrate, and ours from normal sodium 
imidosulphonate and mercuric nitrate ; they ought, therefore, to have 
been the same. Berglund tried the use of normal potassium imido- 
sulphonate, and thus got a more basic product, but this he attributed 
to the presence of mercuric oxide or basic nitrate in the precipitate. 
As Berglund was strongly impressed by the tendency of mercury to 
displace the imidic hydrogen, whilst we were similarly struck with the 
fact that whenever sulphuryl occurs in combination with oxylic 
mercury in a precipitated salt, that mercury functions as the bivalent 
radicle, -HgOHgOHg-, it will be seen that Berglund’s ratio of 
sulphur to mercury accords with his preconception, and not with ours, 
and that our ratio accords with our preconception, and not with his. 

To make sure that we had not been mistaken, we made further 
experiments ; but, before describing these, we have two adverse com- 
ments to make on Berglund’s experiments. 

One is as to the precipitation of mercuric oxide or basic nitrate 
inferred by him. However prepared, our product has always been 
one of the whitest of precipitates, only assuming a faint buff tint 
when kept for some time at 100° or higher, in the dry state. The 
presence of very little oxide of basic nitrate should have shown itself 
by a yellowish tinge. No precipitate that we have tested either of the 
present salt, of the oxymercuric sodium salt (first paper, p. 983), of 
the mercurous salt (this paper, p. 1630), or of the mercurosic salts 
(this paper, p. 1632), has ever shown the presence of nitric acid in it. 
Moreover, Berglund’s supposition that mercuric oxide or basic nitrate 
might be precipitated is not probable, when it is considered that the 
mother liquor of the precipitating salt is much more strongly acid 
than the solution of mercuric nitrate used. 

The other matter is the unlikelihood of mercury taking or retaining 
the imidic relation in a salt precipitating from such very acid mother 
liquors ; for, as we have shown in our first paper, dilute nitric acid 
replaces such merenry by hydrogen. Directly the attempt is made 
to lessen the quantity of nitric acid sufficiently to permit of mercury 
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taking the imidic relation, sodiam or potassium also enters the salt, 
displacing half the oxylic mercury. For we then find that we pass 


abruptly from HN(SO;HgO),Hg to He<nisoND,” 


Experiment I.—To excess of very dilute mercuric nitrate (neces- 
sarily acid) was added a very dilute solution (1 in 50) of mercury 
sodium imidosulphonate. The crystalloidal precipitate, washed by 
decantation with much water, was dried on a tile; both the salt and 
the mother liquor were free from sulphate. Composition: Mercury, 
73°70 per cent.; sulphur, 7°98 per cent. ; sodium, 0-08 per cent. 

Experiment I1.—Mercuric nitrate solution, 250 c.c., prepared from 
6 grams of mercuric oxide dissolved in 1}th equivalent of nitric acid, 
250 c.c. of a solution containing 4 grams of mercury sodinm imido- 
sulphonate; the voluminous, crystalline precipitate formed on mixing 
these solutions, after being washed once with dilute nitric acid, and 
then repeatedly with water, was drained dry on a tile; it weighed 
63 grams, or four-fifths of the caleulated quantity. It was free 
from sulphate, as was also the mother liquor. Composition: Mer- 
cury, 73°44 per cent. ; sulphur, 7°94 per cent. ; sodium, 0°08 per cent. 

Experiment I1I.—Dissolved 2°8 grams of mercury potassium imido- 
sulphonate in 250 c.c. water, and added it to 3 grams of concentrated 
mercuric nitrate solution containing almost 1‘5 grams of mercury 
as nitrate. A crystalline precipitate formed at once; after a few 
moments’ active stirring, the precipitate was allowed to settle, and 
the bright mother liquor was decanted into another vessel containing 
4°5 grams more of the mercuric nitrate solation; a second precipi- 
tate was thus obtained. Both were washed by decantation, and 
drained on tiles. The first weighed 2 grams; the second, 1°5 grams ; 
by calculation, each would have weighed 2°9 grams, had none 
remained dissolved, according to the equations, 


1. HgN,(SO,),K, + 2Hg(NO,), + 2H,O = HN(SO,),H¢g,0, 
+ 2KNO, + 2HNO, + HN(SO,),K2; 
2, HN(SO;).K, + 3Hg(NO,), + 2H,0 = HN(SO,),Hg,0, 
+ 2KNO, + 4HNO,. 


The first precipitate contained mercury, 72°85 per cent.; sulphur, 
8:03 per cent.; potassium, 0°3 per cent. The second contained mer- 
cury, 72°61 per cent.; sulphur, 8°11 percent. ; potassium, 0°38 per cent. 
It will be seen that in no case is alkali metal absent, the quantity 
present being markedly greater in the case of potassium than in 
that of sodium, and that the potassiam is slightly higher if more nitric 
acid is present. This apparently strange result is due to the fact 
that nitric acid dissolves mercuric imidosulphonate, but has no action 
on the two-thirds normal potassium or sodium salts. 
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The results of the above experiments, together with those described 
in our first paper, can, we think, leave no doubt that the basic mer- 
curic salt has the composition HN(SO;HgQ).Hg, the percentage 
numbers for which are—mercury, 74°35; sulphur, 7°93; the potas- 
sium in the precipitates of Experiment III fully accounts for the 
slight deficiency of mercury in them. As already stated, it is 
probable that Berglund got his analytical results as a consequence 
of the presence of unobserved potassium. 

Mercury Ammonium Imidosulphonate—When the mercury calcium 
salt, described later (p. 1630), was decomposed with just enough am- 
monium hydrogen carbonate, a secondary decomposition set in after 
a very few minutes; that is to say, at first calcium carbonate was 
precipitated with effervescence due to escape of carbon dioxide ; 
but after stirring well, till the effervescence had subsided, the solu- 
tion began again to effervesce and deposit a basic mercuric calcium 
salt, possibly analogous to the sodium salt, and, therefore, 

N(SO;HgO).Hg 
He<Ni80,) Co — 
The precipitate proved to be a mixture of calcium carbonate and 
basic mercuric calcium imidosulphonate, roughly separable by dilute 
nitric acid ; whilst the mother liquor was a solution of normal and two- 
thirds normal ammonium imidosulphonate, with a very little mercury 
calcium imidosulphonate, or the equivalent of these salts. No ami- 
dated mercury salt was produced. 

Berglund also tried to make the mercury ammonium salt from the 
mercury barium salt and ammonium sulphate, but failed. The salt, 
therefore, appears to be incapable of continued existence. 

Mercury Potassium Imidosulphonate.—According to Berglund, dilute 
nitric acid has no action on this salt, but, as we have pointed out, 
it is converted into the insoluble two-thirds normal potassium salt. 
and mercuric nitrate. 

Mercury Sodium Imidosulphonate——This salt was described by us 
fully, under the belief that Berglund had not prepared it, in which 
we were mistakemw. We have agaiu prepared and examined the salt, 
and now find it contains 5 atoms of water, and not 6, which agrees with 
Berglund’s results. The formula is therefore HgN.(SO,),Na,,5H,O- 
We have also found now that the salt left in a vacuum over sulphuric 
acid for weeks loses all its water, and not merely two-thirds of it, as 
stated in our first paper. Berglund dried his salt at 100°. 

Oxymercuric Sodium Imidosulphonate.—Berglund had no know- 
ledge of such a salt as the basic mercury sodium salt, described in 
our first paper, or of a corresponding potassium salt. It is interest- 
ing, however, to find that on mixing normal mercury potassium 
imidosulphonate with silver nitrate even in excess, he was unable to 
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get the mercury silver salt, but only a mercury silver potassium salt. 


His formula for this salt, He <N SOR SFLO, is strictly analo- 


gous to ours for the basic mercury sodium salt, 


N(SO,;HgO).H 
Hg<NisO.Nne, °,3H.0 
(instead of 4H,O, formerly adopted by us). 

Mercury Calcium Imidosulphonate——Although Berglund obtained 
and described mercury barium, mercury strontium, and mercury 
magnesium imidosulphonates, he failed to get the corresponding 
calcium salt, on account of its being so soluble in water. We have 
prepared it by dissolving mercuric oxide in a warm solution of two- 
thirds normal calcium imidosulphonate, filtering, evaporating, crys- 
tallising, and, finally, recrystallising from water. It forms small, 
brilliant prisms. 


Mercury. Calcium. Sulphur. 
Calculated ....... 25°90 10°36 16°58 
Found .. 25°92 10°20 16°61 


A compound of this salt with mercuric chloride, which can be 
formulated as ClHg,(NS,0,Ca);,12H,0, and, therefore, be compared 
with apatite, was got in good, although small, crystals by treating 
oxymercuric hydrogen imidosulphonate with calcium chloride solu- 
tion in the proportion HNS,O,Hg,0,: CaCl,. The solution, filtered 
from the mercuric oxychloride, and evaporated in a desiccator, gave 
the salt in question. By dissolving this in water and precipitating 
by absolute alcohol, the mercuric chloride can, for the most part, be 
removed, but only with great loss of the imidosulphonate, as the 
latter also is soluble in alcohol. 


Mercury. Calcium. Sulphur. Chlorine. 

Calculated.... 30°92 9°28 14°84 2°74 

31°00 9°35 14°55 2°63 
Mercurous Imidosulphonate——No mercurous imidosulphonate has 
yet been described. There seems to be only one, a basic salt, having 
Hg’,: S., formed when two-thirds normal sodium imidosulphonate is 
added to mercurous nitrate in powder which has been stirred up with 
hot water until it has all passed into solution except a little of the 
soft, voluminous, basic nitrate, the latter being quite free from any 
yellow, granular particles. As the ‘nitric acid liberated dissolves 
some of the salt, a third, at least, of the imidosulphonate remains in 
solution; the normal sodium imidosulphonate would, therefore, be 
preferable to use, were its use not subject to a disturbing effect, 
to be noticed presently. The mercuric nitrate should be in some 
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excess, about one-fifth more than the calculated quantity. The equa- 
tion expressing the reaction is 


4(HgNO,), + H,0 + 2HN(SO,Na), = O[Hg.N(SO,)s]2 
+ 4NaNO, + 4HNO,. 


Of the sodium salt, 1:05 gram, dissolved in about 150 c.c. water, 
added, with stirring, gradually to 45 grams of mercurous nitrate 
in about 20 c.c. of water, gave a precipitate weighing 2°75 grams, and 
nitric acid in solution weighing 0°33 gram, the ratio of these weights 
being in accordance with the above equation. The precipitate was 
free from nitrate and sulphate, and the mother liquor contained no 
sulphuric acid. 

The new salt is flocculent and quite white, and, most probably, has 
the constitution expressed by the formula O[ Hg’,N(SO;),Hg’s ]2,6H,0. 


Mercury. Sulphur. 

6°18 

6:18 
It loses very little in weight at 100° or 120°, and part of that loss 
will be due to volatilisation of mercury, for the salt hecomes very 
grey; when more strongly heated, it becomes nearly black tem- 
porarily, and then white again. Then, or while still black, the 
altered salt gives some mercuric chloride as well as mercurous 
chloride when triturated with a solution of sodium chloride. At 
an incipient red heat, the whitened, altered salt fuses and effer- 
vesces, evolving nitrogen, but no sulphur dioxide. The black-red 
liquid consists mainly of the mercury sulphates. 

Mercurous imidosulphonate dissolves in dilute nitric acid much 
more readily than mercuric imidosulphonate does, and the addition 
of sodium chloride to the solution precipitates all the mercury. 
Triturated with sodium chloride solution, the salt becomes of a per- 
manent, dull, and somewhat greenish-orange colour, though quite free 
from the mercuric radicle ; and the sodium chloride solution becomes 
very alkaline to litmus, no doubt because of the formation of normal 
sodium imidosulphonate. Concentrated hydrochloric acid soon causes, 
even in the cold, the formation of some mercury and mercuric chloride 
and, cn heating, this change becomes complete.* Concentrated solu- 
tion of potassium iodide at once, in the cold, dissolves it, all but half 
its mercury left as metal. 

Normal sodium imidosulphonate converts it into mercury and the 
sparingly soluble mercuric sodium imidosulphonate, and this makes 
it undesirable to use the normal sodium salt for preparing the mer- 
curous salt. When it is used, a blue-grey cloud of mercury is 


* Owing to the production of amidosulphonic acid (see our paper on this acid). 
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formed, but by incessant and violent stirring for 10 minutes from the 
time of adding the normal sodium salt, not in excess, to the mer- 
curous nitrate (which may here be used in a very dilute nitric acid 
solution), the grey precipitate becomes almost completely white, and 
is then the mercurous imidosulphonate. Thus prepared, we have 
found it to contain 78°20 and 78°55, instead of 77°22 per cent. of 
mercury, but the right quantity of sulphur, namely, 6°20 (twice), 
theory requiring 6°18 per cent. 

Mercurosic Imidosulphonates—Berglund found that mercuric potas- 
sium imidosulphonate when added to a solution of mercurous nitrate 
deposited some oxymercuric imidosulphonate only after standing 
some time. He must therefore have used a solution of mercurous 
nitrate containing an unnecessary excess of nitric acid, for precipita- 
tion is immediate if but little nitric acid is present. 

The precipitate varies in composition with the proportions of the 
salts used, but still within well-marked limits. The variation is very 
great in the quantities of bivalent and univalent mercury, but very 
small indeed in the total quantities of mercary and of sulphur. The 
composition of the precipitates is such that they may be regarded 
as the oxymercnrous imidosulphonate just described, modified in 
having one-half to three-eighths of its mercurous radicles replaced 
by mercuric wr for it varies within the limits expressed by 
the formulz oc g/N(SO;).Hg's *,3H,0 and 

He 'N(SO;),Hg'.” ~~? 
Hg"N(SO,).Hg’, Hg"N(SO;).Hg". 
O< He’N(SO> He O<He! NSO Hg’ 2oH.0. 
They differ from the purely mercurous salt in having only half as much 
water of hydration, and they cannot be represented as mixtures of 
the known oxymercurous salt with the known oxymercuric salt. 
The compound 
O[ Hg" N(SO;).Hg".|.,3H,O (atomic ratios Hg”, : Hg’, : Ss) 
is obtained by adding mercuric sodium imidosulphonate, a salt 
neutral to litmus, to half its weight of normal mercurous nitrate, 
which makes 3Hg” be present for every 2Hg",, and leaves a neutral, 
or even alkaline, mother liquor. The mercurous nitrate is used in 
the form described in the preparation of oxymercurous imidosulpho- 
nate. After adding the mercuric sodium imidosulphonate to it, the 
mixture is well stirred to insure the completion of the action, and 
until the mother liquor has just lost its acidity. The precipitate 
s white, settles quickly, and can be freely washed; when dry, its 
colour is dull. It contains nearly all (43) of the mercury of the 
nitrate, but only + of the mercuric radicle, and even only 2? of the 
imidosulphonic radicle, its mother liquor being very rich in imido- 
sulphonate, and this gives assurance that there is no mercurous 
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nitrate in the precipitate. Neither precipitate nor mother liquor 
contains any sulphate. 
Cale. Found. 
Univalent mercury... 49°45 \ ; 50°76 \ He. 
Bivalent mercury.... 24°72 sui 23°23 ocinad 
Salphur ...ccccess+s 791 7°87 
Sodium ....ceccooes — 0°04 


In the analysis, the two mercury radicles were estimated by dis- 
solving the salt in dilute nitric acid, diluting the soluticn, precipita- 
ting mercurous chloride by dilute hydrochioric acid, and precipitating 
the mercury in the filtrate as sulphide. After the salt has been 
hydrolysed in a sealed tube by hydrochloric acid for sulphur estima- 
tion, the mercuric radicle is found increased in quantity at the 
expense of the mercurous radicle; the oxygen in the air sealed up 
in the tube having given rise to the increase of mercuric radicle, as 
shown by the lessened pressure (Hada, this vol., p. 1676). 

Hg"N(SO;).He'2 Hg'’N(SO;).Hg", 

The compound O< Ren tSO) He 0 SH NSO), He 6H:0 
(atomic ratios Hg"; : Hg’ : Ss) is obtained if the mercurous nitrate 
is in excess, about five parts being taken for every two parts of mer- 
curic sodium imidosulphonate, which provides 7Hg"', for every 2Hg”. 
The precipitate has much the same appearance as that obtained 
when the imidosulphonate is taken in excess, and contains nearly $ of 
the mercuric and imidosu]phonic radicles, but only a little more than 
+ of the mercury of the nitrate used. The mother liquor is accord- 
ingly comparatively rich in mercurous salt; it is also acid. Both the 
mother liquor and precipitate are free from sulphate, and the pre- 
cipitate from nitrate. The dry precipitate is dull white. 

Cale. Found. 
Univalent mercury .. odin wa. 62°11 \ ms 
Bivalent mercury ... 10°48 _— 11°46 oan 


Sulphur....... ie eaial 7°22 7°20 
Sodium......... moe — 0°01 


It will now be seen how remarkably the percentages of sulphur 
and of total mercury approach each other in the two precipitates, 
widely as the ratio of the two mercury radicles varies. We append 
the results of analyses of two other preparations; they support the 
conclusions drawn from the above extremes. 
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A. ‘ua B. 
Univalent mercury... 59°90 } r9."O% | 2. 
Bivalent mercury.... 12°88 ‘aie ert 
Sulphur.........-.. 7°04 7°56 


Imperial University, 
Tokyo, Japan. 


CX.—Amidosulphonic acid. 
By Evwarpv Divers, M.D., F.R.S., and Tamemasa Haga, 
D.Sc. (Japan), ¥F.C.S. 


AMIDOSULPHONIC acid, erroneously supposed to be known nearly 40 
years ago, was not actually discovered and prepared until 1876, by 
Berglund, and has only attracted the attention of chemists to any 
extent since 1887, when Raschig made known an easy way of pre- 
paring it by a new process. 

The contents of this paper comprise a summary, not elsewhere 
found, of the work of others; new ways of forming the acid; a study 
of the interaction of oxyamidosulphonic acid and sodium amalgam, 
and of the same acid and sulphur dioxide; improvements in known 
methods of preparing amidosulphonic acid; a very productive and 
economical method of preparing it; some of its properties hitherto 
undescribed ; some new salts of it ; remarkable points in the behaviour 
of its silver and mercury salts; and an investigation of the decom- 
position of the acid by heat. 

Our colleagues, Professors Sakurai, Loew, and Takahashi, have 
helped us in adding to what was known of the acid, the first-named 
by investigating its molecular conductivity, the other two its physio- 
logical action. Both these investigations have a special interest, and 
form the subjects of separate communications following this. 

Name of the Acid.—Berglund accepted sulphamic acid, then in use, 
as an alternative name for the acid he had discovered, but employed 
that of amidosulphonic acid. This name, the use of which is now 
general, is analogically incorrect, and needs to be changed into either 
aminesulphonic acid. or amidosulphuric acid. Similarly, imidosul- 
phonic acid and nitrilosulphonic acid should be altered to aminc- 


* This preparation was found to be damp when analysed. 

+ The numbers obtained for univalent and bivalent mercury in this case, namely, 
51°98 and 21°48 per cent., are in accordance with the others, but as they were 
determined in the salt after it had been hydrolysed, they are not trustworthy, and 
therefore withheld from tle table. 
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disulphonic and aminetrisulphonic acids, or to imidosulphuric and 
nitrilosulphuric acids. But it seems of little moment to make the 
change so long as ethylsulphonic acid remains in use in place of 
ethanesulphonic acid, and ethylsulphuric acid is misapplied to ethyl 
hydrogen sulphate. Sulphamic acid must remain in the background 
until such time as sulphimic acid becomes acceptable for imidosalph- 
uric acid, and some analogous name has suggested itself as suitable 
for nitrilosulphuric acid. 


Formation of the Acid. 


1. Sulphur trioxide and ammonia, if the latter is kept in large 
excess, sometimes yield, according to Berglund, a very little ammo- 
nium amidosulphonate along with the imidosulphonate which is the 
chief product. He gives no details of his method of testing for it, 
and, before he states that he had occasionally found it in very small 
quantity, he guardedly says that probably it can be formed in this 
way. The difficulty presents itself that, even at 135°, ammonium 
amidosulphonate begins to change into imidosulphonate, whilst the 
temperature caused by the union of sulphur trioxide and ammonia is 
much higher than that, and Berglund mentions that he did nothing 
to keep down the temperature. But, although the amidosulphonate- 
does begin to change at so low a temperature as 135°, a little of it can 
remain unchanged at temperatures not very far below 300°. So 
that, on the whole, when it is considered that it was Berglund who 
first recognised that the product of the interaction of sulphur trioxide 
and ammonia is not amidosulphonate but imidosulphonate, it seems 
wise to accept as well founded his assertion that occasionally amido- 
sulphonate is also formed in very small quantity. 

2. Ammonium imidosulphonate readily hydrolyses into the amido- 
sulphonate (Berglund, 1876). The imidosulphonate is obtainable 
from chlorosulphonic acid, from pyrosulphuryl chloride, and from 
sulphuryl chloride (after the action of water), as well as from sulphur 
trioxide and ammonia. 

3. Sulphamide, which is a product of the interaction of sulphuryl 

chloride and ammonia (Regnault, W. Traube), is decomposed by 
alkalis into amidosulphonate and ammonia (Traube, 1893). 
' 4, By acting on acetonitrile with fuming sulphuric acid, a deriva- 
tive of amidosulphonic acid, namely, acetyl acetamidinesulphonic 
acid, is obtained, and this hydrolyses, with extreme readiness, into 
diacetamide and amidosulphonic acid (Eitner, 1892). 

In the above four cases, amidosulphonic acid comes out as a sulph- 
uric derivative; in those which follow it comes from sulphur dioxide. 
In the first of them imidosulphonates appear again. 

5. Nitrites, fully sulphonated by sulphur dioxide, become nitrilo- 
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sulphonates, which very easily hydrolyse into imidosulphonates, and 
these, again, can be hydrolysed into amidosulphonates (Bergiund, 
1876). The hydrolysis of potassium imidosulphonate was studied by 
Fremy and by Claus and Koch long before Berglund, but without 
amidosulphonic acid being discovered by them. Its production was 
overlooked, no doubt, through the great solubility of its potassium 
salt, and through its being liable to be destroyed by further hydro- 
lysis. 

6. Oxyamidosulphonic acid is produced by the hydrolysis of 
oximidosulphonic acid, which is formed by the sulphonation of a 
nitrite, and, by reducing this acid with sodium amalgam, sodium 
amidosulphonate is obtained (Berglund, 1876). Berglund’s work was 
admittedly incomplete; he did not isolate the acid, and he did not 
state the conditions for success. Oxyamidosulphonic acid is not 
attacked by sodium amalgam, except in acid solution, and we have 
proved that it is then changed into amidosulphonic acid, having 
obtained crystals of the latter in this way. Zine and sulphuric acid, 
or the Gladstone-Tribe copper-zine couple, may also be used with 
perfect success for the reduction. Another, but indirect, way of 
effecting the conversion is given lower down (10). 

7. Potassium nitrososulphate, which is prepared from potassium 
sulphite and nitric oxide, and is not a sulphonate, also yields amido- 
sulphonic acid among the products formed when it is reduced by 
sodium amalgam (see p. 1615). 

8. The simplest and most direct of all the processes for preparing 
amidosulphonic acid is the sulphonation of hydroxylamine, which 
may be effected by allowing sulphur dioxide to act long enough on a 
solution of one of its salts (Raschig, 1887). 

9. Acetoxime also yields amidosulphonic acid, when treated with 
aqueous sulphur dioxide (M. Schmidt, 1891). Sodium metasulphite 
acts on the oxime to form a hydrolysable compound (v. Pechmann, 
1887), dimethylmethyleneimidosulphonic acid (a monosulphonic, and, 
therefore, an amidosulphonic, not imidosulphonic, derivative), and 
this, on hydrolysis, yields acetone and amidosulphonic acid (Krafft, 
Bourgeois, and Dambmann, 1892). 

10. The reduction of oxyamidosulphonic acid by sodium and by 
zinc has already been treated of (6), but this acid can also be con- 
verted by sulphur dioxide into imidosulphonic acid, from which 
amidosulphonic acid may be obtained by hydrolysis. That this 
would be the case was recognised by Raschig, but he did not attempt 
to effect the change. We find that when a solution of potassium 
oxyamidosulphonate mixed with a molecule of potassium hydrogen 
carbonate is submitted to the action of sulphur dioxide, as in sul- 
phonating potassium nitrite, it is converted, apparently completely, 
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into the sparingly soluble, two-thirds normal potassium imidosul- 
phonate. The conditions resemble those of the sulphonation of 
hydroxylamine, for the change is not immediate, but requires hours 
for completion at the common temperature, whilst at or near 0° it 
seems not to take place at all. 

Methylic sulphate and ammonia do not form methylic amidosulphon- 
ate, as they were long supposed to do, but primary, secondary, and 
tertiary methylammonium sulphates and ammonium sulphate (Berg- 
jund, 1876). Ammonia acts, therefore, on an alkylic sulphate, as 
Berglund pointed out, in the same way as it does on an alkylic 
nitrate (Carey Lea, 1860). Although the nature of the interaction 
of ammonia and methylic sulphate was discovered and worked out in 
detail by Berglund, his name is not even mentioned in connection 
with the subject in chemical literature, as represented by Beilstein’s 
Handbuch and Morley and Muir’s Dictionary. The whole credit of the 
discovery is given to Claesson and Lundvall, and it is remarkable that, 
although these chemists dated their paper from Lund, in 1880, only 
four years after Berglund’s memoir on amidosulphonic acid had 
appeared in that university town, they make no reference to it. In 
all points, so far as methylic sulphate and ammonia are concerned, 
Claesson and Lundvall had been anticipated by their countryman, 
except that they improved on Berglund’s process of dissolving the 
alkylic salt in ether and passing gaseous ammonia into the solution, by 
first saturating the ether with ammonia and then adding the sulphate 
gradually, and, in this way, reduced to a minimum the production of 
the secondary and tertiary ammonium salts. The only chemists who 
worked on the action of ammonia on methylic sulphate before 
Berglund were Dumas and Peligot, in 1836, and they only observed 
that the two substances interact violently, when an aqueous solution 
of ammonia is added to the undiluted methylic sulphate, and, with- 
out giving quantitative analyses of the products, represented them to. 
be methylic alcohol and methylic amidosulphonate (“ sulphomethy]- 
ane’). Strecker, in 1850, had, indeed, found that ethyl sulphate and 
ammonia combine, giving what he called ammonium sulphethamate ; 
and it used, therefore, to be supposed that the action of ammonia on 
that sulphate was quite different from what it was on methylic . 
sulphate. Strecker, however, did observe that his complex salt gave . 
ethylamine when heated, although, from this weighty fact, he deduced 
nothing. 


Preparation of the Acid. 


Amidosulphonic acid may be advantageously prepared in two ways,. 
one being based upon the sulphonation of hydroxylamine, and the 
other upon the hydrolysis of imidosulphonic acid. Although both 
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hydroxylamine and imidosulphonic acid are obtainable in several ways, 
the best for both of them is the sulphonation of sodium nitrite, and 
hydrolysis of the suitable sulphonate. It is, therefore, from sodiam 
nitrite that amidosulphonic acid will, on economical grounds, be pre- 
pared in either case. The production of the acid through imido- 
sulphonic acid is much more profitable as regards time, labour, and 
yield, than its production through hydroxylamine; but at present it 
must be taken into consideration that hydroxylamine hydrochloride 
is at hand in most laboratories, and that if we take this as the starting 
point, it is easier to prepare the acid from it than to begin with 
sodium nitrite. ‘This renders the hydroxylamine method the most 
convenient, pending the time when amidosulphonic acid itself 
becomes purchasable. 

Preparation from Hydroxylamine Sulphate.—Raschig’s account of 
this process, using the hydrochloride, is brief, and as follows. ‘‘Saturate 
an aqueous solution of hydroxylamine hydrochloride with sulphur 
dioxide, allow it to stand some time, and then evaporate until a 
pellicle of crystals forms. A large quantity of the acid crystallises 
out by cooling, and the mother liquor yields a little more, but mixed 
with ammonium sulphate.” Krafft and Bourgeois (1892) used the 
solution of hydroxylamine hydrochloride very concentrated, saturated 
it with sulphur dioxide to begin with, and, for a day or two, supplied 
inore as needed. In this way they got fully three-sevenths of the 
«aleulated quantity of the acid to crystallise out without any evapora- 
tion. 

Although sulphur dioxide takes some hours to complete its action 
on hydroxylamine, it acts rapidly at first, and occasions a sensible 
rise of temperature. Cold checks its action, and at 0° there appears 
to be none. Saturation of the hydroxylamine solution at this tem- 
perature with sulphur dioxide is sufficient, once for all, unless it is a 
very concentrated one, or is left exposed to the air. Some of the 
amidosulphonic acid becomes hydrolysed, if the solution is evapo- 
rated on the water bath, but there is no appreciable decomposition if 
it is evaporated in the cold. 

Two points had to be investigated, the one being as to whether the 
acid of the hydroxylamine salt had any influence on the reaction, and 
the other whether hydroxylamine and sulphur dioxide suffer com- 
plete conversion into amidosulphonic acid, or yield other products, 
such as ammonium sulphate, nitrogen, or nitrous oxide. The out- 
come of these investigations was that the action of sulphur dioxide 
is quantitatively the same, whether the hydrochloride, the sulphate, 
or the base itself is used, and that, besides amidosulphonic acid, 
ammonium hydrogen sulphate is the only other direct product of the 
a:tion. Very closely, about one-tenth of the hydroxylamine always 
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becomes ammonia, the solution being cold (not much exceeding 25°), 
and of moderate concentration. When the solution, a day after pre- 
paring it, is distilled with potassinm hydroxide, it gives a tenth of 
the nitrozen as ammonia, whether sulphate or hydrochloride has 
been used, or, whether or not, along with either of these salts, just 
enough sodium carbonate has been added to combine with its acid, 
leaving the hydroxylamine free, or whether more sodium carbonate 
has been added and converted into metasulphite. If, instead of at 
once distilling off the ammonia, the solution, deprived of its excess 
of sulphur dioxide, is heated for some hours at 150—160°, so as to 
hydrolyse all the amidosulphonic acid, and it is then distilled with 
potassium hydroxide, the ammonia obtained is closely equivalent to 
the hydroxylamine taken ; no nitrogen, therefore, has been lost as gas. 
The stability of amidosulphonic acid is such that the decomposition 
of the acid is quite insignificant, and, therefore, that nearly all the 
ammonium hydrogen sulphate comes directly from hydroxylamine, 
sulphur dioxide, and water. 

Although the action of sulphur dioxide on hydroxylamine is not 
affected by the acid present, there are several circumstances which 
make it advantageous to use the sulphate rather than the hydro- 
chloride in preparing amidosulphonic acid. In the first place, the 
sulphate is easy to get in large crystals, which are practically non- 
deliquescent, and it isa much cheaper salt to prepare*; in the second 
place, sulphuric acid very greatly reduces the solubility of amido- 
sulphonic acid in water, and hydrochloric acid hardly at all. 

To prepare amidosulphonic acid from hydroxylamine sulphate, it 
is dissoived in four or five times its weight of water, the solution 
nearly saturated ice-cold with sulphur dioxide, and set aside at the 
ordinary temperature for a day in a flask closed not quite air-tight ; 
the sulphur dioxide remaining is then expelled by a current of 
air, and the solution placed in a good desiccator, where the acid 
soon begins to crystallise out in thick plates. The crystals are 
well drained, and washed two or three times with a little ice-cold 
water. The yield should approach four-fifths of the weight of the 
hydroxylamine sulphate. As, however, amidosulphonic acid itself 
can be obtained from sodium nitrite more easily than hydroxylamine 
sulphate can, it will never be prepared from the latter on the large 
scale. 

Preparation of Amidosulphonic acid from Sodium Nitrite through 
Imidosulphonic acid.—Briefly, this process consists in fully sulphonat- 
ing sodium nitrite by means of sulphur dioxide and sodium carbonate, 
hydrolysing the nitrilosulphonate to acid sulphate and amidosalph- 


* See “ Economical Preparation of Hydroxylamine Sulphate,” p. 1665. 
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onic acid, neutralising with sodium carbonate, separating the sodium 
sulphate by crystallisation, and precipitating the amidosulphonic acid 
by the addition of a large excess of concentrated sulphuric acid. To 
get a large yield easily, the following details must be observed. 
Sodium nitrite (2 mols.) and sodium carbonate (3 mols.) are put into 
enough water to make the whole weigh 18 times as much as the 
sodium nitrite, and sulphur dioxide is passed in until the solution 
is acid to litmus. Usually the solution undergoes change very quickly 
if left to itself, but a drop of strong sulphuric acid may be added to 
start it, the nitrilosulphonate being converted into imidosulphonate 
and acid sulphate. There is a marked development of heat, and a 
large amount of sulphur dioxide is evolved, due to the interaction of 
the acid sulphate and sodium metasulphite, the latter salt having 
had to be produced in order to secure the sharp sulphonation of the 
nitrite (Trans., 1892, 61, 955). Much of the loss of the sulpbur 
dioxide, and also the inconvenience caused by its escape, can be easily 
avoided by distributing the nitrite solution in several flasks for sepa- 
rate sulphonation, and then allowing the sulphur dioxide regenerated 
by the hydrolysis of one portion to help in sulphonating another ; in 
doing so, the sulphur dioxide may be driven out of the hydrolysed 
solution, without detriment to it, by heating, provided this is not 
too prolonged. In any case, either a short heating is requisite in 
order to hasten the second stage in the hydrolysis (that of imido- 
sulphonate into amidosulphonate and acid sulphate), or else a setting 
aside of the solution for a few hours (after expelling its sulphur 
dioxide by a current of air) in order to allow this hydrolysis to 
become complete. The solution is next neutralised by adding 1 mol. 
sodium carbonate, that is, a third as much as the quantity taken at 
first, and the solution evaporated, by boiling or otherwise, until it 
again weighs only 18 times as muchas the nitrite taken. If it is then 
exposed in an open vessel for a night, where the temperature may 
fall to 0° or below, nearly all the sulphate present will separate in 
large crystals, from which the mother liquor can be well drained. If 
these conditions are not observed, it becomes necessary to concen- 
trate the mother liquor, and the sulphate, which then separates on 
cooling, seldom crystallises in so good a form for draining. It is 
worth while to redissolve the separated sodium sulphate in a third of 
its weight of hot water and recrystallise it, the mother liquor being 
then evaporated to one-fifth, cooled, and, after separation of the 
sulphate, added to the main quantity of mother liquor. The solu- 
tion of sodium amidosulphonate, after being filtered, is now mixed 
with concentrated sulphuric acid, weighing 3—3} times that of the 
nitrate taken, and set aside for a day in a cool place. Most of the 
amidosulphonic acid separates immediately ; more crystallises out 
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during the cooling and standing. It is well drained on porous tiles, 
and washed with a little ice-cold water. 

The yield of acid by this process is affected by the tendency of the 
acid to form crystals with sodium hydrogen sulphate (see the account 
of the salts, p. 1646), so that the sodium sulphate should be separated 
as far as possible before adding the sulphuric acid. A yield of 75 per 
cent. of the calculated quantity may be reckoned on, while with care 
much more can be obtained. ; 

To obtain the acid in good crystals, it must be purified by recrys- 
tallisation ; this can be done without any considerable waste by grind- 
ing it fine, adding it to 2{ times its weight of boiling hot water, and 
stirring diligently on a water bath until it is all dissolved. The 
solution set aside deposits about three-fifths of it, and the mother 
liquor by cold evaporation will yield nearly all the remainder in fine 
crystals in spite of the hydrolysis which che hot water will have 
caused. Mother liquors may also be worked up by precipitating the 
acid by means of strong sulphuric acid or by alcohol.* 


Properties of the Acid. 


Amidosulphonic acid is colourless and odourless, and has a sharp, 
purely acid taste (Berglund). It crystallises readily from its aqueous 
solution, and better than most of its salts (Berglund). Its crystals 
are orthorhombic plates ; Fock (see Raschig’s memoir) has examined 
it crystallographically, and shown it to be isomorphous with its 
potassium salt. We took its sp. gr. in ether, and found it to be 2°03 
at 12°. Nothing has been published as to its melting point, except 
that M. Schmidt placed it as near 200°; it has, in fact, no real melting 
point, for, as will be shown later on in this paper (p. 1650 et seq.) in the 
act of melting it to a great extent decomposes. Its apparent melting 
point, as near probably as can be determined, is 205°, the observa- 
tion being made on the driest acid in a capillary tube, beside a Jena 
thermometer with thread immersed in a bath of sulphuric acid ; 
it melts but very slowly at this temperature. Even at its melting 
point, it begins to evolve vapours produced by its decomposition, but 
this is very slight in dry air. In fact, this volatilisation and the 
melting ‘point are greatly affected by the access of moist air and by 
any dampness in the acid used. 

Berglund described it as being quite easily soluble in water, and 
it is so, though slowly ; it is, however, less soluble than any of its 
salts, except that of silver (not counting its basic mercury salt). It 
requires 5 parts of water at 0°, and 2} parts at 70° to dissolve it. 
The fact that hot water is not without chemical action on it ren- 


* For another, sometimes useful, way of preparing the acid, see p. 1646. 
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ders a close determination of its solubility in hot water impossible. 
There is no known solvent for it but water. 

Sulphuric acid greatly diminishes the solubility of the acid in 
water, and readily precipitates it from its solutions and from solu- 
tions of its salts; its solubility is also greatly reduced by the pre- 
sence of sodium hydrogen sulphate. These facts, as already men- 
tioned, greatly facilitate the preparation of the acid. Not more than 
3 parts of the acid for each 100 of water remain dissolved after 
concentrated sulphuric acid, amounting to }— of the volume of 
the solution has been added, and the mixture left to itself for a day. 
A 5 per cent. solution of the acid very soon deposited some of it when 
mixed with sulphuric acid; a 24 per cent. solution deposits none, 
even on standing, but if it has been previously nearly saturated with 
sodium hydrogen sulphate, it yields some of the acid on standing, 
after admixture with sulphuric acid. Nitric acid also precipitates 
amidosulphonic acid from its solution, but to a much less extent than 
sulphuric acid does. A fuming solution of hydrochloric acid does 
not precipitate it. Glacial acetic acid acts well as a precipitant, but 
more of it must be used than of sulphuric acid. 

It is stable in the air (even when crude) and non-deliquescent in 
the cold, but it generally holds about 1 per cent. of water, either 
hygroscopically or, to a slight extent, as ammonium acid sulphate. It 
is also stable in cold solution (Berglund), or very nearly so. Neither 
dilute hydrochloric acid nor a mixture of this acid with barium 
chloride seem to affect its stability in the cold. A solution of the acid 
may be boiled for a moment, or be kept at 100° fora very few minutes, 
and still fail to show sulphuric acid with barium chloride; at 45° 
there is just enough hydrolysis in two hours to give a turbidity with 
barium chloride in 20 seconds. The presence of hydrochloric acid in 
a boiling solution quickens the destruction of the acid very much, 
but, even then, it is not completed in the course of a few hours; 
heating with the acid at 150°, however, makes the hydrolysis complete 
in three or four hours (Raschig). 

Berglund stated that the acid in aqueous solution can be boiled 
for an hour without decomposition occurring, although continued 
boiling decomposes it; moreover, although hydrochloric acid hastens 
matters, the solution may be boiled with this acid and barium 
chloride for an hour before barium sulphate begins to separate. 
Raschig also stated that, in its boiling solution, the acid is practi- 
cally undecomposed, and only very slowly decomposes in presence of 
acids. According to our experience, just recorded, Berglund and 
Raschig have exaggerated the stability of the acid in boiling solu- 
tions, whilst Krafft and Bourgeois, on the other band, exaggerated 
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still more its instability when, in purifying the acid, they only 
ventured to dissolve it in slightly warm water. 

Crystals of the acid will lie for months in concentrated sulphuric 
acid unchanged ; heated with it till dissolved, the acid undergoes 
essentially the same change as when heated by itself. Berglund 
found the acid not to be decomposed by boiling with potassium 
hydroxide; whilst, according to Raschig, alkalis seem to make the 
acid more unstable. We find the decomposition caused by con- 
tinuous boiling to be very slight, and no greater than that in a 
solution of the neutral potassium salt kept at the same tempera- 
ture. Alkalis appear, therefore, to be inactive. A solution of the 
potassium salt along with potassium hydroxide can be evaporated 
on the water bath, without the salt suffering noticeable change. 
Were it otherwise, how could sulphamide, boiled with alkali, pro- 
dace amidosulphonate, half the nitrogen only escaping as ammonia 
(Traube) ? 

Heated in ordinary damp air at 100°, amidosulphonic acid very 
slowly fixes water, through hydrolysing, and becomes sticky on the 
surface of its crystals. Krafft and Bourgeois found this change to 
proceed freely at 130—140°. Berglund, on the contrary, found that 
the acid does not change in this way until above 190°; but the facts 
observed by Berglund are such as occur without the intervention of 
moisture, as will be made clear when the effects of heating the acid 
are described. 

Amidosulphonic acid retards the precipitation of small quantities 
of sulphuric acid by barium chloride, a fact that must be taken into 
account when testing for the beginnings of decomposition of the acid 
itself. A cold saturated solution of amidosulphonic acid containing 
one part of sulphuric acid to 10,000 of water, gives no precipitate 
for some minutes after barium chloride solution is shaken with it, 
and then only slowly and sparingly, although in 20 hours precipita- 
tion seems to be nearly complete. With only half as much sulphuric 
acid present, barium chloride takes half an hour to cause any pre- 
cipitate, and this remains very slight for a long time. In strong, 
neutral, or alkaline solutions, alkali amidosulphonates also retard, for 
a day or two, the complete precipitation of a sulphite by barium 
chloride. 

Amidosulphonic acid, when acted on by sodium, changes into its 
sodium salt with evolution of hydrogen. It also dissolves zinc and 
iron (Berglund). It dces not decompose an alkali chloride or nitrate 
when mixed with the salt in the damp state, or in solution. Heated 
dry with the salt, it causes decomposition, but then the acid is itself 
decomposed. 
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Amidosulphonic acid is decomposed with effervescence, even at the 
ordinary temperature, by a mixture of concentrated sulphuric acid 
and a nitrate or nitric acid, the gas being nitrous oxide. In this 
respect its behaviour is like that of imidosulphonic acid, which, in 
1892, we fully described on p. 963 of our paper on “ Imidosulphonates ” 
(Trans., 1892, 61). Soon after issuing that paper, we recognised 
the similarity of this reaction to that discovered by Franchimont 
(1887)—that by which nitramide has recently been obtained by 
Lachmann and Thiele (1896); but we were at that time nnable to 
study the reaction further. Lachmann and Thiele have been the 
first to publish the fact that amidosulphonic acid gives nitrous oxide 
when treated with nitric and sulphuric acids. They also state that 
nitramide itself cannot be got by the reaction, but they give no parti- 
culars. We, too, have failed to get any nitramide, not, apparently, 
because it is decomposed after being formed, but because there is no 
action between the nitric and amidosulphonic acids in a freezing 
mixture. As already mentioned, amidosulphonic acid is quite in- 
soluble in strong sulphuric acid, and but little soluble in the dilute 
acid. Owing to this property, we have been able to recover from a 
mixture of the acids, which had been stirred up for nearly an hour, 
immersed in ice and salt, not only much of the nitric acid (by ether 
extraction), but, also, much of the amidosulphoniec acid, by getting it 
deposited when the mixed acids, holding it suspended, were poured 
on to ice to dilute them. In our experiment, we used the amidosul- 
phonic acid in the form of its ammonium salt, with the object of 
having the acid present in the finest state of division. 

As has just been indicated, amidosulphonic acid is oxidised in the 
cold by nitric acid in presence of concentrated sulphuric acid. It is 
also oxidised by hot, or even cold, nitric acid, by potassium chlorate 
and hydrochloric acid (Berglund), and by chlorine and bromine. It 
is not acted on by chromic acid or permanganic acid solution, or by 
ferric chloride, ferric amidosulphonate being as stable in hot solution 
as the other salts of the acid; the acid is slowly oxidised, however, 
at a boiling heat by silver oxide and alkali, and then silvers the 
glass. This oxidation gives the solution the power, when acidified, 
of reducing small quantities of permanganic acid. This property, 
together with the fact of sulphites in alkaline solution not being 
oxidisable by silver oxide, makes it pretty certain that the reduc- 
tion of silver goes on thus (but see the account of the silver salt, 
p. 1648) : 

H.NSO;K + Ag.O = AgSO;K + Ag + N + OH;:. 


Platinum black very slowly acts on a solution of amidosulphonic 
acid exposed to the air, and produces sulphuric acid—but, appa- 
rently, only by hydrolysis. 
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Amidosulphonic acid prevents the precipitation of silver and 
mercuric salts by alkalis (see the accounts of the silver and oxy- 
mercuric salts, pp. 1648, 1650). Here the acid is seen acting as an 
amine. 

It combines with boiling alcohol in the course of hours, becoming 
ammonium ethy] sulphate (Krafft and Bourgeois), and, when boiled 
with aniline, it is slowly and similarly converted into ammonium 
phenylamidosulphonate (Paal and Kretschmer, 1894); both reac- 
tions are analogous to the hydration of the acid, NH and O func- 
tioning alike. 

A description of its behaviour, when heated dry, will be found 
after the account of its salts. 


Preparation and Properties of the Salts. 


A number of the salts of amidosulphonic acid were examined by 
Berglund, and a comparatively full account of his work on them, 
condensed by Cléve from Berglund’s Swedish memoir, was published 
in the Bull. Soc. Chim., 29, 422. The salts examined were those of 
potassium, sodium, lithium, ammonium, thallium, silver, barium, 
strontium, calcium, lead, nickel, cobalt, manganese, zinc, cadmium, 
and copper, and the existence of a basic mercuric salt was pointed 
out. Raschig prepared again and analysed the potassium salt, and 
included, in his account of it, its crystallographic elements, as deter- 
mined by Fock. Krafft and Bourgeois again analysed and described 
the barium salt. Eitner again analysed the barium and the silver 
salts. Paal and Kretschmer again analysed and described the silver 
salt (acknowledging the previous work of EHitner), the copper salt, 
and the lead salt. Of these investigators, Raschig alone mentions 
Berglund, carefully indicating the great value of his work. The 
others are silent as to the work of the chemist who not only first 
prepared the acid and its salts, but analysed and described them at 
least as fully as they have done. Yet an epitome of Berglund’s 
paper, drawn up by himself, appeared in the Berichte of the German 
Society (and not among the Heferate), besides appearing, in another 
form, in the Bulletin of the French Society, as we have just said. 

Now that the isolation of the acid has become easier than that of 
any of its salts, the work of Berglund and of Raschig on the prepara- 
tion of the salts has lost its value. Berglund, by laborious processes, 
prepared the barium salt by hydrolysing either the barium or the 
mercury barium imidosulphonate, and from this obtained the acid 
and the other salts. He gave himself unnecessary trouble through 
his belief, founded on observation, that imidosulphonates have a 
great tendency to pass at once into ammonium sulphate, instead of 
stopping at the stage of amidosulphunates, although these, once 
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formed, are stable enough. Instead of describing Berglund’s, now 
obsolete, process, we will give a very simple modification of it that 
may sometimes prove useful. Normal barium imidosulphonate, 
freed from alkali by reprecipitation, is kept on the water bath, with 
very slightly more dilute sulphuric acid than is equivalent to one- 
third of its barium, just so long as a little of the filtered solution is 
found to yield barium sulphate on boiling; then, after filtering off 
and washing the barium sulphate, the solution of amidosulphonic 
acid is evaporated in the cold over sulphuric acid. 

Nothing need be said of the preparation of the salts from the acid, 
but a line or two may be given to the direct preparation of the 
sodium and potassium salts from the nitrite. If, in the preparation 
of the acid from sodium nitrite already described, the mother liquor 
from the sodium sulphate crystals is further evaporated, sodium 
amidosulphonate crystallises out, and can be thus obtained, but it is 
far better to prepare the salt from purified acid and sodium carbon- 
ate. Raschig obtained the potassium salt direct, in the above way. 
Other amidosulphonates cannot be prepared by double decomposition 
of the alkali salts (see the account of the silver salt, p. 1648). 

All amidosulphonates (except the oxymercuric) are soluble in 
water, the least soluble of them being the silver salt (Berglund). 
Most of them are exceedingly soluble, and form supersaturated solu- 
tions (Berglund). They are stable, even in solution, so far as we 
have observed, except the ammonium salt, which is liable to hydro- 
lyse, if not quite dry, moreover, their solutions may be kept for hours 
at 100°, or even be boiled without showing decomposition. 

A double salt of sodium sulphate and amidosulphonic acid has been 
obtained by us at times, when preparing amidosulphonic acid and 
separating it from its sodium salt by sulphuric acid; but experiments 
made to determine the conditions for its production at will have been 
unsuccessful. When obtained by us, it had crystallised from a 
strongly acid solution, and formed short, thick prisms, somewhat 
deliquescent. Its analysis showed it to have the composition of 
6 mols. amidosulphonic acid with 5 mols. disodium sulphate, and 


15 mols. waier. 
Cale. Found. 


Sodium .... eee 14°72 14°79 
Sulphate sulphur...... 10°24 10°18 
Sulphonate sulphur.... 12°29 12:08 
WEF ccccccccevcence 17°28 15°70 


This complex may have been only a crystal compound, but it could 
not have heen a mere mixture, because of its form, its apparent 
homogeneity, and its content of water. It may be written as 


H,N-SO,H + 5(Na0O-SO,NH,HO‘SO,ONa,30H,), which, if the 
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1 mol. of amidosulphonic acid be neglected, is ‘a salt analogous to the 
well defined and stable ammonium sodium sulphate formed under 
similar circumstances, the sodium amidosulphonate representing 
ammonia. In our accounts of imidosulphonates and oximidosulph- 
onates, already published, we have had occasion to point out the 
apparent functioning of those salts as amines towards nitric 
acid. 

Hydroxylamine amidosulphonate has only been obtained as an 
uncrystallisable, viscous, hygroscopic liquid. It was prepared by 
decomposing hydroxylamine sulphate by its equivalent of barium 
amidosulphonste. 

Ferrous Amidosulphonate-—This salt was prepared from the acid 
and iron wire, with exclusion of air. Since the solution of this very 
soluble salt has to be evaporated in a vacuum, it is well to use much 
less water than would dissolve all the acid, for this then goes into 
solution in proportion as it is used up in forming the iron salt. The 
solution and crystals have the usual blue-green colour. The solution 
shows supersaturation, like that of many other amidosulphonates, and 
the salt is consequently obtained in the form of a cake of radiating 
prisms, just like the zinc salt. It is deliquescent, and, unlike the sul- 
phate, is not precipitated by alcohol. Pressed between filter-paper, 
but still slightly damp, some of the salt showed, by permanganate, 
the presence of 16°48 per cent. of iron. A salt with 4H,O would have 
17°5 per cent. of iron, and one with 5H,O, 16°57 per cent.; the latter 
must, we think, be taken as the right expression. Analogy is not 
available for deciding the point, for, according to Berglund, although 
the zinc salt has 4H,O, the nickel, cobalt, and manganese salts have 
3H,0, the cadmium salt 5H,0, and the copper salt 2H,0. The 
magnesium salt has not been prepared. 

Ferric Amidosulphonate——This salt was prepared by dissolving 
ferric hydroxide and the acid in water. Its solution is bright brown, 
and dries up into an opaque, amorphous, brittle mass of the colour 
of ferric hydroxide. It is very soluble in water, but is not at all 
deliquescent. It has the full, astringent taste of the ferric salts of 
inorganic acids, and not that of the citrate or tartrate. 

The Silver Salt.—Before passing to the results of our own examina- 
tion of the important silver salt, we give Berglund’s excellent account. 
of it. “It erystallises best of all the salts; it is also the least 
soluble, requiring about 15 parts of water at the ordinary tempera- 
ture (19°). It forms bundles of striated prisms, looking much like 
those.of the sodium salt, and almost as hard and brittle as glass. 
It blackens only extremely slowly ; its solution is quite neutral. It 
is best prepared from barium amidosulphonate and a solution in 
boiling water of its equivalent of silver sulphate.” (Then follows its 
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analysis, showing it to be anhydrous). It is, however, better to 
prepare it directly from the acid itself. 

It is noteworthy that silver amidosulphonate cannot be prepared 
from the potassium salt and silver nitrate, as the most concentrated 
solutions of these salts, mixed in molecular proportions, yield no 
crystals; when dried up in the desiccator, it leaves a mixture of 
crystals consisting of silver amidosulphonate in combination, appa- 
rently, with silver nitrate, of potassium nitrate, and of silver potas- 
sium amidosulphonate nitrate. 

On adding potassium hydroxide to a solution of the silver salt, not 
too dilute, a bright yellow-ochre precipitate is produced, and if the 
potassium hydroxide is in moderate excess, the mother liquor is 
bright yellow, like a solution of gold chloride. Both precipitate 
and solution are changed by much water, becoming brown, the pre- 
cipitate dissolving. Hither solution, gives a brown precipitate when 
heated, or when mixed with excess of potassium hydroxide, of silver 
nitrate, or of potassium amidosulphonate, and this precipitate cannot 
be redissolved. The yellow solution is also unstable, gelatinising on 
long standing, and becomes colourless. The yellow and brown pre- 
cipitates and solutions appear all to be colloidal in character. The 
brown substance in solution and the brown precipitate appear to be 
essentially silver oxide. The yellow compound is not blackened 
by light, is soluble without colour in potassium amidosulphonate, 
is slowly converted to a whitish, pulverulent precipitate by diges- 
tion with silver nitrate solution, and into a white flocculent pre- 
cipitate by excess of potassium hydroxide. Its solution in a 
minimum of potassium amidosulphonate silvers glass at a boiling 
heat, so does a solution of potassium amidosulphonate, silver nitrate, 
and potassium hydroxide. 

A solution of silver amidosulphonate does not sensibly dissolve 
silver oxide. A solution containing silver nitrate and its equivalent 
of potassiam amidosulphonate behaves towards potassium hydroxide 
like silver amidosulphonate. If the silver nitrate is present in excess, 
and the solution not too dilute, precipitation of the amidosulphonic 
compound precedes that of silver oxide, but if the proportion of 
potassium amidosulphonate is as 2 mols. to 1 of the silver nitrate, 
potassium hydroxide causes no precipitate in solutions of moderate 
concentration, that is to say, amidosulphonic acid prevents the pre- 
cipitation of silver oxide by alkalis. A solution of 2 mols. of potas- 
sium amidosulphonate, 2 mols. of potassium hydroxide, and 1 mol. of 
silver nitrate dries up in the desiccator to a white homogeneous mass 
of minute, silky fibres, soluble in water again without change. 
Alcohol extracts from it no notable quantity of potassium 
hydroxide. 
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Further experiments are necessary to justify us in speaking posi- 
tively, and these, for the time, are impossible, but there can be little 
doubt, from what has been already ascertained and from analogous 
facts, that one of the amido-hydrogens is replaceable by silver, and 
even by potassium; that the ochre-yellow colloidal substance, soluble 
in water (when it is neither too much nor too little), is AgHNSO,K ; 
and that the white, fibrous, very soluble salt is a compound of silver 
potassium amidosulphonate with dipotassium amidosulphonate,. 
(KHNSO;K), and potassium nitrate. The power of preventing the 
precipitation of silver salts by alkalis exhibits amidosulphonic acid 
playing the part of an amine. It has no solvent effect in the case of 
cupric salts; in that of cuprous salts, its action has not yet been tried. 
The reduction of silver by amidosulphonic acid has been already 
briefly discussed along with the other properties of the acid (p. 1644). 

Mercurous amidosulphonate cannot exist. With a solution of 
mercurous nitrate, the acid gives a precipitate of metallic mercury 
and the salt next described. 

Oxymercuric Amidosulphonate-—Berglund recorded that silver 
amidosulphonate, with mercuric chloride, gives a mixed precipitate 
of silver chloride and basic mercuric amidosulphonate, amidosulph- 
onic acid being set free. The normal salt cannot be obtained. 
When mercuric oxide and amidosulphonic acid are ground together 
and moistened, they slowly interact, so that, with occasional stirring, 
the action is complete in two or three days, but the oxymercuric salt, 
(H,NSO;,;HgO),Hg,2H,0, alone is formed, any excess of acid dissolv- 
ing out in water, without taking any mercury with it, and any excess 
of mercuric oxide, evident by its red colour, being removable by diges- 
tion with much diluted nitric acid. Mercuric chloride and potassium 
amidosulphonate mix together in solution without change, but, if the 
former is not in excess, the above-mentioned salt is obtained as a 
white precipitate on adding potassium hydroxide in quantity not 
exceeding the equivalent of the chloride. The acid can precipitate 
almost all the mercury from a solution of mercuric nitrate, leaving 
only nitric acid in solution, and is itself completely precipitated by a 
slight excess of mercuric nitrate. 

To prepare the salt, it is best to mix a dilute solution of the acid 
with a concentrated solution of mercuric nitrate in the minimum of 
nitric acid, when the salt is thrown down as a snow-white, volu- 
minous, and very finely divided precipitate, which is troublesome to 
wash, either by decantation or on the filter, and takes long to dry on 
a tile, in consequence of its fine state of division. It is very stable, 
and may be washed with hot water. Air-dried, at the common. 
temperature, it contains 2H,O, which it easily loses when heated at: 
115°. The results of its analysis ure as follows: 


1650 DIVERS AND HAGA: AMIDOSULPHONIC ACID. 


Mercury. Sulphur. Water. 
Calculated .... 69°77 7°44 4°19 
Found ...... - 70°80 7°49 4°65 


The mercury found is too high through imperfect determination, for 
when the calculation is made, the total a little exceeds 109; the 
error does not affect the formula adopted. 

The salt requires comparatively strong nitric acid to dissolve it in 
the cold. Hydrochloric acid dissolves it, of course; but, what is 
very remarkable, potassium hydroxide does so too. By using an in- 
sufficient quantity of alkali, it is possible to decompose the salt 
partly, and thus to get a little yellow mercuric oxide from it, which 
remains insoluble in excess of alkali; but when the alkali, in excess, 
is rapidly mixed with it, the salt all dissolves permanently. Mercuric 
chloride, in preserce of enough amidosulphonic acid, is not, therefore, 
precipitated by potassium hydroxide in excess; the addition of more 
mercuric chloride, or of a little acid, causes the white oxymercuric 
salt to precipitate, but not mercuric oxide. . 

_ The precipitation of the oxymercuric salt from an acid solution of 

mercuric nitrate indicates its nature as a basic salt, while in degree 
of basicity it agrees with the oxymercuric salts of sulphuric, sulph- 
urous, and imidosulphonic acids, that is, it contains the bivalent 
group, -OHgOHgO-. But the stability of the salt when heated, 
its insolubility in dilute nitric acid, and its solubility in an alkali, 
suggest the possibility of its having another constitution, or of its 
being subject to tautomery. At least in its alkaline solution, it 
must almost certainly exist as a potassium salt of the formula 
Hg’’,N.(SO.K).(OH)., which exhibits it as a sulphonated mercuram- 
monium hydroxide. Like other mercurammonium salts, it does not 
yield up its amine (amidosulphonic acid) when treated with alkalis. 
Tt also behaves like a mercurammonium compound, in being com- 
pletely resolved, in accordance with Pesci’s reaction, into amido- 
‘sulphonic acid (its amine) and mercuric bromide by a saturated 
solution of ammonium bromide, ammonia being liberated, thus : 


Hg;N,(SO;H).(OH), + 12NH,Br = 3(HgBr.(NH,Br).] + 
2NH;SO,NH, + 4NH; + 2H,0 
Dilute solution of ammonium chloride converts it into “ white pre- 


-cipitate,” and a solution of mercury ammonium chloride and ammo- 
nium amidosulphonate, without any ammonia being liberated. 


Effect of heating Amidosulphonic acid and its Salts. 


The only statement yet made, concerning the effect of heating 
amidosulphonic acid in the absence of water, is Berglund’s, that, 
when rapidly heated, it is decomposed; sulphur dioxide, nitrogen, 


DIVERS AND HAGA: AMIDOSULPHONIC ACID. 1651 


water, and sulphuric acid being produced. This is correct, although 
it is remarkable that ammonia is not mentioned, as it always 
occurs in combination among the products. But, much below 
the temperature at which the acid is converted into these pro- 
ducts, it suffers a complete chemical change; this occurs to a 
large extent at the temperature at which the acid appears to 
melt, that is at 205°. In a closely limited space, to which air has 
not free access, it sustains no loss in half an hour when heated to 
220°, and only about 1 per cent. when heated to 260°; just above 
260° small bubbles very slowly form in the liquid, but become re- 
absorbed if the temperature is lowered; they consist, almost 
certainly, of ammonia. ‘There is much expansion in the act of melt- 
ing, the unmelted particles sinking freely in the melted part; on 
cooling, the liquid forms a vitreous mass, which contracts so much 
as to partly detach itself from the glass, even cracking this when 
very thin. The vitreous product is brittle, exceedingly deliquescent, 
and very soluble in water. If kept dry, it remains quite trans- 
parent, and shows no tendency to crystallise even after the lapse of 
several days. 

Although the vitreous mass obtained by fusing the acid must 
have the same ultimate composition as the acid itself, it yet contains 
very little of that acid; for when the mass is dissolved in water 
raore than half the acid that has been fused appears as ammonium 
hydrogen sulphate, that is, has combined with the elements of 
water. Now as it is plainly impossible that the change into this sub- 
stance could arise- from the effect of heat alone, it must necessarily 
be in part, at least, due to the action of water when the mass is 
dissolved. This can easily be shown to be the fact, but in doing 
so it becomes established that nearly half the acid is actually con- 
verted into sulphate by heat alone. When the mass is dissolved 
in a solution of potassium hydroxide instead of in water, sulphuric 
acid and ammonia are still the principal products, but the propor- 
tion of the former is now not so great as before. In the alkaline 
solation, imidosulphonate is present in large quantity, sometimes 
separating out from it in crystals. Since the quantity of ammonia 
is the same whether the mass is dissolved in presence of potassium 
hydroxide or not, and since the quantity is more than would be 
required to form sulphate with the sulphuric acid present in the 
alkaline solution, it follows that some of the ammonia must exist in 
the vitreous mass as ammonium imidosulphonate. This explains 
how it is that more sulphuric acid is got by dissolving the fused 
product in water than when alkali is present, as the acid imido- 
sulphonate very rapidly hydrolyses into sulphate and amidosulphonic 
acid. Accordingly, the solution in water contains nothing but am- 
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monium hydrogen sulphate and amidosulphonic acid; whilst, in the 
alkaline solution most of the sulphur may be present as sulphate 
and imidosulphonate and very little as amidosulphonic acid. From 
this it is evident that in the production of ammonium sulphate by 
heat alone, one part of the acid must yield the elements of water to 
the other part, being itself converted into imidosulphonate, for 
nothing escapes during the heating. This is only possible if both 
sulphate and imidosulphonate come into existence as their pyro- 
salts; and although neither of these is yet known or has been 
isolated from the vitreous mass, the analytical data point to the 
presence in it of these two pyro-salts in molecular proportion, along 
with some unchanged amidosulphonic acid. The following equation 
expresses the formation of the pyro-salts : 

4H,.NSO,;H ='(NH,SO;),.0 + NH,N(SO,).0. 
The formation of acid imidosulphonate,— ‘ 

4H.NSO,H = 2NH,N(SO;H),, 

and that of pyrosulphate,— 

4H,NSO;H = (NH,SO;),.0 + (H:NSO,),0, 
are not necessarily simultaneous; but, within the limits of analytical 
determination, they appear to be so. In the case of some amido- 
sulphonates, however, the conversion to imidosulphonate partly 
precedes that into sulphate. 

On heating the acid much above 260°, the products first formed 
enter into decomposition. ‘The vapours evolved at first are dense 
white, and apparently contain much sulphur trioxide, besides dioxide 
diluted with much nitrogen; but as the temperature rises and decom- 
position gets more rapid, the vapours become almost transparent. The 
decomposition induced by this higher heating is an interesting sequel to 
the primary decomposition of the acid by heat, the pyro-salts becoming 
ordinary salts in the following way, as closely as can be traced : 

5(NH,SO;).0 + 5NH,N(SO,),.0 = 6NH,HSO, + 

3HN(SO;NH,), + 2N, + NH; + 6SO, + 2S0,. 
When this change is about complete, the decomposition, at still 
higher temperatures, goes on in such a way as to preserve a residue 
nearly steady in composition as regards sulphur (29 per cent.), but 
to cause it to become richer in water and poorer in ammonia and 
imidosuiphonate, until, quite at the last, the residue consists of am- 
monium hydrogen sulphate alone. 

The Salts—When the amidosulphonates of ammonium and potas- 
sium, are carefully heated, they give a very large proportion of the 
corresponding imidosulphonates. The barium salt under the same 
circumstances gives much two-thirds normal ammonium imidosul- 
phonate and an orange- coloured sublimate of nitrogen sulphide. 
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The silver salt is first converted into an imidosulphonate, 
NH,N(SO;Ag)2, and this,-at a higher- temperature, loses ammonia 
and appears to be changed into HN(SO;Ag)>. 

The oxymercuric salt does not decompose until heated nearly'to 
redness, when it gives off sulphur dioxide and nitrogen, whilst at a 
red heat much mercury, as well as mercury sulphates, volatilise. 
In the remarks which follow, the mercury salt is not taken into 
consideration, its decomposition being specific. 

Summary of the Effects of heating the Acid and its Salts——Varied 
as are the details of the decomposition of amidosulphonates by heat, 
according as they concern the acid or its barium salt, the ammonium 
or the potassium salt, the characteristics of the decomposition are the 
same. There is always, virtually, the change of 2 mols. of amido- 
sulphonate into imidosulphonate and ammonia, and, for the most 
part, the union of these to form a normal salt, 


2H,NSO,H = NH; + HN(SO;H),; 
(H.NSO;).Ba = NH; + HN(SO;),Ba. 


That change is the cumulative resolution of an amine; next comes 
the cumulative resolution of the imidosulphonate as a hydroxide or 
metalloxide. The elements of 1] mol. of water and, in the case of 
metal salts, 1 mol. of basic oxide, go from 1 mol. of the imidosul- 
phonate to another mol. of it, converting this into sulphate, pyro or 
normal, as the case may be, and leaving either pyro-imidosulphonate 
as a residue, or (when basic oxide has been also lost) nitrogen, 
ammonia, and sulphur dioxide, as representatives of what, at lower 
temperatures, might have been sulphimide, 

2NH,N(SO;H), = (NH,SO;),0 + NH,N(SO,),0; 
2NH,N(SO;).Ba = 2BaSO, + 2NH; + [2HNSO,]}. 

The complex [2HNSO,] appears as (NH; + N, + 380,), or, in 
the case of the barium salt (infusible as that is, and acquiring a 
higher temperature as it does) this complex partly interacts with the 
2NH,, according to the equation 

2NH; + 2HNSO, = 4H,0O + 2NS5 + Ny. 

We are indebted, for their kind assistance, to Mr. Y. Osaka, B.Sc., 
in examining the reactions of silver amidosulphonate, and to Mr. M. 
Chikashigé, B.Sc., in examining the compound of amidosulphonic 
acid with sodium sulphate. 


Imperial University, 
Toky6, Japan. 
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CXI.—Molecular Conductivity of Amidosulphonic acid. 
By Jost Sakura, D.Sc. (Japan), Professor of Chemistry, Imperial 
University, Japan. 


Ar the request of Dr. Divers, I have determined the molecular 
conductivity of amidosulphonic acid. The apparatus which I used 
for the purpose consisted of a Kohlrausch’s universal bridge, in 
which the measuring scale is so graduated that the index at once 
gives the ratio of the lengths of the arms. The essential parts of the 
whole arrangement are sketched out in the accompanying figure. 


The primary current from two Daniell’s elements, e, enters the induc- 
tion coil 7; the induced current divides at c (or d), one part passing 
through the solution s, and the other through the rheostat 7, both 
to return to the coil through d (orc). ba is the measuring wire 
along which the index, d, is moved, until the telephone, ¢, no longer 
speaks, at which point we have, for the resistances of the various 
parts the following relation : 
s:7::bd:ad or s=ad/bd x r. 

Since the index, d, at once gives the ratio, bd/ad, the resistance of 
the vessel containing the solution is obtained by multiplying the 
resistance of the rheostat by this ratio. In all the determinations, I 
so arranged the resistances that the index should always lie between 
0°9 and 1-0 division on the scale when the telephone was silent; in 
this manner, any inaccuracy arising from possible errors of calibra- 
tion was reduced to the minimum. This part of the scale is sub- 
divided into 10 parts, and it is easy to read to one half of these 
divisions. Instead of attempting to catch the sound minimum of the 
telephone, I determined the limits of the region of silence, and took 
the arithmetical mean of these limits as the true sound-minimun, as,. 
for example, 0°955—0°975 = 0:965. For each dilution, I made two 
sets of determinations by slightly altering the resistance of the 
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rheostat, each set consisting of two separate readings, and took the 
mean of these four readings. 

The resistance vessel employed for holding the solution is of the 
Arrhenius form, and was made by following the directions given 
by Ostwald (Handbuch fiir physiko-chemische Messungen). Burettes 
and pipettes were also accurately calibrated according to the methods 
described in the same valuable work. 

The temperature at which the determinations were made was 
25°00—25°05° throughont, this constant temperature being main- 
tained in a water thermostat worked by a small turbine. 

Resistance Capacity of the Vessel.—For determining the resistance 
capacity of the vessel, I employed N/50 solution of potassium chloride, 
the specific conductivity of which is accurately known to be 
X = 2°594 x 107° at 25°, If 7 = the measured conductivity of the 
vessel containing N/50 solution of potassium chloride, and c = its 
resistance capacity, then c = A/J, The results obtained are given 
below, in which r = resistance of the rheostat and R = ratio of the 
two arms of the scale, bd/ad. 


si (1). (2). Mean. r.R = 1/t. 
155 0°955—0°975 = 0°9650 0°955—0°'975 = 0°9650 0°9650 149°58 
156 0°950—0°970 = 0°9600 0°950—0°965 = 0°9575 0°9588 149°57 
157 0°940—0°965 = 0°9525 0:'945—0°960 = 0°9525 0°9525 149°54 
158 0:°935—0°960 = 0°9475 0°935—0°955 = 0°9450 0°9463 149-52 
159 0:°930—0°950 = 0°9400 0:°930—0°950 = 0°9400 0°9400 149°46 
160 0°925—0°945 = 0°9350 0°925—0°945 = 0°'9350 0°9350 149 60 


. Mean.. 149°55 
Hence, c = A/l = 2°594 x 10-* x 0°14955 x 10° = 0°387933. 
Specific Conductivity of Water—Taking advantage of the cold 
weather at the time, the distilled water employed for making and 
diluting the solutions was purified by freezing a portion of it, the 
ice formed being melted and used in all the determinations. Iis 
specific conductivity was determined with the following results: 
r. R. r.R = ijl. 
10,000 18—22 = 20-0 200,000 
11,000 17—22 = 19°5 204,500 


Mean.. 202,250 


1 
202,250 
As the molecular conductivity of the solutions was determined for 
v = 32, 64, 128, 256, 512, and 1024 litres, the corrections for the 
conductivity of water for the respective dilutions are 

6, = 0°06, 0°12, 0°24, 0°49, 0°97, and 1°94; 
57T2 


Hence, \ = c.l = 0°387933 x = 19 x 10-*. 
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these corrections being obtained by multiplying the specific conduc- 
tivity of water, as determined above, into the molecular volume of 
the respective solutions, expressed in cubic centimetres. No account 
was taken of these corrections in the case of the molecular conduc- 
tivity of amidosulphonic acid, inasmuch as the latter is of a very 
considerable magnitude when compared with these; moreover, it is 
difficult to know whether the impurities in water increase or diminish 
the conductivity of the acid. In the case of the sodium salt, the 
above corrections were duly deducted from the observed. molecular 
conductivity. 

Molecular Conductivity of Amidosulphonic acid.—An N/32 solution of 
the pure acid (NH,SO;H = 97°11) having been made by dissolving 
0°1517 gram in 50 c.c., 20 c.c. of it was transferred to the resistance 
vessel, and, when a constant temperature of 25° had been attained, a 
set of conductivity determinations were carried out, with changes of 
resistance, in the manner already stated. Then 10 c.c. of the 
solution was removed from the vessel and replaced by water, and 
another set of determinations made, and so on, until the strength of 
the solution was reduced to N/1024. The results are tabulated 
below, being the molecular volume of the solution in litres, and r 
and R having the same meaning as before. 


R. 


—S 


128 150 
» 152 


256 290 
» 294 


$12 570 
» 580 


1024 1120 0°955—0-980 


(1). 
0-940—0°965 = 0°9525 
0*915—0 950 = 0°9325 


0 -950—0 ‘975 
0 ‘930—0 ‘950 = 


0 -955—0 *980 
0°945—0 ‘965 


0°945—0 965 = 
0°925—0 ‘950 = 


0 :950—0 ‘975 
0 *930—0 °955 


0 9625 
0 9425 


0 *9675 


» 1149 0°940—0°965 = 0°9525 


(2). 
0°945—0°965 = 0°9550 
0°920—0°945 = 9°9325 


0°950—0°975 = 0°9625 
0-930—O "950 = ? 0°9400 


0 -955—0 ‘980 = 0°9675 
0 °945—0°970 = 0°9575 


0 °940—0 965 = 0°9525 
0 9300 °955 = 0°9425 


0 ‘950—0 ‘975 = 0°9625 
0 ‘935—0°965 = 09500 


0 ‘955—0 ‘980 = 0°9675 
0°930—0°970 = 0°9500 


Mean. r.R=1/l. 
0°9588 41-97 
0°9325 41-96 
41°97 
77°00 
77-08 
77°04 
145-13 
145-36 


—_— 


145 “25 
276 “60 
276 °36 
276-48 
548-63 
548 85 
548 “74 
1083 “60 
1084 “39 


Mean.. 
0 -9625 
0°2400 
Mean.. 
0°9675 
0 9563 
Mean.. 
0°9538 
0°9400 
Mean.. 
0 °9625 
0 *9468 
Mean.. 
0 ‘9675 
0°9512 


Mean... 1084°00 
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The molecular conductivities, uv, of amidosulphonic acid. for the 

respective dilutions are, therefore, 
Pee = 0°387933 x 32/0°04197 = 295-78 
Pes x  64/0:07704 = 324°86 
ies x 128/0°14525 = 341°87 
L256 x 256/0°27648 = 359-20 
Ms12 xX 512/0°54874 = 361:95 
Pron x 1024/1:08400 = 366-46 
[Ho 373°97]. 

The molecular conductivity of the acid at infinite dilution, u,, has 
been calculated from that of the sodium salt. 

Molecular Conductivity of Sodium Amidosulphonate.—A solution of 
pure sodium hydroxide, prepared from metallic sodium, was made, 
titrated with pure and crystallised oxalic acid, and made up to 
N/32, phenolphthalein being used as the indicator, About 30 c.c. 
of this solution was carefully neutralised with powdered amido- 
sulphonic acid, with addition of a trace of phenolphthalein, and 
filtered with the usual precautions. Then 20 c.c. of the neutral 
solution was transferred to the resistance vessel, and conductivity 
determinations were made in exactly the same manner as with the 
a¢id. The results are as follows: 


int ud ue ao 


R. 
(1) (2) Mean. r. R=1/1. 


0 °945—0°960 = 0°9525 0°935—0°960 = 0°9475 00-9500 147 °25 
0 °935—0 ‘955 = 0°9450 0°930—0°955 =0°9425 0°9438. 147°28 


Mean .. 147 °24 


0°940—0°975 = 0°9575 0°945—0°970 = 0°9575 0°9575 .282°46 
0 -928—0 960 = 0°9425 0°930—0°950 = 0°9400 0°9413 282°39 


Mean .. 
o 


570 0°950—0 970 = 0'9600 0°950—0°970 = 0°9600 0°9600 
575 0°945—0 ‘960 = 0°9525 0°940—0°960 = 0°9500 0°9513 


Mean... 


256 1130 0°940—0 ‘960 = 0°9500 0°940—0°960 = 0°9500 0-°9500 
» 1140 0°930—0°955 = 0:9425 0°925—0'955 = 0°9400 0°9413 


Mean .. 

512 2200 0:°935—0°970 = 0°9525 0°930—0°970 = 0°9500 0°9513 
» 2240 0°915—0°955 = 0°9350 0:°915—0°955 = 0°9350 0°9350 
Mean.. 


1024 4300 0-950—0 970 = 0:9600 0°940—0°970 = 0°9550 0°9575 4117°25 
» 4400 0°925—0-950 = 0°9375 0°925—0°955 = 0°9350 0°9363. 4119°72 


Mean.. 4118°49 
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The molecular conductivity of sodium amidosulphonate is, there- 
fore, 
5, By: 

0°387933 x  32/0°14724 = 84°31 0-06 84°25 

64/0°28243 = 87°91 012 87:79 

128/0°54710 = 90°76 0°24 90°52 

256/1°07329 = 9253 049 92:04 

512/2:09363 = 9487 097 93:90 

1024/4°11849 = 96°45 1°94 94°51 


It may be observed that the difference, poy — ps. = 10°26, is of 
the same magnitude as that in the case of the sodium salts of all 
the monobasic acids, showing that the ions of amidosulphonic acid are 
Hand NH,SO;. For calculating the molecular conductivity of 
sodium amidosulphonate at infinite dilution, I have made use of 
Bredig’s table (Zeits. physikal. Chem., 1894, 18, 198), which gives 
@ more concordant result than the use of Ostwald’s values. 


0:32 64 128 256 512 1024 

dy:14 ‘ll 8 6 4 3 

by : 84°25 87°79 90°52 92:04 93:90 9451 

ty 1 9825 9879 9852 98:04 97:90 97°51 Mean 98°17. 


The velocity of migration of the Na ion being 492, that of the 
NH,SO, ion is 98:17 — 49°2 = 48°97; and the velocity of migration 
of the H ion being 325, the molecular conductivity of amidosulphonic 
acid at infinite dilution, »,, is evidently 325 + 48:97 = 373-97. 

Discussion of the Resulits.—The velocity of migration of the anion, 
NH,SO,;'= 48°97, approaches those of BrO; = 50°5 and F = 508; 
it is much greater than that of 10, = 37°9 or H,PO, = 33°5, and 
much less than that of Cl = 70:2, Br = 73°0, I = 72:0, or NO, = 65'1. 
Among the organic anions, that of formic acid, HCO, = 51:2, is the 
only one which exceeds NH,SQ, in velocity. 

The “strength” of amidosulphonic acid may be judged ‘of from 
the degree of its dissociation, p,/u, = m. The following table, in 
which 100 times this ratio is calculated, shows that amidosulphonic 
acid is already dissociated to the extent of 79 per cent. in a N/32 
solution, and that the degree of dissociation attains 98 per cent. in a 


N/1024 solution 
Amidosulphonic acid (u,, = 373°97) 


v: 382 64 128 256 512 1024 
fm: 295°78 32486 34187 35920 36195 366°46 
100m: 79°09 8687 9142 9604 9679 97:99 


Amidosulphonic acid may, therefore, be ranked among the strong 
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mineral acids, being nearly comparable with iodic acid, as may be 
seen from the following numbers: 


100 m. 


= 


Gs a, 

v H,NH.SO;. HIO;. 

32 79°09 84°60 
64 86°87 90°11 
128 91°42 93°96 
256 96°04 95°89 
512 96°79 97°27 
1024 97°99 97°55 


In its constitution, amidosulphonic acid is sulphurons acid in which 
the H directly combined with sulphur has been replaced by the 
group NH,: 


O8<6q Ona 


Sulphurous acid, Amidosulphonic acid. 


Now it is evident, from the measurements of Ostwald (J. pr. Chem., 
1885, 32, 314) and of Barth (Zeits. physikal. Chem., 1892, 9, 181), 
that sulphurous acid, in point of electric conductivity, behaves as a 
monobasic acid, its ions being H and HSO,;. It is, therefore, possible 
to obtain a knowledge of the influence of the replacement of H by 
NH, on the strength of the acid, by comparing together the values ot 
100 m. of sulphurous and of amidosulphonic acids. Determinations 
of the electric conductivity of sulphurous acid, as well as of metallic 
sulphites, are, however, attended with considerable inaccuracy, owing 
to the unavoidable and rapid oxidation occurring during the deter- 
mination. The following are the numbers obtained by Barth (loc. 
cit.) at 25°: 

v= 32 64 128 256 512 1024 

Sulphurous acid, H,SO,H.... 177°5 214°9 248°5 279-0 303°3 $24°7 

Hyd. sod. sulphite’Na,SO,H.. 80°9 84°7 88°7 92°56 95°38 98°8 

The difference, pox — /s2, for the sodium salt, instead of being 
about 10, is as high as 17°9, this error arising from the partial 
oxidation of the sulphite into sulphate; the numbers obtained by 
Barth are, consequently, admittedly too high, the higher as the solu- 
tion is the more dilute. We have, therefore, no means of calculating 
exactly the velocity of migration of the anion SO,H, but it may be 
approximately taken as (80°9 + 14) — 49°2 = 45°7, 80°9 being the 
value of ws for the sodium salt, 14 Bredig’s constant for this dilution, 
and 49°2 the velocity of migration of the kation Na. The approxi- 
mate molecular conductivity of sulphurous acid at infinite dilution is, 
therefore, w,, = 325 + 45°7 = 370° qeand the values of 100 p»,/u,, for 
this acid at the respective dilutiou® are : 
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v= 32 64 128 256 - 512 1024 
100 m = 47°88 57°97 67°04 75°26 81:82 87°59 


The increase of dissociation with dilution, as thus calculated, is 
admittedly too great, inasmuch as the oxidation of sulphurous acid 
gives increasingly too high values of w, Taking this fact into con- 
sideration, and comparing the above numbers with those obtained for 
amidosulphonic acid : 


v = 32 64 128 256 512 1024 
100m = 79°09 86°87 91:42 96°04 96°79 97°99 


it becomes evident that umidosulphonic acid is much stronger than 
sulphurous acid. This conclusion, drawn from the study of the electric 
conductivity of amidosulphonic acid, is interesting from the fact that 
the influence of the NH, group on the strength of organic acids 
generally is quite of the opposite character. Thus, from the data 
given by Ostwald (Zetts. physikal. Chem., 1887, 1, 74), I have calcu- 
lated the following values of 100 m. for benzenesulphonic acid : 

t o= 32 64 128 256 - 512 1024 

- 100.m = 90°91 93°95 96:15 98°52 99°61 100:00 

- Benzenesulphonic acid is thus one of the strongest acids, whilst its 
amido-derivatives are far below it in strength, as may be seen from 
the following numbers (Ostwald, Zeits. physikal. Chem., 1889, 3, 
406) : é; 

100 m. 


‘Orthamidobenz. Metamidobenz.  Paramidobenz. 
v. sulphonic acid. sulphonic acid. _—_ sulphonic acid. 


32 —w oe 12°79 
64 36°6 10°25 17°52 
128 47:1 14-26 23°80 
256 58°5 19-70 31:80 
512 69°8 26:55 21°60 
1024 80:0 34°70 _ 53:00 


Again, benzoic acid is stronger than its amido-derivatives, and 
acetic acid, though itself a very weak acid, is yet incomparably 
stronger than glycocine. These are facts already well established 
(compare J. Walker, Proc., 1894, 137). 

The striking contrast between the influence of NH, on the strength 
of organic acids generally, and that on sulphurous acid—the only 
inorganic acid of which the electric conductivity of the amido- 
derivative has. been determined—has, in all probability, to be ac- 
counted for by the circumstance that, in the former, the basic group 
-R" NH, .acis;on ~COOH 0 O;H, forming internal ammoniom 
salts, as was first suggested lenmeyer (compare J. Sakurai: 


a? 


OF AMIDOSULPHONIC ACID. 1661 


“‘ Constitution of Glycocoll and its Derivatives,” Jour. Sc. Coll., Imp. 
Univ., Japan, 7; or Proc., 1894, 137). Indeed, Ostwald, after 
determining the molecular conductivity of glycocine, and finding 
that it increases only very slightly on dilution, goes on to remark: 
“The nature of this series of numbers is rather that of a neutral 
salt, and the conclusion already drawn from the neutral reaction of 
glycocine, that it is a salt-like compound, is confirmed by the electri- 
cal measurements ” (J. pr. Chem., 1885, 32, 369). In another paper, 
the same author speaks of amidoacetic acid as one “ which can no 
longer be called an acid” (Zeits. physikal. Chem., 1889, 3, 189). 

I have shown in another place (loc. cit.) that the conclusion is 
inevitable, that not only glycocine, but organic amido-acids generally, 
are salt-like compounds; the study of the electric conductivity of 
amidosulphonic acid has confirmed this view by showing that the 
mere presence of NH, does not diminish the strength of an acid, and 
that the fact, therefore, that organic amido-acids are weaker than the- 
non-amidated acids must be explained by assuming the nitrogen of 
the basic group, -R’”’-NH,, to be in combination with the hydrogen 
of the acid group, -COOH or -SO,H, thus: 

H;N:R'-CO-0 or H;N-R"-SO,-0, 
hageamenenstieiel wags 


the dissociation of these molecules into H, on the one hand, and 


H,N-R'’-CO-0 or H,N-R'-CO-0, on the other, occurring to a much 
“wine Ope ovansenatinal 


less extent than in the case of non-amidated acids, which dissociate 
into H and RCO, or R’SO;. It may be observed that the intro- 
duction into organic amido-acids of a group that diminishes their 
salt-like character must facilitate their dissociation, and thus increase 
their conductivity and strength. The superior conductivity of 
aceturic and hippuric acids, as compared with that of glycocine, may 
be cited in favour of this view. . 

The Law of Dilution—As is well known, Ostwald’s dilution 


formula— 
2 
K =(*) + (1 — & )o, 
Px \ Pea | 


which expresses the relation between conductivity, «v, and dilution 
v, Of electrolytes which are only moderately dissociated, does not, 
apply in the case of highly dissociated electrolytes. Now, Rudolphi 
has shown (Zeits. physikal. Chem., 1895, 17, 885) that the following 
empirical formula well expresses this relation : 


, 


x = (-) + (1—g*) =, 
a 4. i: “7 aeeeprniicpeenebths 
and, further, van’t Hoff (Zeits. phygikal. Chem., 1896, 18, 300) ha- 
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pointed out that the relation may be equally well expressed by 
altering Rudolphi’s formula into 


(Me 2» 
He |v! 


ee 


which may be written as 
Kk = C?/ CY, 
pv 


where ——. oS (; is the concentration of the ion, and 
v 


Fo 
1— m\1 . C; 
Ma) ® 


is that of the undissociated salt. I have tested the above formule 
with sodium amidosulphonate ; the results which are tabulated below 
are in agreement with both of them: 


Sodium Amidosulphonate (u.» = 98°17). 


32 64 128 256 512 1024 
8425 87:79 90°52 92:04 93°90 94°51 

Kp 1:00 1:03 105 0:96 1-01 0°85 

Ky 1:00 101 101 092 096 0-80 

The values of Ky and Ky have been calculated according to 

Rudolphi’s and van’t Hoff’s formule, respectively, the value found 
for v = 32 litres being, in both cases, made equal tol. The results 
are almost equally constant up to v = 512 litres, but, in both cases, 
there is a greater deviation for the last dilution, owing, no doubt, to 
a@ greater experimental error. 


Vv 
Po 


hui 


CXII.—Physiological Action of Amidosulphonic acid. 
By Oscar Loew, Ph.D. 


Art the suggestion of my colleague, Dr. Edward Divers, I have made 
a series of physiological tests on plants with amidosulphonic acid 
(amidosulphuric acid). This acid, in 0°05—0'1 per cent. solutions, 
was applied in the form of its calcium or sodium salt, either alone or 
in conjunction with mineral nutrient salts, namely, monopotassium 
phosphate, 0°05 per cent.; magnesium sulphate, 0°05 per cent.; 
calcium sulphate, 01 per cent.; and a trace of ferrous sulphate. 
These solutions (500 c.c.) were applied to the whole plants, or to the 
branches and isolated leavesjgpf different families of the pheno- 
gams; also to alge, lower fungi,-and lower aquatic animals. 
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The principal result, in regard to phenogams, was that amido- 
sulphonic acid has, even in its salts, a decidedly noxious action, clearly 
established by control experiments, made at the same time and on 
similar organisms, kept in water and in solutions of ammonium 
sulphate and sodium sulphate. Some of the experiments were the 
following : 

Young wheat plants, carefully taken from the field, 20—25 cm. 
high, were placed in three vessels, containing each 500 c.c. of 
(a) common water, (b) 01 per cent.jof neutral ammonium sulphate, 
(c) 0°1 per cent. solution of sodium amidosulphonate. In (a) and (6) 
new rootlets gradually developed, but not in (c). After five days, 
withering of the leaves commenced in (c), and complete death had 
happened in nine days, whilst the plants in (a) and (b) were still 
perfectly healthy. 

Young branches of Prunus Cerasus, 40 cm. long, were placed in 
the same solutions and also in 0:1 per cent. of hydrated sodium sulph- 
ate. After three days, brown spots had appeared upon all the leaves 
kept in the amidosulphonate, and, two days later, all these leaves 
were dried up, whilst in the control solutions the branches still 
remained healthy, and for a long time afterwards. 

Isolated leaves of Asculus and Morus behaved in these solutions in 
the same way. Mr. Maeno made, under my supervision, further 
experiments with young plants of Allium fistulosum, Soja hispida, 
and Brassica Rapa, and in all these cases some noxious action of 
calcium amidosulphonate became evident. In these experiments, all 
the mineral nutrients were present. 

In contrast to what precedes, alge (Spirogyra Mesocarpus) had not 
suffered, even in a 1 per cent. solution of calcium amidosulphonate, 
after a week, whilst the ammonium salt killed them, in 0°5 per cent. 
solution, within two days.* 

That mould-fungi and bacteria can utilise amidosulphonic acid as 
a source of nitrogen was clearly established by their development in 
solutions containing ] per cent. of cane sugar, 0°1 per cent. of mono- 
potassium phosphate, 0°1 per cent. of magnesium sulphate, and, as 
the only source. of nitrogen, 0°l per cent. of amidosulphonie acid, 
either free or as calcium salt. Mr. Maeno studied the matter closely 
with beer yeast, and observed that, although the acid can be utilised 
as a source of nitrogen, it is not so good for the purpose as ammo- 
nium sulphate. 10 c.c. of thin beer yeast, corresponding to 0°0613 
gram of dry matter, was suspended in a solution containing in 100 c.c. 
6°856 grams of glucose, 0°1 gram of magnesium sulphate, 0°2 gram of 
monopotassium phosphate, and 0°l gram of sodium amidosulph- 


* All ammonium salts are, for these kinds of alge, noxious at this concentra- 
tion. 
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onate (A). In a second flask, (B), the last-mentioned salt was replaced 
by 0'1 gram of ammonium sulphate. After five days the yeast in 
(A) had increased 169 per cent., and that in (B) 223 per cent., whilst 
of the glucose there had been fermented in (A) 48°8 per cent., and in 
(B) 55:2 per cent. 

Finally, it may be mentioned that on lower aquatic animals as 
Infusoria, Rotatoria, and Copepoda, calcium amidosulphonate, in 0°1 
per cent. solution, had no noxious action. 

The poisonous action of amidosulphonic acid on phenogams is of 
considerable interest. Ammonia, in its salts, acts noxiously also, but 
only in higher concentration; it never is stored up as such in plants, 
as nitrates are, but is quickly converted into an indifferent substance, 
asparagine, as the recent investigations of Kinoshita and Suzuki, in 
the College of Agriculture, Téky6, have placed beyond doubt. It is 
the failure of the plants to convert amidosulphonic acid into an 
analogous indifferent substance that, perhaps, gives time for the 
gradual action of the labile amido-group.on the living protoplasm. 
The poisonous action of the labile amido-groups in hydroxylamine 
and diamidogen for the most varied organisms is well known. The 
fact that amidosulphonates are poisonous neither. for lower plants 
like alge and low fungi, nor for arimals (see the Appenpa to this 
paper), still needs an explanation that shall be perfectly satisfactory. 
The corresponding carbamic acid was found by Nencki to have a 
poisonous effect on animals. 


Imperial University, 
Japan. 


Appenpa, by Epwarp Divers. Further experiments on the pbysio- 
logical action of amidosulphonic acid are in progress in Dr. Loew’s 
laboratory in the Agricultural College of the University, the results of 
which will appear in the Bulletin of the College. When the above paper 
was written, the fact had not been ascertained that amidosulphonic 
acid acts as a reducing agent on alkaline silver. solutions, apparently 
becoming oxidised to water, nitrogen, and sulphite. This reducing 
power brings it into association with hydroxylamine, hydrazine, and 
amidogen, which Dr. Loew has shown to be so highly poisonous }. 
though only remotely, because its reducing power is so feeble, as 
compared with theirs. The simultaneous .generation of sulphite 
should add to its poisonous action. 

Professor D. Takahashi, of the Medical College of this University, 
has examined the action of sodium amidosulphonate on vertebrate 
animals, and thas kindly communicated his. results to me. He 
injected 0'2 gram of it subcutaneously into a frog, and intravenously 
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1-4 grams into a young dog weighing 2 kilos., in both cases without 
an injurious effect or any symptoms like those observed by Nencki 
in experiments with sodium carbamate. Amidosulphonates, there- 
fore, seem not to be poisonous to animals. 


CXIII.—Economical Preparation of Hydroxylamine 


Sulphate. 
By Epwarp Divers, M.D., F.R.S., and Tamemasa Haga, D.Sc., 
F.C.S. 


In 1887, Raschig made known that hydroxylamine can be got from a 
nitrite by sulphonation followed by hydrolysis, and took out patents 
for its manufacture in this way. As to what extent these patents 
may have since been worked, and with what success, we have no 
information ; but we cannot believe that this process has been advan- 
tageously carried out, unless the directions he gave have been greatly 
modified. The one we are about to describe is very productive and 
economical for the preparation of hydroxylamine sulphate, a non- 
deliquescent salt readily forming large crystals, and soluble in three- 
quarters of its weight of water at 20°. 

Commercial sodium nitrite of 95 per cent. nitrite does not contain 
more than 1 per cent. of objectionable matters, such as chloride and 
nitrate, and is, therefore, pure enough. A concentrated solution of 
this salt (2 mols.), and of sodium carbonate (1 mol.), pretty closely 
adjusted in these proportions, is treated with sulphur dioxide until 
just acid, while it is kept well agitated at 2—3° below zero by immer- 
sion in ice and .brine; at this temperature, the conversion of the 
nitrite into oximidosulphonate appears to be perfect. When gently 
warmed with a few drops of sulphuric acid, the oximidosulphonate 
rapidly hydrolyses, with marked rise of temperature, into oxyamido- 
sulphonate and sodium hydrogen sulphate. The solution of these 
salts is kept at 90—95° for two days, by the end of which time all 
the oxyamidosulphonate will have hydrolysed into hydroxylamine 
sulphate and sodium hydrogen sulphate; the quantity of ammonium 
salt produced is so small that it can only be detected in the very last 
mother liquor of crystallisation, using platinic chloride (potassium 
hydroxide being an unsuitable reagent in presence of hydroxylamine). 
At 80—85°, five days are necessary, but then practically no ammonia 
is formed ; at 70°, three weeks, at least, are necessary; whilst at the 
common temperature much oxyamidosulphonic acid remains un- 
changed after several months, even when much sulphuric acid has 
been added. On the other hand, the solution kept boiling needs 
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only seven or eight hours usually to deprive it of all sulphonate, bu 
the effect of the boiling on the hydroxylamine is disastrous, destroy- 
ing at least one-third of it, by converting it (through amidosulphonic 
acid?) into ammonia, and wasting another third as a practically 
inseparable mixture of its sulphate with ammonium sulphate. 

To make sure that all sulphonate has been hydrolysed, it is well 
to add barium chloride in excess to a little of the solution, filter and 
boil the filtrate with potassium chlorate, to convert any sulphonate 
into sulphate. When the change is complete, the solution is neutral- 
ised with sodium carbonate, using methyl-orange as indicator, and 
evaporated until it weighs only 10}—11 times as much as the sodium 
nitrite taken ; if now left to cool where its temperature will fall to 0°, 
or below, nearly all the sodium sulphate will crystallise out, and the 
mother liquor, on being evaporated sufficiently, and allowed to cool 
to the common temperature, yields much hydroxylamine sulphate, 
the mother liquor from which, very slightly diluted and cooled below 
0°, gives again a little sodium sulphate, and can then be worked for 
more hydroxylamine sulphate, as before. 

The crude hydroxylamine sulphate weighs about 9 parts for every 
10 parts of sodium nitrite taken. It needs to be recrystallised, but 
the mother liquors can be closely worked up. On the other hand, the 
sodium sulphate recrystallised, or even washed with ice-water, will 
give up 1 part more of hydroxylamine sulphate; so that sodium 
nitrite will yield, on the small seale, nearly its own weight of pure 
hydroxylamine sulphate. No. doubt, on the large scale, the theo- 
retical yield of 118°84 per cent. could be more nearly approached. 

Potassiam nitrite is not well fitted for the preparation of hydroxyl- 
amine, because of the difficulty experienced in closely separating the 
hydroxylamine sulphate from that of potassium. After several 
recrystallisations, the hydroxylamine salt still contains 1‘8 per cent. 
of potassium sulphate. The addition of aluminium sulphate is not 
an improvement, for then the hydroxylamine sulphate, separated 
as far as practicable from the potassium alum, leaves behind, on 
ignition, 5°7 per cent. of residue. 


7 
a 


Imperial University, 
Tokyo, Japan. 
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CXIV.—How Mercurous and Mercuric Salts change 
into each other. 
By Serpacui Hapa, B.Sc. (Japan). 


NotwiTHSTANDING the numerous investigations of the change of mer- 
curous salts into mercuric and the converse, in the absence of 
oxidising or reducing agents, but little is known of the way in which 
these changes come about. The work recorded in this paper proves 
that in such cases all mercurous salts dissociate into mercury and 
mercuric salts ; and reciprocally, under similar conditions, all mercuric 
salts combine with mercury forming mercurous salts, a view held by 
Rose so strongly that he denied the existence of any precipitated 
basic mercurous salts, considering them as mixtures of mercuric basic 
salt with mercury. 

Decomposition of mercurous salts into mercury and mercuric salts 
increases with rise of temperature, and only progresses freely so long 
as the mercury set free is continuously removed from the field; and, 
conversély, combination of mercuric salts with mercury only becomes 
complete in presence of excess of the metal and at lower tempera- 
tures, unless the mercurous salt produced is insoluble, as in the case 
of the chloride. 

Dissociation of mercurous salts into mercury and mercuric salts in 
the presence of water is caused not only by an elevated temperature, 
but also by light, even at the ordinary temperature, and apparently 
in all salts. Further it will be shown that some mercurous salts are 
oxidisable by air in presence of water when the temperature is much 
above 100°. 

It has been found also that mercurous nitrate becomes a mercuric 
salt spontaneously in presence of water. Moreover, either in a few 
hours at 150°, or at the ordinary temperature in strong daylight, a 
large fraction of the mercurous salt may become mercuric without 
separation of mercury, being converted into mercuric nitrite and 
nitrate, the traces of nitrous acid generated by the heat or light start- 
ing the action. 


Mercury Nitrates. 


Conversion of Mercurie Nitrate into Mercurous Nitratg.—Although 
Barfoed mentioned the fact that mercuric nitrate solution dissolves 
finely divided mercury (‘The Behaviour of Mercurous Salts with 
Soda,” in Danish, 1883, J. pr. Chem., 1888), it does not appear to be 
known that a solution of mercuric nitrate shaken violently for a very 
short time with large excess of mercury is eutirely converted into 
one of mercurous nitrate. This simple method of preparing a solution 
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of mercurous nitrate free from -nitrous acid has been in-use in this 
laboratory for years. 

Stability of Mercurous Nitrate—Before treating of the ways in 
which mercurous ‘nitrate passes into mercuric nitrate, something 
has to be said as to its stability. It is a matter of common observa- 
tion that mercurous nitrate kept for some time becomes yellow; but 
this I find is not true of the carefully prepared salt. As Marignac 
pointed out (1849), the crystals usually enclose mother liquor, but if 
this is thoroughly removed from the crushed crystals by pressing 
them between filter paper and drying them in a desiccator, the salt 
is obtained in a stable condition. A solution of mercurous nitrate, 
free from nitrous acid and kept in a closed vessel, appears to be quite 
stable if kept in the dark. 

Well cleaned and effloresced mercurous nitrate, if kept in a bottle, 
has always a peculiar ozone-like odour, 

Decomposition of Mercurous Nitrate by Water—Normal mercurous 
nitrate, carefully freed from acid mother liquor, is decomposed by 
water leaving basic mercurous nitrate. The statements in hand-books 
that the salt dissolves completely in a little warm water arises, no 
doubt, from its not haying been freed from acid mother liquor. The 
precipitate of basic salt, even if kept for some hours in an open vessel 
under the mother liquor at or about 100°, but not in a strong light, 
still remains essentially free from mercuric salt. 

Dissociation of Mercurous Nitrate by Heat and by Inght.—The dis- 
sociation of mercurous nitrate at the ordinary temperature in the 
absence of light, if it goes onat all, is soslight as to escape detection. 

About 1 gram of normal hydrated mercurous nitrate, free both 
from metallic mercury and from mercuric nitrate, and 10 c.c. of water 
were put into an Erlenmeyer flask furnished with a reflux condenser, 
and kept immersed in boiling water, a current of carbon dioxide being 
passed through the apparatus so as to exclude air; before very long a 
lustrous, very thin film of mercury could be seen in the lower part of 
the condenser, which became a coating of globules in two hours, 
when the heating was stopped. The basic salts in the flask were 
then dissolved in a little very dilute nitric acid, their solution being 
quickly poured off from the mercury and added to the main quantity 
of solution. The mercury was weighed along with that removed from 
the cordenser, the mercurous sait in the solution precipitated as chlo- 
ride by sodium chloride, and the mercuric salt in the filtrate estimated 
as sulphide. The mercuric sulphide corresponded with 0°0378 gram 
of mercury, whilst that obtained as metal weighed 0:0392 gram, 
the two weights being the same within the limits of experimental 


error. 
A similar experiment was made, the solution being kept in gentle 
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ebullition, but no carbon dioxide was passed through the apparatus, 
the steam of the boiling solution being relied on to keep out air. The 
mercury found as mercuric salt weighed, this time, 0°0913 gram, 
and that as metal 0°0946 gram. 

In a third experiment just enough nitric acid was added (included 
in the 10 c.c.) to keep all the mercurous salt in solution ; the mercury 
volatilised was 0°0345, and that present as mercuric nitrate 0°0415, 
the latter being probably not more than equivalent to the metallic 
mercury, if all had been collected, only 7 milligrams being wanted. 

Three parallel experiments were then made, the flasks being heated 
in boiling water during eight hours, carbon dioxide being passed 
through the first (1), and a gentle current of air through the other 
two (II and III) ; just enough nitric acid to prevent the precipita- 
tion of basic salt was added to the contents of the third flask (III). 


The results were (in grams) 
I. II. ITI. 


Metallic mercury 0°1191 0°1195 01104 
Mercury as mercuric salt 01213 0°1202 0°1065 

In these experiments, one-third of the mercurous nitrate had 
decomposed into mercuric nitrate and metal in I and II, and nearly 
as much in III, where nitric acid had been added. Further, no 
sensible oxidation of mercurous nitrate by air or nitric acid had 
taken place. 

Proust (1816) appears to have known that on boiling a solution of 
mercurous nitrate, mercury volatilised with the steam; but the fact 
of the volatilisation of mercury appears in none of the modern chemi- 
cal dictionaries or hand-books. Rose’s views (Annalen, 1841, 39, 
106) have already been referred to; he is clear on the point that 
mercurous nitrate when continuously boiled with water becomes mer- 
curic nitrate and mercury, but he thought that the insoluble salt 
formed when mercurous nitrate is treated with water contained both 
mercury and mercuric nitrate, which is not the case. 

Although it has not been experimentally proved that mercurous 
nitrate in cold solution is dissociated by the action of light, it may 
be mentioned that exposure to bright daylight soon darkens basic 
mercurous nitrate, as it lies under the mother liquor; and a similar 
effect observed in the case of some other mercurous salts is certainly 
due to dissociation. 

Oxidation of Mercurous Nitrate by Oxygen at 150°.—Three experi- 
meuts were made using 1 gram of mercurous nitrate in each case. 
In I this was heated at 150° for six hours, with water (10 c.c.), in 
a sealed tube, the air in which had been displaced by oxygen. Much 
of the oxygen was absorbed, and 6°5 per cent. of the mercurous 
nitrate converted into mercuric salt, this was partly in solution, partly 
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in the form of brilliant, yellow crystals of basic salt (mercurous and 
mercuric). 

Experiment II was the same as I, except that all the salt was in 
solution in nitric acid of 1 per cent. More than 28 per cent. of the 
mercurous salt became mercuric nitrate. Much oxygen was absorbed, 
but no nitric acid reduced. 

In TII, mercurous nitrate was heated at 150°, with water only, for 
five hours, in an atmosphere of carbon dioxide. It underwent no 
change beyond slight dissociation, the dissociation in the sealed tube 
being impeded by the retention of the mercury vapour. In these 
experiments it is possible that the nitric acid may have acted to a 
small extent as a carrier of oxygen, but as other mercurous salts are 
also oxidisable at 150°, this may be left out of consideration. 

Mercurous Nitrate not sensibly Oxidised by Air at Lower Tempera- 
twres.—As experiments made long ago by Mialhé have been accepted 
as establishing the oxidisability of wet mercurous chloride by air at 
only a slight elevation of temperature, a modification of his experi- 
ment was made in order to test the point in the case of mercurous 
nitrate. 

Three experiments were made as follows :—Two small flasks were 
employed; one (A) of these being closed by a cork, whilst the other 
(B) was provided with a reflux condenser and a tube to pass carbon 
dioxide through the solution. In I, the two flasks (A and B) each 
containing 1°5 grams of mercurous nitrate, and 15 c.c. of water, were 
placed side by side in an oven, and heated for about 45 hours at a 
temperature of 45—47°, carbon dioxide being continually bubbled 
through the mixed solution and precipitate in one of the flasks. 

In II, each flask contained 2 grams of mercurous nitrate, 20 c.c. of 
water, and a little dilute acid, the temperature being 45—50° and 
the time 75 hours. 

Experiment IIT was like II except that the temperature was 20— 
30° and the time 50 hours. 

The quantity of mercury sulphide obtained from the mercuric salt 
produced was determined in each experiment. The following are 
the results, A being the closed flask containing air, and B the one 
through which the carbon dioxide was passed. 


a; II. 
Mercuric { A .-- 0°4040 gram 0:0082 gram. 
sulphide [B........ 00107 _,, 0:0276 


In Experiment I, the amount of mercuric sulphide in B is,24 times 
what it is in A, whilst in IT it is nearly 3} times as great. In III 
the quantities of mercuric sulphide were too small’to weigh, but the 
blacking produced by hydrogen sulphide in B was far greater than 


” 
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in A. This effect is, no doubt, due to the current of inactive gas 
carrying off mercury vapour. 

Mercurous Nitrate changed by Heat and by Light to Mereuric Salt by 
Reduction of Nitric acid. 

Action of Heat.—In a sealed tube and in an atmosphere of carbon 
dioxide, 1 gram of mercurous nitrate, dissolved in 10 c.c. of one per 
cent. nitric acid, and kept at 150° for five hours, was found to be 
largely converted into mercuric salt, some of the nitric acid being 
reduced to nitrous acid. 

Action of Light——One gram of mercurous nitrate dissolved in 
10 c.c. of one per cent. nitric acid was put into each of a number of 
small Erlenmeyer flasks, some closely sealed, and others having the 
mouth covered with filter paper. Most of these were exposed to 
strong daylight, the rest being kept in the dark; other flasks 
containing mercurous nitrate with water alone were also exposed 
to light. The contents of the flasks were examined at the expiration 
of 19 days and 33 days respectively. 

In every case where the flask had been exposed to light, much 
nitrous acid and mercuric salt had been formed, whilst those which 
had been kept in the dark had suffered no change after 19 days, and 
even after 33 days the amount was insignificant, notwithstanding 
that the place where the flasks had been kept was far from being 
absolutely dark. 

In these closed flasks, the mercuric radicle was found ‘to be half as 
great again in 33 days as in open one. Evidently, therefore, aérial 
oxidation plays no sensible part in the conversion of mercurous 
nitrate into mercuric nitrate. Oxygen would seem, indeed, to impede 
the conversion in the absence of basic salt, for, at the end of 19 
days, the conversion to mercuric salt was half as great again in a 
closed flask in which the air had been replaced by carbon dioxide, 
as it was in a closed flask containing air. 

On the other hand, in a flask containing 2 grams of mercurous 
nitrate and 10 c.c. of water, there was found, at the end of 19 days, 
a quantity of mercuric radicle just the same, whether the atmosphere 
were one of oxygen or of carbon dioxide; a similar result was 
obtained after 33 days’ exposure in atmospheres of carbon dioxide 
and air respectively. 

The influence of mercury vapour was also studied. Some of the 
flasks employed had each a bent tube of considerable diameter passing 
through the cork, and, at its outer end, dipping into a vessel of 
mercury. The effect was striking where the experiment lasted for 
33 days. Whether the atmosphere was air or carbon dioxide, the 
production of mercuric radicle was only two-thirds in this mercurial 
atmosphere of what it was in a non-mercurial atmosphere. Some- 
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what similar, but less marked, results were obtained where the 
exposure lasted only 19 days. 

The inhibitory effect of mercury vapour is the same as that of 
free exposure to the open air, the reason being that the nitrous acid, 
produced by_the action of light so slowly as it is, gets diffused away 
on exposure to air, or removed by the mercury vapour, and its accu- 
mulation impeded. It must be remembered that: in these solutions 
the amount of free nitrous acid present must always be very minute, 
a consideration which will explain the resemblance between the effect 
of the action of mercury vapour and that of free exposure to air. 

Experiments of this kind must all be made together, differences 
in temperature and, above all, in the intensity of the daylight having 
a marked effect. The results are appended in a tabular form. The 
numbers in the table are the quantities of mercury found as mercuric 
salt, 0°7143 gram being the total mercury present in each flask (or 
twice that where 2 grams of mercurous nitrate were taken instead 
of 1 gram). 

May 21st— May 21st— July 3rd— 
June 28rd. June 9th. July 23rd. 

With nitric acid : 

0:0377 — — 
0°0543 0°0146 0°0368 


Closed, air, mercury.... 00363 0:0158 
Carbon dioxide 0:0542 0:0240 
Carbon dioxide, mercury 0°0383 0-0201 
0°0285 

lost 
Oxygen, in darkness ... 0° 00000 


Without nitric acid : 
Oxygen (2 grams salt to 
er a 0:0680 


Mercury Sulphates. 


Conversion of Mercurie to Mercurous Sulphate-——It is well known 
that mercuric sulphate and mercury, when rubbed together and 
moistened with water or alcohol and a little sulphuric acid, combine 
readily, but the process, although of great theoretical importance, is 
not a convenient one for the preparation of pure mercurous sulphate. 

Decomposition of Mercurous Sulphate by Water.—It is familiar to 
every chemist that, whereas mercuric sulphate turns bright yellow 
on contact with water, mercurous sulphate remains white, even when 


* The results obtained in oxygen are too marked to be relied on, and need con- 
firmation ; one analysis was spoiled. 
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washed. When mercurous sulphate is precipitated from a solution of 
mercurous nitrate free from mercuric salt and nitrite, by adding to 
it dilute sulphuric acid, and then well washed, a white precipitate is 
obtained, but if this is well shaken twice successively with 1000 parts 
of distilled water, it becomes of a clear, though light, yellow. 

Decomposition of Mercurous Sulphate by Light and by Heat.—In 
the experiments just described, light must be excluded, as mer- 
curous sulphate, when moist, becomes dark brown in a strong light, 
and that which has become yellow by treatment with much water 
becomes first greenish, and then dark brown. It seems safe to 
assume that these colour changes are due to dissociation of the 
mercurous salt into mercuric salt and mercury or a hypomercurous 
salt. As the effect is only superficial, it is too slight to admit of its 
nature being ascertained. 

When the sulphate is boiled with water for some hours, mercurous 
sulphate is converted, to a small extent, into basic mercuric sulphate, 
mercury, and sulphuric acid. The mercury was got as a sublimate, 
the water became acid, and the undissolved sulphate yielded some 
mercuric chloride when treated with hydrochloric acid. 

Oxidation of Mercurous Sulphate at 150°.—Heated for six hoars in 
oxygen, with water and a little sulphuric acid, in a sealed tube at 
150°, 1 gram of mercurous sulphate gave no mercury, but 0°0121 
gram mercuric radicle, indicating the oxidation of 1°5 per cent. of 
the mercurous sulphate. Owing to its insolubility, much of the 
sulphate is kept out of contact with the oxygen, and is not acted on, 
the same being true of the phosphate and chloride. 

Rose observed the dissociation of mercurous aman by boiling it 
for a long time with much water. 


Mercury Phosphates. 


Conversion of Mercuric into Mercwrous Phosphate-—Moist mercuric 
phosphate, triturated with its equivalent of mercury, unites with it, 
growing warm, and becomes mercurous phosphate, at all events for 
the most part. Moist mercurous phosphate is darkened by light. No 
attempt was made to decompose it by cold water. 

Dissociation of Mercurous Phosphate by Heat.—Mercurous phos- 
phate was obtained by adding a solution of mercurous nitrate to a 
good excess of sodium phosphate solution acidified with nitric acid ; 
the precipitate was then washed and dried onatile. When this salt is 
boiled for six hours, a small sublimate of mercury was obtained and 
the phosphate became pale yellow from the presence of basic salt; 
the liquid was acid and contained both mercuric and mercurous 
phosphates dissolved in phosphoric acid, or as acid phosphates. Rose 
got very similar results, and Gerhardt observed that mercurous 
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phosphate when heated dry is converted into mercuric phosphate and 
mercury. 

Oxidation of Merewrous Phosphate—When heated at 150° in oxygen, 
mercurous phosphate was oxidised to much the same extent as the 
sulphate. 

Mercury Acetates. 

Conversion of Mercuric into Mercurous Acetate.—A cold dilute solution 
of mercuric acetate shaken violently with much mercury is readily 
and rapidly converted into mercurous acetate; Lefort (Annalen, 
1845, 56) states that it requires long boiling to effect the change, 
which is incorrect, as mercurous acetate dissociates easily. 

Dissociation of Merewrous Acetate by Heat and by Light.—It has long 
been known that mercurous acetate yields a little mercury when its 
solution is boiled. Berthemot (1848) definitely states that mercurous 
acetate is partly decomposed by boiling water into mercury which 
separates and mercuric acetate which dissolves. 

I find that mercurous acetate dissociates so freely when boiled with 
water, that the mercury not only volatilises with the steam, but collects 
in globules under the solution. Both the portion of the salt which 
remains undissolved and also that which crystallises out on cooling 
are mixtures of normal and basic mercurous acetates, the mother- 
liquor containing much mercuric acetate. The addition of acetic 
acid before boiling does not sensibly affect the dissociation, though it 
prevents the formation of basic salt. 

Vogel has stated that sugar boiled with mercurous acetate yields 
mercury, but I find that the presence or absence of cane sugar 
makes no difference. Comparative experiments made with 1 gram of 
mercurous acetate in 10 c.c. of water and in 10 c.c. of a strong solu- 
tion of sugar, raised to the boiling point and then cooled, gave 0°0627 
gram and 0°0612 gram of mercuric sulphide respectively. 

It is known that mercurous acetate is very sensitive to light. 
Some exposed under water to sunlight for four days, was strongly 
blackened, and the solution contained mercuric acetate. In a com- 
parative experiment where light was excluded, the mercurous acetate 
was scarcely changed in colour. 

Oxidation of Mercurous Acetate—When mercurous acetate is heated 
at 150° with water and oxygen in a sealed tube for some hours, much 
of the oxygen is absorbed and mercuric acetate formed. Only a 
little of the metal separates. 


Mercury Perchlorates, Oxalates, and Carbonate. 
With regard to the perchlorates (see Chikashigé, Trans., 1895, 67, 
1013). It is known that mercurous oxalate when heated at 100° 
changes partly into mercury and mercuric oxalate. 
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The decomposition of mercurous carbonate-is so intimately con- 
nected with that of the oxide, that it will be noticed in that con- 
nection. 


Mercury Chlorides. 


Conversion of Mercuric into Mercurous Chloride—A solution of 
mercuric chloride, when shaken with a large excess of mercury, is 
quickly converted into mercurous chloride; the conversion, how- 
ever, cannot be completed in the presence of much alkali chloride. 
This process is not, indeed, well adapted to the preparation of 
mercurous chloride, but as a mode of its formation, is only second in 
scientific importance to the union of chlorine with mercury. 

Dissociation of Mercwrous Chloride by Heat.—The experiments on 
the dissociation of mercurous chloride were carried out in a manner 
closely resembling those made on the nitrate. 1 gram of freshly 
precipitated mercurous chloride in 10 c.c. water was heated in a 
flask immersed in boiling water; it gave a sublimate of mercury in 
the condenser tube, and mercuric chloride was found in the solution. 
The results are given in the table. In Experiment I, a current of air 
was passed during the time of heating which was 7 hours. In II, a 
current of carbon dioxide was used instead of one of air, whilst in 
Experiment III, a little hydrochloric acid was added to the water, and 
a current of air was used, the time of heating being 8 hours. In 
Experiments IV and V, a dilute solution of potassium chloride was 
used instead of water. In IV, air was passed, and in V, carbon 
dioxide, the heating being 6 hours in both cases. The effect of the 
potassium chloride on the dissociation was marked. 

I. II. III. IV. V. 

Metallic mercury 

sublimed ........ 0°08 0:08 01305 01763 0°16 
Mercury as mercuric 
salt..s.eeeceeeeee 0°0983 0:1008 01307 01923 01823 


In all these experiments minute globules of mercury were visibly 
mixed with the mercurous chloride, accounting for the deficiency 
in weight of the sublimed mercury. The results of the carbon 
dioxide experiments show that little, if any, oxidation could have 
occurred in the air experiments. 

Mercurous Chloride not changed by Boiling Water except that it slowly 
disappears as Mercury and Mercuric Chloride.—If shaded from day- 
light and contained in a porcelain or hard glass vessel, mercurous 
chloride may be boiled with distilled water, as long as any of it 
remains, without suffering any change in appearance or composition. 
Simon and Ginboch both noticed that when mercurous chloride is 
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boiled with water in an open vessel, it disappears very slowly, the 
undissolved portion consisting of unaltered mercurous chloride. 

Notwithstanding statements to the contrary, there is no evidence 
whatever that in the decomposition of mercurous chloride into mer- 
curic chloride which takes place when it is boiled with dilute hydro- 
chloric acid, any oxidation takes place, dissociation fully accounting 
for all the facts observed. 

Mialhé found that mercurous chloride gave more mercuric chloride 
in an open vessel than in one which was closed; this was, no doubt, 
due to the fact that dissociation could proceed in the former case, 
whereas the retention of the mercury vapour in the closed vessel 
stopped it, as is shown by what follows. 

Mercurous Chloride not sensibly Oxidised at Lower Temperatures.— 
Mialhé’s experiments were repeated with the crucial modification of 
using a current of carbon dioxide instead of air, the method being 
precisely like that employed in the case of mercurous nitrate (p. 1670). 
The two flasks were heated at about 50° for 45 hours. The result 
was less marked than in the case of the nitrate, the mercuric chloride 
produced being exceedingly small in quantity. The water from the 
flask through which carbon dioxide had been passed gave a marked 
blackening with hydrogen sulphide, whilst that which contained air 
and had been kept closed, gave only a moderate browning. This 
confirms Mialhé’s results, in so far as it shows that much more mer- 
curic salt is produced in a current of gas than in a closed space. 

Oxidation of Mercurous Chloride at 150°.—Although mercurous 
chloride is not sensibly oxidised by air at temperatures as high as 
100° at least, it is readily oxidised at 150°; when heated with 
water for six hours in an atmosphere of carbon dioxide, in a sealed 
tube, there was scarcely any change, dissociation being hindered by 
the retention of the mercury vapour. Using a.3°7 per cent. solution 
of hydrochloric acid and a 6°5 per cent. solution of potassium chlor- 
ide instead of water, there was a small amount of dissociation into 
mercury aud mercuric salt. Very different were the results when the 
air of the tube had been displaced by oxygen before sealing ; the amount 
of metallic mercury under these circumstances was very small, but 
much mercuric salt was formed. When water alone was used, and the 
heating lasted six hours, the mercuric chloride was found partly in solu- 
tion, and partly as brown, brilliant, micaceous scales of oxychloride. 
When the water contained hydrochloric acid in one case and potas- 
sium chloride in another, in the proportions given above, all the mer- 
curic salt was found in the solution. In all cases there had been a 
large absorption of the oxygen. In presence of hydrochloric acid, 
using 1 gram of mercurous chloride, as much as 47°5 per cent. 
became mercuric chloride, whilst in the potassium chloride solution 
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it was 19 percent.; in the latter experiment the solution was strongly 
alkaline. In another experiment, where it was heated with 50 c.c. 
of the 3°7 per cent. of hydrochloric acid during 10 hours, 60 per 
cent. of the mercurous chloride was changed into mercuric. chloride. 
In the potassium chloride experiment, there was more dissociation 
than when hydrochloric acid was used, as shown by the greater sepa- 
ration of mercury. 


Mercury Bromides and Iodides. 


No new experiments upon the bromides and iodides seemed called 
for, it having becn proved that mercurous bromide dissociates in hot 
solutions of alkali bromides, and mercurous iodide decomposes in 
solution of potassium iodide, also that the latter may be formed by 
rubbing mercury and mercuric iodide together. 


Mercurous Oxide and Carbonate. 


It has long been known that mercurous oxide decomposes more or 
less at the common temperature into mercuric oxide and mercury, 
and in 1883 Barfoed proved that the black substance produced by the 
action of alkalis on mercurous salts is, at first, real mercurous oxide 
for the most part, although almost at the moment of its production, 
it contains metallic mercury and, therefore, mercuric oxide. When 
freely exposed to the air, metallic mercury volatilises, the mercurous 
oxide also gradually disappears, and, finally, nothing but mercuric 
oxide remains, the mercurous oxide, no doubt, continuing to decom- 
pose into mercury and mercuric oxide. 

I made two experiments by exposing mercurous oxide in cold, dry 
weather to the air, in open vessels. The average increase in weight 
per diem was (1) 0°025 per cent., and (2) 0°025 per cent.; this rate of 
increase, which represented the joint effect of gain of oxygen and 
loss of mercury, though not very regular, did not become less 
towards the end of the exposure than it was on the first days. 

In a third experiment the oxide was spread over a glass dish, after 
it was thoroughly dry. In a desiccator it decreased in weight, but only 
0:001 per cent. in 13 days, which seems to prove that dry mercurous 
oxide does not oxidise in dry air. The same portion was then 
exposed freely to cold, dry air for 14 days, during which time it lost 
in weight at the rate of 0°004 per cent. per diem, as the combined 
result of loss of mercury and gain of oxygen. The oxidation of 
mercurous oxide is, therefore, a very slow process. So far as can be 
ascertained, this oxide is the only mercury compound that does 
oxidise at the common temperature, or even at 100°. 

Mercurous carbonate is formed when moist mercurous oxide is 
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exposed tv carbon dioxide gas (Barfoed). In the air it slowly decom- 
poses into carbon dioxide, mercury, and mercuric oxide. 


Non-existence of Mercurous Sulphide. 


English authorities agree in stating that when mercurous nitrate 
is added to excess of hydrogen sulphide, it yields mercurous sulphide, 
which begins at once to decompose, yielding a mixture of mercurous 
and mercuric sulphides, with metallic mercury. Continental writers 
generally have accepted Barfoed’s experiments, showing that hydro- 
gen sulphide at once converts a mercurous salt into mercury and 
mercuric sulphide, and therefore that mercurous sulphide has no 
existence.* 

I find that if the black precipitate produced by hydrogen sulphide 
in mercurous nitrate solution is digested with cold, nitric acid, it 
quickly begins to whiten, being converted into mercuric-sulphide- 
nitrate. Moreover, if the moist precipitate is washed on a filter 
several times successively with small quantities of nitric acid of 
sp. gr. 1:2, the mercury cannot be completely separated from the 
mercuric sulphide. 

The freshly prepared black precipitate is quickly acted on by a 
solution of mercuric nitrate, the products being mercurous nitrate 
and mercuric-sulphide-nitrate. But although the two components 
of the mixture cannot be quantitatively separated, the fact remains 
that mercury and mercuric sulphide together behave just as 
does the supposed mercurous sulphide. Thus, cold nitric acid, 
sp. gr. 12, does not, by itself, convert precipitated mercuric sulphide 
into the white sulphide nitrate; but does so if some mercury is 
present. It is known, too, that mercuric sulphide is whitened by 
digestion with a solution of mercuric nitrate. 

For particulars of early work on the subject of this paper, Gmelin’s 
Handbook may be consulted. 

In conclusion, I wish to record gratefully my indebtedness to 
Dr. Edward Divers for his guidance in carrying out this research. 


Imperial University, 
Toky6, Japan. 
* The author appears to have overlooked the paper by Antony and Sestini 


(Gazzetta, 24, i, 193), an abstract of which is to be found in the Society’s Journal 
(Abstr., 1894, ii, 318).— [Ep1ror. ] 


1679 


CXV.—Solution and Diffusion of certain Metals and 


Alloys in Mercury. (Second Paper.) 
By W. J. Humpureyrs. 


In a previous communication (Trans., 1896, 69, 243), I gave the 
results of an examination of the solution and diffusion of bismuth, 
copper, lead, silver, tin, and zinc in mercury. The present paper 
zontains the results of a similar investigation with aluminium, anti- 
mony, cadmium, magnesium, thallium, and a few alloys. 

The method of investigation was the same as before; that is, to 
fill an upright vessel of uniform cross section with pure mercury, 
place on the free surface of the mercury a solid piece of the metal to 
be examined (freshly amalgamated at the surface of contact), and, 
after allowing the whole to remain a certain length of time in a 
place free from disturbances, and of fairly constant temperature, to 
take, through properly constructed side tubes at definite depths 
below the surface, samples of the mercury, and examine them for the 
foreign metals carried down by diffusion. 

For a detailed description of the two classes of mercury tanks 
(glass and wooden) used, and of the method of drawing off the 
samples for analysis, reference is made to the previous paper. The 
cross sections of the mercury columns of the wooden tanks, A and B 
of the table, were each squares of 25 mm. on the side, whilst those 
of the glass tanks, C and D of the table, were circles 25 mm. in 
diameter. In all the experiments, the distance from the surface of 
the mercury to the first side tube was 25 mm.; this was also the 
distance from the first tube to the second, from the second to the 
third, from the third to the fourth, and from the fourth to the bottom 
of the tank. 

Some difficulty was found in experimenting with aluminium, 
owing to the rapid oxidation of its amalgamated surface, which soon 
separated it from the mercury. However, after several fruitless 
trials of different kinds, it was found that one way to prevent this 
trouble was to cover the aluminium immediately after putting it on 
the mercury with soft petroleum vaseline that had been freed from 
water by boiling. At the end of six days, a large portion at least of 
the amalgamated surface was still in contact with the mercury, but, 
as shown in the table of results, the solution and diffusion was so 
slight that it was impossible to detect the aluminium 25 mm. from 
the surface. 

In the case of antimony, the amount that went into solution, 
although it was distinctly present, was so exceedingly small, that it 
seemed best to report it as a mere trace. 
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It will be seen from the table that cadmium dissolves in mercury 
to a considerable extent, and diffuses through it quite readily. It 
seems from the results that no cadmium amalgam heavier than 
mercury (though cadmium is said to form such an amalgam) is 
obtained under these conditions, or, if obtained, that it is quickly 
changed to one lighter than mercury. The process of analysis was 
to volatilise most of the mercury, and to dissolve the remainder, 
rich in cadmium, in nitric acid, evaporate slowly to dryness in a 
platinum dish, then gently, and at last strongly, heat, thus getting 
rid of the oxide of mercury and leaving the oxide of cadmium, from 
which the percentage of cadmium in the original weighed sample of 
amalgam could be calculated. 

The peculiar behaviour of magnesium amalgam led at first to a 
few disappointments, although the method finally adopted left but 
little to be desired. ‘The amalgamation was obtained by placing the 
magnesium in contact with a small globule of mercury, and heating 
them until the latter began to volatilise quite freely. In this way a 
small amalgamated spot was obtained, which, by the gradual addi- 
tion of more mercury, could readily be extended to any size desired, 
even at a temperature much lower than that at which the amalgama- 
tion began, although not (in open air) below that of boiling water. 
The amalgamated surface remained bright, and readily tcok up addi- 
tional mercury so long as the temperature was kept up to or above 
100°, but on cooling below this point it rapidly tarnished, and then 
refused further union with mercury. It was found that if a piece of 
amalgamated magnesium be left in the open air, it will slowly 
increase in bulk to several times its original size, meanwhile assuming 
a shape suggestive of some vegetable growth, the colour being any- 
thing, from a medium grey, to a dull or lustreless black approaching 
closely that of lamp-black. It is well known that magnesium amal- 
gam acts violently on water, forming hydrogen and magnesium 
hydroxide, and it was found that the same action takes place in the 
air, unless absolutely dry, in which case there is no action. It is 
the hydrogen thus formed that causes the mass to swell up and 
assume a plant-like form. The dark colour is due to excessively 
finely divided mercury. 

From the above, it is evident that success in the diffusion experi- 
ment depended on keeping all traces of moisture away from the 
amalgamated magnesium. It may be worth while to state that it 
was found that the amalgamated surface would remain bright indefi- 
nitely under melted paraffin, and that additional mercury would sink 
through the paraffin and adhere to this surface at once. However, 
the temperature at which solid paraffin melts excluded its use in the 
diffusion experiment. The substance used was semi-fluid vaseline 
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that had been well freed from moisture by boiling. Before the freshly 
amalgamated magnesium had cooled to 100°, it was placed in a bath of 
melted vaseline, and, when it had cooled to about the temperature of 
the room, it was transferred to the diffusion tank, where its union 
with the mercury was easily obtained; it was then covered with 
additional vaseline and left the desired length of time. It was also 
found necessary to boil the wooden rods (see description of apparatus 
in previous paper) used to close the side tube, in vaseline, because, 
when this was not done, the small amount of moisture in them acted 
on the amalgam and prevented it from running out when they were 
withdrawn. 

Of course, the amalgam tarnished instantly when it was drawn out 
into the side tubes, but it was all washed out and digested for some 
time in warm dilute hydrochloric acid; in this way, all the magne- 
sium was dissolved, and the pure mercury was then collected, dried, 
and weighed. The magnesium was determined in the usual way as 
pyrophosphate, and, from the data thus obtained, the percentage of 
magnesium in the original amalgam was calculated. 

No trouble whatever was found in amalgamating thallium, but the 
tabulated results for it are probably too low: first, because it had all 
completely dissolved in the mercury before the samples were with- 
drawn, which was not the case with any other metal examined; and, 
secondly, because the method of separation from the mercury gave 
results which were probably somewhat low. The method was as 
follows: After most of the mercury had been separated by distilla- 
tion, the remaining amalgam was dissolved in nitric acid and the 
mercury precipitated by sulphuretted hydrogen, and from the filtrate 
the thallium was separated as thallious iodide by the method given 
by Crookes. Sulphuretted hydrogen does not precipitate thallium 
when alone in a nitric acid solution, although a small amount of it 
may come down with the sulphide of mercury. At any rate, two 
test analyses were made in this way, and each gave results somewhat 
more than 3 per cent. too low. Want of time prevented a further 
examination of the above method of separating thallium and mercury, 
as well as a search for any other. 

Several alloys were examined, and of these the alloy of approxi- 
mately equal parts of lead and tin dissolves more readily, and the 
constituent metals diffuse more rapidly, than does either of them 
separately. The same seems true of the alloy of equal parts of 
cadmium and lead, but it is probably not true of the alloy of equal 
parts of cadmium and zinc, although this, too, dissolves and diffuses 
quite freely. 


In the case of the above amalgams, the mercury was removed by 
distillation as far as was possible without loss of the dissolved metals 
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occurring. The residual lead and tin amalgam was then treated 
with nitric acid, which dissolved the lead and mercury, but left the 
tin in a form from which it was obtained as the oxide. To the 
filtrate containing the mercury and lead, sulphuric acid was added, 
and the lead estimated as sulphate in the usual way. The separation 
of the lead and cadmium from the remaining mercury and from 
each other was effected by dissolving them in nitric acid, evaporating 
to dryness, driving off the mercury by heat, and leaving the lead and 
cadmium as oxides; these were again dissolved in nitric acid, the lead 
precipitated as sulphate, and from the filtrate the cadmium was thrown 
down as sulphide. The amalgam of zinc and cadmium was dissolved 
in nitric acid, evaporated to dryness, and the mercury volatilised ; the 
residual oxides of zinc and cadmium were then dissolved in nitric 
acid, from which the cadmium was obtained as sulphide; and on 
evaporating the filtrate to dryness and heating, the zinc was obtained 
as oxide. 

One experiment was made with speculum metal, but it was not 
entirely satisfactory, owing to the fact that, after standing between 
seven and eight days, the tank began to leak, and continued to do so 
until about half the mercury had run out. However, careful examina- 
tion failed to show a trace of copper or tin either in the portion which 
had run out or in that which still remained in the tank. Solution 
and diffusion in this case was certainly very slight, although the amal- 
gamation was excellent. 

As shown by the table, the alloy consisting of 90 per cent. of copper 
and 10 per cent. of tin gave a diffusion of copper only. The amount 
of copper found was just the same as if pure copper, instead of the 
alloy, had been used. 

The behaviour of brass in this respect was also tried, and found to 
be very interesting. The sample used was made for the occasion 
from nearly equal parts, by weight, of electrolytically prepared 
copper and chemically pure zinc. The brass was cast and then cut 
open, so that the surface to be amalgamated should come from the 
interior. Although it amalgamated with the greatest ease, not a 
trace of either zinc or copper could be found at the end of fifteen 
days in any part of the mereury which was 3 mm., or more, from the 
brass. Of course there may be an exceedingly slow solution and 
diffusion of the brass, or of its constituents, and an experiment is 
now in progress to test this point. 

The behaviour of brass suggested trying the diffusion of copper 
through a uniform zinc amalgam, the ratio of the mercury to the zinc 
being, approximately, 1000 to 1; the diffusion of copper through 
this amalgam, however, was sensibly the same as through pure 
mercury. 
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1t will be noticed that, of the alloys used, those which dissolve and 
diffuse readily in mercury, namely, the alloys of lead and tin, of lead 
and cadmium, of cadmium and zinc, are all believed to be mere 
mixtures, whilst speculum metal and brass, which certainly do not 
dissolve and diffuse in mercury with anything like the ease with 
which the individual constituents do, are probably true chemical 
compounds. Possibly, the alloy of copper and tin that gave a diffu- 
sion of copper only consisted of a compound of copper and tin with 
an admixture of copper. 

It would seem, from the behaviour of the alloys examined, that 
solution and diffusion in mercury may serve in many cases to distin- 
guish between mere mixtures and true compounds, and, in the latter 
case, to determine when an excess of one of the constituents is 
present. 

The results for magnesium, cadmium, and thallium are represented 
graphically by two sets of curves (p. 1684). Those to the left of the 
median line have for abscisse the depths, in millimetres, below the 
surface of the points from which the samples were taken, and for 
ordinates the percentages of the metalsfound. The time, in days, of 
diffusion is marked on each of these curves. The other curves, those to 
the right, have for abscisse the time, in days, of the diffusion, and for 
ordinates the percentages of the metals found; the depths, in milli- 
metres, are marked on these.curves. In the cases of magnesium and 
thallium, the curves to the right are drawn in part from analogy to 
the corresponding curves for other metals, and are necessarily imper- 
fect, since only two points on them are known. 

The extent to which a metal dissolves in mercury, that is, the per- 
centage of it in the saturated solution, at the temperatures at which 
I worked ; and the amount of it that will dissolve in a given time, 
when undisturbed, in a mercury column of infinite extent (a func- 
tion of the coefficient of diffusion), seem to be in some measure 
functions of its position among the elements. Whether the relations 
in these respects among the elements be accidental, despite their 
regularity, or essential I do not pretend to judge, but simply call 
attention to the fact, hoping that they may suggest further work, 
since every relation between the elements, when once established, 
must give a clearer conception of them, and, perhaps ultimately of 
the nature of matter itself. 

The metals used were selected chiefly with a view to the ease with 
which they amalgamate, but it will be noticed that, like mercury 
itself, they all belong to the uneven series of the Mendeléeff table. 
If we consider those metals that belong to the same group, it will be 
seen that the solution and diffusion increase with increase of atomic 
weight Thus in GroupI the solution and diffusion of copper are 
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less than those of silver, which in turn, from the results of Dudley, 
(Proceedings of American Association for the Advancement of Science, 
1889), are less than those of gold (a saturated solution of gold in 
mercury contains about 0°06 per cent. gold). In Group II, the order of 
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increase in the magnitude of these results is given by the following 
order of the elements, namely: maguesium, zinc, cadmium, and 
mercury (considering mercury to dissolve in mercury) Group HI 
gives the order aluminium, indium (examined as to solution only), 
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thallium. Group IV gives the order tin and lead. Group V gives 
the order arsenic (examined as to solution only), antimony, and bis- 
muth, 

Again, if we consider the different series, we find the greatest 
values belonging to the metals of the mercury group, and the further 
away, in respect to valency, a metal is from this group the less its 
solution and diffusion in mercury. Thus the values for magnesium 
are greater than those for aluminium. The values for copper are 
less than those for zinc which in turn are greater than those for 
arsenic. So too the values for silver are less than those for 
cadmium, from which the order of decrease is indium (probably), 
tin, and antimony. Indium amalgamates with the greatest ease, 
and certainly dissolves to a greater extent than tin, possibly to evena 
greater extent than cadmium, but I cannot speak definitely on this 
point as I had not enough indium at command to test this point 
fully. Finally, the values for gold are less than those of mercury. 
from which there is a decrease in the order of thallium, lead, and 
bismuth. These results are shown in the table of elements examined 
(p. 1691), the arrows pointing in the direction of increase in solubility 
and diffusion, with the possible exception of indium as explained 
above. 

Attention should be called to the fact that Dr. Guthrie (Phil. Mag., 
1883, 16, 321), obtained values for the solution and diffusion of 
sodium and potassium greater than my values for either copper or 
silver. This seems to be at variance with the law of increase of solu- 
tion and diffusion with increase of atomic weight of elements cf the 
same group—or rather of the same half of a Mendeléeff group. 
Possibly the law does not hold for sodium when compared with 
copper, silver, and gold, but it should be remembered that Dr. 
Guthrie worked with a sodium amalgam, whilst my work was done 
with solid pieces of the metals, and consequently a comparison can 
scarcely be made. 

It may be worth while to state that those metals whose particles 
move through mercury with the greatest velocities, all belong to the 
first group. In my previous communication I called attention to the 
relatively great velocity of copper, and especially of silver; a small 
amount at least of sodium and potassium also moves through mercury 
with great velocity, as shown by some of Dr. Guthrie’s (ibid.) 
experiments. At present I do not know with what velocity gold 
diffuses through mercury, though from the above facts it might be 
expected to diffuse very: rapidly. 

I trust that I shall be able, at an early date, to take this whole 
matter up in much greater detail, since all my results so far must be 
regarded as preliminary, although I hope they may serve to point 
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out lines of further investigation and even to indicate more or less 
clearly in some cases the results that may be anticipated. 


TaBLe of Elements examined, showing Relative Extent of their Solution 
and Diffusion in Mercury. 
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This investigation was originally suggested to me by Dr. J. W. 
Mallet, of the University of Viginia, and the results of the present 
communication were obtained there under his supervision during 


the summer of 1896. In closing I wish to thank him for his constant 
interest in this work and for his kind and valuable assistance. 


CX VI.—The Identity of Dextrose from Different Sources, 
with Special Reference to the Cupric Reducing 
Power. 

By Cornettus O’Suttivay, F.R.S., and Artuur Il. Stern, D.Sc. 


THE numerous, and often discordant, numbers which different ob- 
servers have published as representing the cupric reducing power of 
dextrose, as well as other facts which have been brought under our 
notice, led us to speculate on the possible existence of two or more 
dextroses, which, although closely agreeing in most of their proper- 
ties, might yet differ in others. In order to elucidate this point, we 
prepared specimens of dextrose from different sources, and examined 
their principal properties. 

The specimens were purified by repeated crystallisation from dilute 
methylic alcohol until the successive crops which separated from the 
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solution possessed the same properties. Those carefully determined 
were : 
I. The specific gravity of the aqueous solution, 
II. The specific rotatory power. 
III. The cupric reducing power. 


I. The specific gravity was determined at 15°5°, compared with that 
of water at the same temperature, which was represented as 1000. 
For purposes of comparison, we divide the excess of the specific 
gravity of the sugar solution over 1000 by the number of grams of 
sugar dissolved in 100 c.c., and the factor thus obtained is called the 
divisor, and denoted by D; it varies, of course, with the concentration 
of the solution. For any one sugar, the factor is a convenient indi- 
cator of the dryness. 

II. The specific rotatory power was determined by means of a Laurent 
(sodium flame) polarimeter in a tube 200 mm. long at 15°5°, and cal- 
culated in the usual way. 

III. The cupric reducing power was determined according to the 
directions previously laid down by one of us (O’Sullivan, J. Chem. 
Soc., 1876, ii, 125). As is well known, the amount of reduction varies 
materially according to the conditions of experiment, and, con- 
sequently, we took especial care to work always under the same 
conditions, which were as follows: 

The Fehling solution was prepared immediately before use ; 30 c.c. 
were diluted with 30 c.c. of water, and placed in a boiling water 
bath ; from 0°12 to 0°13 gram of the dextrose under examination 
was weighed into a small beaker, dissolved in 30 c.c. of water, and 
the solution raised to the boiling point and quickly added to the hot 
Fehling solution ; the reduction was allowed to proceed in the water 
bath for about 10 minutes, and the precipitate filtered off by means of 
a Soxhlet tube; washed with water, alcohol, and ether; dried in a 
water oven, and weighed as cuprous oxide. We proved by the fol- 
lowing experiments that no oxidation of the cuprous oxide takes 
place under these conditions : 

I. 0°1796 Cu,O yielded 0°1590 Cu. Theory, 0°1594 Cu. 
II. 01822 ,, ~ 06s, » 01617 ,, 

ITI. 0°2925_ ,, » 0°2600 ,, » 02596 ,, 

The Soxhlet tube employed in these experiments has been modified 
by the insertion of a piece of platinum gauze at the point marked A 
in the figure. This renders the usual constriction at the base of the 


zi 
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tube unnecessary. The filtering material is composed of the usual 
layer of fine asbestos. This modification has been found easier to pre- 
pare for filtration, and much more rapid in action than the usual form. 

In calculating the results, it has been found convenient to adhere 
to the method laid down in the paper above referred to, and to cal- 
culate the “K” on the assumption that 1 gram CuO is reduced by 
04535 gram of dextrose (1 gram Cu,0 = 0°5045 gram dextrose). 

The first specimen of dextrose examined had been prepared many 
years ago from the inversion products of cane sugar; whether the 
cane sugar was derived from the sugar cane or the sugar beet we 
cannot now say. The crude dextrose was fractionally crystallised 
from dilute methylie alcohol, and eight crops were obtained, which 
were examined with the following results : 


Grams per K. 
Crop. 100 c.c. D. [a]p. ~ A ~ 
1 5359 3°805 543 103°3 — 
z 6°489 3°840 53°6 100°8 99-9 
3 4-490 3°840 53°5 105°3 103°8 
f 4700 3°£49 53°2 104°6 1045 
5) 4°643 3°834 53°0 103°0 106-0 
6 4335 3°834 49°6 — — 
7 5°703 3°823 50°6 — — 
8 5693 3°820 50°5 a _- 


These experiments indicate that the product from which these 
crops were obtained was not pure. The next step was to recrys- 
taliise them with a view to obtaining a pure sugar. 

Crop 1 was dissolved in dilute methylic alcohol, and a small crop 
(9) separated. 

Crops 2, 3, 4, and 5 were mixed, dissolved in dilute methylic 
alcohol, whereby crops 10 and 11 were obtained, the latter amounting 
to nearly half the original mixture. 

Crops 6, 7, and 8 were in the same way recrystallised, a crop (12) 
being obtained amounting to rather more than one-half of the original 
mixture. 

These crops were examined with the following results : 


Grams per K. 

Crop. 100 c.c. D. {a]p. r A ~ 
9 5°661 3°835 53°0 104°9 _— _— 
10 10°502 3°814 52°8 1041 — 105°9 
1l 10-088 3°825 52°4 1029 1046 1042 
12 9°715 3°832 52°6 103°9 —_ 102°6 


We have here, without question, in these four crops, one and the 
same substance in a state of practical purity, having [a}p = 52°7 and 
K = 1040. 
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The next specimen of dextrose was prepared from a fairly pure 
commercial sample of cane sugar prepared from the sugar-beet. 
1000 grams were inverted by yeast at 60°, the inversion being normal. 
The filtered inverted syrup was concentrated under diminished pres- 
sure, dissolved in methylic alcohol, and from this a crystalline crop 
soon separated; this was recrystallised several times from dilute 
methylic alcohol, and ultimately 130 grams of dextrose were ob- 
tained (crop 13). This was divided by fractional crystallisation from 
methylic alcohol into three crops (14, 15, and 16), which were 
examined with the following results: 


Grams per K. 

Crop. 100 c.c. D. [a}p. — - 
13 8968 3°822 52°7 105°0 106°3 
14 10°154 3°823 52°3 105°4 1050 
15 10°392 3°830 52°8 104-2 103°7 
16 9°667 3°827 52°5 104°4 103°7 


These figures show that the whole crop (13) of purified dextrose 
was a pure substance, having [a]p) = 52°6 and K = 104°7. 

The next specimen of dextrose was prepared in exactly the same 
way from a sample of cane sugar obtained from the sugar cane. The 
purified dextrose was fractionally crystallised, yielding two crops, 
which were examined with the following results : 


Grams per K. 
Crop. 100 c.c. D. [a]p. r ”~ ~ 
17 9:097 3°839 52°6 — 1049 1040 1042 


18 9-004 3°814 52°6 103°7 1046 105°4 105°3 

These are evidently fractions of a pure substance having [2]p = 
52°6 and K = 1046, and are identical with the pure dextrose already 
prepared. 

The next specimen of dextrose was prepared from maize starch. 
A 25 per cent. starch-milk was acted on by 2 per cent. sulphuric acid 
at 100° for three hours, and the solution, after removal of the 
sulphuric acid by baryta, was concentrated under diminished pres- 
sure, and the syrup dissolved in methylic alcohol. The dextrose was 
obtained in six crystallised crops. They were examined with the 
following results : 


Grams per K.* 

Crop. 100 c.c. D. [a]p. cr x -\ 
19 7974 3°798 53°3 101°7 102°1 
20 9°460 3°809 54:2 102°3 101°3 
21 8°429 3°800 54°6 100°1 101°5 
22 8169 3°826 54°8 101°7 102-2 
23 8183 3°823 55°0 99°7 99°4 
24 9°054 3°829 55°0 —_ —_ 


* We have in the K of these fractions at least some explanation how it was that 
the K of dextrose was put down at 100. 
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The syrup from which these separated was evidently a mixture ; 
the fractions were mixed and recrystallised. Two large crops were 
obtained, which were examined as follows : 

Grams per K. 
Crop. 100 c.c. D. [@]p. - A ~ 
25 8°378 3°823 52°8 103°7. 105°2 105°2 
26 8:279 3°830 52°5 1042 1050 1052 

These two are evidently one and the same substance with [a]p = 
52°65 and K = 1047; and are identical with the pure dextrose pre- 
pared from cane sugar. 

Lastly, a specimen of dextrose was prepared from the inversion 
products of lactose. 

A solution containing 25 per cent. of pure lactose and 2 per cent. 
of sulphuric acid was heated at 100° for two hours. The sulphuric 
acid was then separated by baryta, and the filtered solution concen- 
trated, under diminished pressure, to a syrup which soon solidified ; 
on treating this with methylic alcohol, the dextrose dissolved, 
leaving a residue of galactose. The dextrose was then recrystal- 
lised from water and examined, with the following results : 

Crop 27. 8°027 grams per 100 c.c. D = 3°834. [a]p = 53:2, 
agreeing fairly closely with the factors obtained above. It was 
recrystallised from methylic alcohol, when a first and large crop gave : 
Crop 28. 8210 grams per 100 cc. D = 3°829. [a]p = 52°4. 

K = 106°2, 104-7, 105°4, 105°6, 103°6, 105°2. 

The experiments show that the samples of carefully purified 
dextrose prepared from four different sources gave the following 
average results : 


Dextrose from cane sugar (of unknown 
origin).... [@]p = 52°77, K = 1040 


. » oo» 9» (from sugar- 


cane)...... [alp = 52°6, K = 1047 
ss ‘os a » (from sugar- 

beet)...... [a]p = 52°6, K = 1046 
- » maize starch........... . [aly = 52°65, K = 1047 
- — rey er rer yer . [aly = 52°4, K = 1051 


It is evident that all these dextroses have the same optical activity 
and K, and are apparently identical. 

The average of the above described experiments, and many others 
which we have not thought it necessary to record, give the following 
divisors for the specific gravity : 

5°0 grams per 100 c.c........... 3°840 
75 a ge te eben cees 3°833 
100 _ ,, ie 
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The figures which we have obtained for the cupric reducing power 
are higher than those which were given in the paper previously 
referred to; the latter were made over 20 years ago, when the appli- 
ances for purifying the sugar were very imperfect, and the limitations 
of the method not fully understood. Since then many observers 
have investigated the method, and amongst these the work of some 
stand out pre-eminent, on account of the care and thoroughness with 
which they have worked. We refer more particularly to the work 
of Soxhlet (J. pr. Chem., [2], 21, 227), Maercker (Ost. Ung. Zeit. fiir 
Zucker-ind. und Landwirthschaft, 7, 699), and Allihn (J. pr. Chem., 
22,55). Allihn’s figures appear to be in general use in Germany, 
and our experiments, although carried out in a slightly different 
manner, yet agree closely with them; this is shown by the figures 
given below. 


: | Mgrms. dextrose 
Mgrms. dextrose taken. Mgrms. cuprous oxide K. | found from Allihn’s 
obtained. | t 

| ables. 
0-043 0-098 115°0 | 0 044 
0 684. 0°183 109°9 | 0 °085 
0°1265 0°261 104°1 | 0 °1245 
0°121 0 254, 105 °9 | 0°121 
0°127 0 *264 104°9 0 °126 
0°1225 | 0 °2565 105 °6 | 0 °1225 

| 


CXVII.—A Compound of Camphoric acid with Acetone. 


By Wittiam Jackson Pope. 


DextTROCAMPHORIC acid is moderately soluble in acetone, and the solu- 
tion on spontaneous evaporation deposits crystals of the composition 
CyoH60;,3,COMe.; the crystals are large, transparent, colourless 
tablets (Fig. 1), belonging to the orthorhombic system. 
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Crystalline system: Orthorhombic. 
a:b:c = 08586: 1: 12386. 
Forms present : 


a = {100}. b = {010}. 
p = {110}. p = {120}. 
q = {011}. 

The following angular measurements were obtained : 

Number of 

Angle. measurements. Limite. Mean. Calculated. 

ap = 100:110 24 40° 31’ — 40° 50’ 40° 39’ _ 
ap’ = 100: 120 5 59 37 —59 54 59 49 59° 47’ 
bp = 010: 110 18 49 11 —49 27 49 19 49 21 
bp’ = 010: 120 6 30 1 —30 19 30 11 30 13 
pp =110:110 9 81 4 —81 31 81 17 81 18 
pp’ = 110: 120 3 18 59 —19 12 19 5 19 8 
bq = 010: Oil 29 388 51 —39 5 38 55 _— 
qq = 011: 011 5 101 58—102 24 102 12 102 10 
p? = 110: 011 11 59 17— 59 49 59 28 59 33 
py = 110: 011 6 120 13—120 48 120 29 120 27 


The crystals may readily be obtained of a centimetre in length, and 
usually grow quite separately in the solution. The dominant form is 
a{100}, and this and the other pinacoid, b{010}, give good reflections 
on the goniometer ; the dome form, qg{011}, is frequently very large, 
and only gives moderately sharp reflections. The prism p{110} is 
very variable in size, and does not give good measurements, whilst 
the prism p'{120} is not often observed ; the faces in this zone are 
striated parallel to the zone axis. There is a perfect cleavage 
parallel to a(100), and a less perfect one parallel to b(010); the 
cleavage plates are usually striated parallel to the axis c. 

The axis b is the acute bisectrix, and the optic axial plane is 
a(100); the optic axial angle is large, the double refraction medium 
in strength and positive in sign, and the optic axial dispersion is 
slight. 

Although this substance is optically active in solution, no indica- 
tion of hemihedrism could be obtained; the forms present would 
not be affected, so far as the number of faces is concerned, by enantio- 
morphous hemihedrism, and attempts to obtain characteristic etch- 
figures were unsuccessful. 

During cold weather, the crystals are permanent in the air, but 
after a few minutes’ exposure in warm weather they become opal- 
escent, and when left exposed over night turn quite white and 
opaque, owing to loss of acetone of crystallisation; the crystals, 
however, retain their shape, and to a great extent their lustre, during 
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this change, and remain quite hard and brittle. Some of the porce- 
lain-like crystals thus obtained were measured, and the results agreed 
with those tabulated above. It is very noteworthy that the crystals 
from which all the acetone has escaped retain the two cleavages. 
Attempts were made to again render the opaque crystals transparent 
by soaking them in various liquids, with a view of obtaining results 
similar to those obtained by Mallard from his well-kuown experi- 
ments on zeolites, but with no success; if the opaque crystals be 
soaked in acetone, they slowly fall to a fine, white, opaque powder, 
without again becoming transparent, and other liquids do not seem 
to be absorbed by the crystals. 

Although the transparent crystals lose acetone continuously on ex- 
posure to the air, the whole of the acetone of crystallisation is not lost 
by the massive crystals even after several days’ exposure at ordinary 
temperatures; on dropping the crystals on to a metal plate heated 
by boiling aniline, the solvent of crystallisation is driven off so 
rapidly that the crystals disintegrate and the escaping acetone may 
be inflamed, but the massive crystals still decrease in weight after 
10 hours’ heating at 100°. The weight becomes constant after four 
hours’ exposure at 150°. The following analytical numbers have 
been thus obtained : 

2°6184 grams lost 0°3297 gram at 150° = 12°59 per cent. 
ol » » OBR « » = 1261 e 
Theoretical loss for CypH,.0,,4COMe, = 12°66 - 

On either slow or rapid heating, samples of camphoric acid crystal- 
lised either from water or from acetone, melt at the same tempera- 
ture if placed in the same bath. 

In view of the fact that the acetone is comparatively firmly retained 
by the camphoric acid, it is of interest to note that the specific rota- 
tion of the acid dissolved in acetone is not appreciably different 
from that observed in other solvents (Aschan, Acta Soc. Scient. fenn., 


21, [5], 1). 


A comparison of the crystallographic properties of this substance 
with those of the ordinary monosymmetric crystals of camphoric acid 
reveals the existence of very little if any true morphotropic relation- 
ship between them; on comparing the crystalline form of the acetone 
compound with that of camphoric anhydride, however, a remarkably 
close morphotropic relationship is found to exist. Camphoric 
anhydride has been crystallographically examined by v. Zepharovich 
(Sitzwngsber. Wien. Akad., 1876, 73, i, 7), who determined its geome- 
trical and optical constants, and from his data it was obvious that 
the new substance now described is morphotropically related to cam- 
phoric anhydride. There being, however, a few points in which 
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comparison wa3 impossible, owing, it seemed, to incomplete descrip- 
tion, it was thought advisable to re-examine the anhydride. This 
was done, with the result that the crystallographic similarity of the 
two substances was found to be even closer than was at first supposed. 

Camphoric anhydride dissolves freely in acetone, and crystallises 
from it in large prisms which do not contain acetone of crystal- 
lisation ; it ecrystallises from ethylic acetate or ether in very lustrous 
transparent prisms or plates, each of these habits being closely similar 
in appearance to the corresponding habits of the camphoric acid 
compound with acetone. The most suitable crystals for goniometric 
examination are obtained by the spontaneous evaporation of an 
alcoholic solution containing acetone, the substance being sparingly 
soluble in cold alcohol; the crystals thus deposited are small, 
flattened plates showing much internal striation, and which, prob- 
ably owing to this, are very friable. The crystals show the forms 
named by Zepharovich and also the dome p{120}; the latter is 
rarely present, and, although its faces give good reflections, is 
always very small. 


Crystalline system: Orthorhombic. 
a:b:c = 09990: 1: 1:7251 (Pope). 
a:b:c¢ = 09973 : 1: 1:7170 (Zepharovich). 


Forms observed: 


a{100} c{001} 
qg{011} p{120} 
v{ LOL} a {102} 


In the following table of angles the values obtained by Zepharo- 
vich are given for the sake of comparison, the numbers which he 
took as the basis of calculation being indicated by asterisks. 


OCaleulated. 
No. of “or 


Angle. observations. Limits. Mean. Pope. Zeph. 
av = 100: 101 41 29° 49’— 30°25’ 30° 41’ -- 30° 9’ 
ar’ = 100 : 102 8 48 50—4931 49 13 49 11Y 49 17 
rv’ =101:102 10 18 54—1918 19 Ff} 19 7 19 8 
cr = 001:101 34 59 29— 60 24 59 54 59 533 59 51* 
cr’ = CO1 : 102 8 49 31— 40 59 40 47 40 433 40 43 
eq =001:011 47 59 17— 6028 59 54 _— 59 47* 
qq = 011: 011 6 59 54— 60 30 60 15 60 12 60 26 
qq = 011: O11 8 119 16—120 0 119 44 119 48 119 34 
ap =100:120 12 63 9— 6346 63 26 63 243 -- 
py = 120: 011 4 39 7—3931 39 24 39 19 ams 
pr = 120:101 7 «66 58— 6727 67 14 67 18 = 
qr = 011: 101 6 75 14—7550 75 29 7 263 _ 


There is a fairly good cleavage parallel to c(001), and a less perfect 
one parallel to a(100); these two cleavages were apparently not 
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noticed by Zepharovich. The optic axial plane is a(100), and the 
c-axis is the acute bisectrix; the double refraction is weak and 
negative in sign. The optic axial angle is small—about 30° in air— 
and the axial dispersion slight; the interference picture is visible 
through a cleavage plate cut parallel to c(001). 

Although the substance is optically active in solution no indication 
of pyro-electricity could be obtained. Many attempts to develope etch- 
figures indicative of hemihedral structure were made, a number of 
solvents being used as corrosive agents, but these were uniformly 
unsuccessful. It must be admitted, however, that the failure to 
obtain evidence of hemihedral structure cannot be regarded as a 
particularly strong argument in favour of the holohedral nature of 
the crystals; very probably asymmetric etch-figures might be ob- 
tained by a happy choice of conditions (compare Walden, Ber., 1897, 
29, 1692; Traube, Ber., 1896, 29, 2446), 


On transforming the axial ratios a: b: c = 0°9989: 1 : 1°7251 of 
camphoric anhydride in such a way that the old a-axis becomes the 
new b-axis and vice versd, it is found that the new a:b:c= 
1:0°9989 : 1°7251 = 1:0011 : 1: 1:7270, whilst the new indices of the 
forms become a{010}, c{001}, g{101}, r{011}, 7'{012}, and p{110}. 

Similarly, the axial ratios assigned to the new compound of 
camphoric acid and acetone may be so transformed that the new 
ratio a: b: c assumes the value of the old ratio c: ): 2a and is thus 
a:b:c = 1:2386:1:1'7172; the indices of the forms present simul- 
taneously change to b{010}, a{001}, p{012}, p’{011}, and g{110}. 

The very close similarity between the two crystal forms is now 
apparent. The crystals having the composition CiH,.0,,sCOMe, 
exhibit the forms {010}, {001}, {O11}, {012}, and {110}, whilst 
those of camphoric anhydride show the same forms and also {101}. 
The similarity is not confined to this, for in the zone [100] which 
contains the four common forms {010}, {001}, {011}, and {012}, it 
is observed that each angle measured on the one substance is nearly 
identical in magnitude with the corresponding angle on the other 
compound. The following table shows this clearly. 


| On C,9Hj403. 
“ On 
Angle. Cio lf ,03,3Me,CO. 
Pope. Zepharovich. 
010 : O11 59° 553’ 69° 51’ 59° 47’ 
010 : 012 40 48% 40 43 40 39 
001 : O11 30 4t 30 9 30 13 
C01 : 012 49 11} 49 17 49 21 
O11 : 012 | a | 19 8 19 8 
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The same morphotropic relationship is also clearly expressed by 
the practical equality of the ratio c: 6 in the new form into which the 
axial ratios have been cast ; thus 


On CyH,,03...¢00068 @:6:¢=1:0011: 1: 17270. 
” CH,.0;,4C0Me, a:b:c = 1°2386: 1: 1°7172. 


There is, further, a very close correspondence between the 
cleavages on the two sets of crystals. The crystals of camphoric 
anhydride show a fairly good cleavage on c{001} and a poorer one 
on a{100}, whilst the crystals of camphoric acid with acetone exhibit 
a fairly good cleavage on a{100} and a less perfect one on b{010}; 
on transforming the indices of these forms in accordance with the 
method described above for the two substances respectively, it is 
found that there is in each case a good cleavage on {001} and a com- 
paratively poor one on {010}, The correspondence between the 
cleavages is hence very complete. 

Again, in crystals of camphoric anhydride, the optic axial plane is 
(010) and the acute bisectrix is the c-axis, whilst on the compound of 
the composition C,H,,0,,;COMe., the optic axial plane is (100) and 
the b-axis is the acute bisectrix ; on transforming these indices and 
axes as before, it becomes evident that in each case the optic axial 
plane is (001), and the b-axis is the acute bisectrix. Here, again, 
the correspondence is singularly complete. The sign of double 
refraction is the same in both substances, but the optic axial angle is 
much smaller in the crystals of camphoric anhydride than in those of 
the acid. 

Lastly, there is complete correspondence between the striations 
observed on the two sets of crystals; all the forms in the common 
zone [100] are striated parallel to the zone axis. 

It should be noted that the second set of indices and axial ratios 
given above for each of the two camphoric derivatives are quite 
possible, and might have been chosen for describing the crystals in 
the first place, were it not advisable to respect the usual conventions 
in crystallographic description, namely, that the dominant dome 
forms should make unit intercepts upon two axes, and that the c-axis 
should be the longest, whilst the a-axis should be the shortest axis. 
A little consideration of the intimate nature of the crystallographic 
resemblances existing between these two compounds is sufficient to 
remove any suspicion that the similarity might be only fortuitous, 
and we are forced to the conclusion that what is probably one of the 
most striking morphotropic relationships yet recorded exists between 
two substances which although differing widely in composition are 
constitutionally very closely related. 

The fact that obvious morphotropic relationships exist between 
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camphoric anhydride and the compound of camphoriec acid with 
acetone, whilst both are crystallographically very different from 
camphoric acid, a substance of intermediate composition, may very 
possibly be due to dimorphism in camphoric acid, the missing form 
being an orthorhombic one morphotropically ‘related to camphoric 
anhydride and the new compound; attempts to find evidence of 
polymorphism in camphoric acid and its anhydride were made by 
several methods, but all proved unsuccessful. 

The importance of searching for morphotropic relations such as 
that now demonstrated amongst camphor derivatives—of which the 
constitutions and constitutional inter-relations are still so problema- 
tical—can scarcely be exaggerated. 


Chemical Department, 
Central Technical College, 
City and Guilds of London Institute. 
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110. | Acetanilide, p-chlor- (CHATTAWaY and 
Acetaldehyde, formation of, from ether | Evans), T., 819; P., 1896, 97. 
by action of light (RrcHarpDson and o-p-dichlor-, and its hypochlorite 
Forvey), T., 13855; P., 1896, 166. (Cuattaway and Evans), T., 
a-Acetamido-2-bromocamphor (LAp- 849, 850; P., 1896, 97. 
worvtH and Kippine), T., 317. | Acet-o-anisidide, 4-nitro- (Menpona, 
o-Acetamidophenol and its acetyl deri- | Wootcott, and Wray), ‘T., 
vative (Mrx~pora, Wootcort, and | 1330; P., 1896, 164. 
Wray), T., 1823. 5-nitro- (MELDOL’S, Woo.tcort, and 
2:4-bromonitro- (MELpota, Woot- | Wray), T., 13831; P., 1896, 
cotT, and Wray), T., 13826; P., | 164. 
1896, 163. | Acetethylanilamide, action of sodium 
anhydride (Mrivora, Woorcort, | methoxide and ethoxide on (CoHEN 
and Wray), ‘’., 1327; P., 1896, | and ArcHupEAcon), T., 95; P., 
164, | 1896, 8. 
5-n'tro-, acetyl derivative of (MxEn- | Acetic acid, formation of, from ether 
porta, Woorcott, and Wray), | by action of light (RicHaRDson 
T., 1825; P., 1896, 163. | and Fortsy), T., 1355; P., 1896, 
Acetauilide, constitution of (CoHEN 166. 
and ArcHDEACON), T., 96. | magnetic rotatory power of (PERKIN), 
magnetic rotatory power, &c., of T., 1251. 
(PERKIN), T., 1114, 1216, 1246. absorption by silk of dilute (WALKER 
action of sulphur on (HoFrMANN LeEc- | and AppLEYARD), T., 1346; P., 
TURE), T., 713. 1896, 147. 
use of, in preparing aniline deriva- | Acetic acid: lead tetracetate, history 
tives (Hormann Lecture), T., 695. and preparation of (HtUTcHINsON 
sodium ethoxide (ConEN and Arcu- | and Pottarp), T., 212, 213; P., 
DEACON), T., 93. 1896, 31. 
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Acetic acid, 
lead tetracetate, crystallography of 

(Hutcuinson and PoLwarD), 
T., 215; P., 1896, 31. 

action of glacial acetic acid on 
(Hurcuinson and PoruarD), 
Y., 214. 

action of halogen acids on (Hvt- 
CHINSON and PoLiaRD), T., 218, 
219, 220; P., 1896, 31. 

action of hydrogen sulphide on 
(Hurcninson and PoLLaRD), 
T., 220. 

action of orthophosphoric acid on 
(Hutcuinson and PoLuaRD), 
'., 221; P., 1896, 31. 

action of sulphuric acid on (Hvt- 
cHINSON and PotzarpD), T., 
221. 

action of water on (HUTCHINSON 
and PoruarD), T., 214, 218; 
P., 1896, 31. 

Acetic acid, o-acetamidophenylic salt, 
and its hydrate and 5-nitro-deriva- 
tive (MEeLpota, Woorcort, and 
Wray), T., 1323; P., 1896, 163. 

acetoguaiacolamide salt, nitro- 
(MEeLpoL~a, Woorcort, and 
Wray), T., 1831; P., 1896, 164. 

amylic salt, molecular volume of, 
in organic solvents (Nicoz), T., 
143; P., 1895, 237. 

anthraflavic acid salt 
Lecture), T., 633. 

benzaldehyde, m-iodoso-, salt (Pat- 
TERSON), T., 1004; P., 1896, 153. 

benz-anti-aldoxime salt (LuUx- 
MooRE), T., 183. 

butylic salt, molecular volume of, 
in orgunic solvents (Nicox), T., 
143; P., 1895, 237. 

guaiacol salt (Mripoxa), P., 1896, 

126. 

nitro- (Me.porza), P., 1696, 126. 

iso-B-lapachol salt (Hooker), T., 
1364. 

a-lapachone salt (HooxkeRr), T., 1371, 
1372. 


(Hormann 


methylic salt, molecular volume of 
the, in organic solvents (NICOL), 
T., 143; P., 1895, 237. 

4-chloro-3-nitrophenol _ salt 
DOLA, Woo.cort, and 
T., 1823; P., 1896, 163. 

2-chloro-4-nitrophenol salt of (MEt- 


(Mgzt- 
Wray), 


DOLA, Wootcort, and 

T., 1328; P., 1896, 164. 

phenylic salt, magnetic rotatory 

power, &c., of (PERKIN), T., 1064, 
1075, 1076, 1179, 1238. 

Acetic acid, chloro-derivatives of, mag- 

netic rotatory power and relative 


Wray), 


SUBJECTS. 


1711 


density of (Perkin), T., 10639 
1172, 1236. 

Acetic acid, ¢trichlor-, magnetic rotatory 
power and relative density of 
(Perxry), T., 1063, 1172, 1236. 

Acetoacetic acid, ethylic salt, magnetic 

rotatory power and relative den- 

sity of (PERKIN), T., 1063, 1172, 

1236. 

volatility of its copper compound 
(Japp and Lanper), T., 737. 

action of ethyliec chlorofumarate 
and ethylic chloromaleate on 

(RuneMANN and Tyusr), T., 

532; P., 1896, 73. 

and ethylic a-bromisobutyrate, 
action of zinc on (PERKIN and 

Tuorre), P., 1896, 156. 

condensation of, with benzil (JAPP 

and LanpEr), T., 736; P., 1895, 

146. 

condensation of, with a-chlorocro- 
tonic acid (RUAEMANN and 

Worrr), T., 1391; P., 1896, 

166. 
sodio-, ethylic salt, action of ethylic 

8-iodopropionate on (BENTLEY and 
PERKIN), T., 1511. 

Acetodiphenylamide, action of sodium 
methoxide and ethoxide on (COHEN 
and ArcHDEACON), T., 94; P., 1896, 
8. 

Acetoguaiacolamide, nitro- 

[OH : OMe : NO,: NHAc 
=1:2:4:6] (Metpora, Wootr- 
coTt, and Wray), T., 1331; P., 
1896, 164. 

Aceto-a-naphthylamide sodium ethoxide 
(CoHEN and ARCHDEACON), T., 93; 
P., 1896, 8. 

Aceto-8-naphthylamide sodium ethox- 
ide (CoHEN and ARcHDEACON), T., 
93; P., 1896, 8. 

Aceto-a-naphthylamide sodium meth- 
oxide (COHEN and ARCHDEACON), T., 
93; P., 1896, 8. 

Acetone, action of ethylic a-bromopro- 
pionate on (PERKIN and THORPE), 
T., 1482; P., 1896, 156. 

Acetonedicarboxylie acid, condensation 
of, with benzil (Jape and LanpER), 
P., 1896, 109. 

Acetonylmaliec acid, barium, silver, and 
phenylhydrazine salts (RUHEMANN 
and T'yuer), I., 5384; P., 1896, 74. 

Acetophenone, magnetic rotatory power, 
&c., of (Perkin), T., 1064, 1091, 
1092, 1200, 1243. 

Acetophenonehydrazone, action of form- 
aldehyde on (WALKER), T., 1286. 

Acetophenylthiocarbamide, action of 
acetic chloride on (Doran), T., 343. 
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AAcetophenylthiocarbamide, action of 
ethylic chlorocarbonate on (Doran), 
T., 343. 

Aceto-o-toluidide sodium ethoxide 

(ConEN and ArncnDEAcon), T., 93; 
P., 1896, 8. 
sodium methoxide (ConEN and ARCH- 
DEACON), T., 93; P., 1896, 8. 
Aceto-p-toluidide sodium  ethoxide 
(CoHEN and Arcupracoy), T 
93; P., 1896, 8. 
sodium methoxide (ConEN and 
ARCHDEACON), T., 93; P., 1896, 8. 
w-Acetoxycis-7-camphanie acid (Kip- 
pina), T., 949; P., 1896, 115. 
m-Acetoxycamphoric anhydride (k1p- 
PING), T., 940; P., 1896, 115. 

Acetylacetone, refraction equivalents of, 
at different. temperatures (PERKIN), 
P., 1895, 199; ., 2. 

Acetyl-r-bromo-a-isonitrocamphor 
(LaAPwortTuH and krerine), T., 320. 

y-Acetylbutyrie acid (BrentTiey and 

PERKIN), T., 1511. 
action of nitric acid on (BENTLEY and 
PERKIN), T., 1512; P., 1896, 169. 
oxime of (BENTLEY and PERKIN), T., 
1512 ; P., 1896, 169. 
semicarbazone of (BENTLEY and PER- 
KIN), T., 1513; P., 1896, 169. 

Acetylecannabinol (Woop, SPivey, and 
EASTERFIELD), T., 545; P., 1896, 
76. 

2-Acetyl-1 : 1’-dihydroxy-3 : 3’-dime- 
thylnaphthalene, behaviour of, 
towards sulphuric acid (CoLnIEe 
and WiutsMorE), T., 298; P., 
1896, 47. 

-Acetylene, synthesis from carbon and 

hydrogen of (Bonr and Jorpay), 
P., 1896, 62. 
luminosity of hydrocarbon flames due 
to (Lewes), T., 226; P., 1896, 1. 
explosive mixtures of air and 
(CLoWEs), P., 1896, 143. 
estimation of, in air (CLowes), P., 
1896, 144. 

Acetylglutaric acid, ethylic salt, and 
hydrolysis of (BENTLEY and PERKIN), 
T., 1511; P., 1896, 169. 

Acetyl-d-lactic acid, rotatory power of 
the ethylic salt of (Ptrpre and 
Witiramson), T., 828; P., 1896, 
97 
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Acetylluteolin triethyl ether (PerKry), 
T., 801; P., 1896, 105. 

Acetylmalic acid, methylic salt, specific 
rotation of (Purpie and Win.taM- 
son), T., 824; P., 1896, 97. 

Acetylmorin tetrametyl ether (PERKIN 
and Basricn), T., 797; P., 1896, 
106. 
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Acetylphenylmalic acid and its salts 

(RuHEMANN and Wo Fr), T., 1385 ; 
| P., 1896, 166. 
| B-Acetylpropionic acid. See Levulinic 
| acid. 

Acetylisorhamnetin (Perkin and Hux- 

| MEL), T., 1569; P., 1896, 186. 

| Acid CsH,NO3;, obtained by the action 

of chloroform and potash on m- 
aminobenzoic acid, and its barium 
salt (Exuiorr), T.,1515; P., 1896, 
171. 

C,H,03, from potassium a/loethylic 
camphorate: its phenylhydrazone 
(WaLKER and Henverson), T., 
755 ; P., 1896, 110. 

CieH,,03, from a-bromocampholide, 
barium salt (Forster), T., 51. 

C,9H,,03, from oxidation of hydro- 
carbon arising from pinene tetra- 
bromide (T1LpEN and NICHOLLS), 
P., 1896, 139. 

C\oH,0,, fron dibromocampholide : 
its barium salt, dibromo-derivative 
(Forster), T., 44; P., 1895, 208. 

C\oH 605, from bromocamphorenic 
acid, and its silver salt (}oRSTER), 
T., 49; P., 1895, 208. 

CioH,,03, from campholide: its 
barium salt (Forster), T.,57; P., 
1895, 209. 

Aconrine, acetyl and benzoyl derivatives 
of (Dunstan and Carr), P., 1895, 
178. 

Aconitic acid, occurrence of, in Aconituin 
heterophyllum (Jowrtrr), T., 1521; 
P., 1996, 158. 

Aconitine, action of methylic alcohol on 

(Dunstan, TickLE, and JACKSON), 
P., 1896, 159. 

estimation of nitrogen in, by the 
absolute method (Dunstan and 
Carr), P., 1896, 48. 

Aconitum heterophyllum, atisine, the 
alkaloid of, and aconitic acid in 
(Jowett), T., 1518; P., 1896, 158. 

Acraldehyde, preparation of (HOFMANN 
Lecture), 'T., 697. 

Acrylic acid, preparation of (Hormann 
Lecture), T., 697. 

Address, congratulatory, to the Institute 

‘of France, P., 1895, 167; reply 
' thereto, P., 1895, 199. 
to Lord Kelvin, P., 1896, 121. 
to Professor Stannizzaro, P., 1896, 
120. 

of condolence on the death of Louis 
Pasteur, P., 1895, 197. 

presidential, of A. W. Vernon Har- 
court, T., 563; P., 80. 

Alcohol-radicles, nature of (Hormann 
Lecture), T., 696. 
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Alcohol-radicles, haloids of, use of, as 
agents of substitution (Hormann 
Lecture), T., 659. 

Aldehydocitrazinic acid, its oxime and 
phenylhydrazine derivative (SELL), 
T., 1449; P., 1896, 168. 

Alizarin, formation of, from anthracene 

(Hormann Lecture), T., 627. 
brom-, formation of (Hormann LeEc- 
TURE), T., 633. 
B-nitro-, preparation of (Hormanyn 
Lecture), T., 633. 

Alizarin-yellows, A and C, non-forma- 
tion of acid compounds of (PERKIN), 
T., 1440; P., 1896, 167. 

Alkaloids, constitution of (Hormann 

Lecture), T., 650, 651. 

acid solutions of, action of light on 
(Ricuarpson), and Fortey), T., 
1349. 

Allium cepa, occurrence of quercetin in 
outer skins of bulb of (PERKIN and 
Hvummet), T., 1295; P., 1896, 144. 

Allophanic acid, thio-, ethylic sait, 
probable non-existence of (Doran), 
T., 339, 344; P., 1896, 75. 

_Allylbenzene, magnetic rotatory power, 
&e., of (PERKIN), T., 1084, 1126, 
1143, 1149, 1224, 1246. 

Allyl-p-dinitrodiazoamidobenzene 
(Metporta and STREATFEILD), P., 
1896, 51. 

Allylic alcohol, preparation and pro- 

perties of (HormANN LECTURE), 
T., 697. 

bromide, preparation of (HoFrMANnN 
Lecture), T., 697. 

chloride, preparation of (HOFMANN 
Lecture), T., 697. 

iodide, preparation of (HormaNnn 
Lecture), T., 697. 

sulphide, preparation of (HorManN 
Lecture), T., 697. 

Allylthiocarbimide, synthesis of (Hor- 

MANN Lecture), T., 697. 

action of bromine on (Drxow), T., 
17. 

action of iodine and iodine monobro- 
mide on (Drxon), T., 26. 

Allylthiocarbimide, «-chlor- and a- 
brom-, action of ammonia on (Dixon), 
T., 26. 

Allythiourea, action of bromine on 

(Drxow), T., 18,19; P., 1895, 215. 
action of iodine on (Drxoy), T., 25; 
P., 1895, 216. 

Allyltoluidine, preparation of (Hor- 
MANN Lecture), T., 604. 

Aluminium, solution and diffusion of, 
in mercury (HumPHREYs), T., 1679 ; 
P., 1896, 220. 

Aluminium ferrous sulphate, occurrence 
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of, on bricks exposed to sulphurous 
anhydride (Paterson), T., 66; P., 
1895, 203. 

Amides, action of bromine on (Hor- 
MANN Lectunrg), T., 719. 

Amides, thio-, preparation of (Hor- 
MANN Lecture), T., 710. 

Amine C,,H),Br.N,0., obtained in the 
preparation of  p-brom-o-anisidine 
(Mrtpota, Wootcort, and Wray), 
T., 1329. 

Amines, action of bromine on (HorF- 

MANN Lectunre), T., 720. 
action of carbon bisulphide en (Hor- 
MANN Lecrore), T., 663. 
separation of (Hormann LeEctURE), 
T., 662. 

Amines, secondary and tertiary, pre- 
paration of (Hormann Lectvre), T., 
655. 

Amino-group, influence on the strength 
of acids of the (SakurRAn), T., 1659; 
P., 1896, 181. 

Ammonia, action of iodine on (CHATTA- 
way), T., 1577; P., 1896, 173. 

Ammonium compounds, constitution of 
(Hormann Lecture), T., 667. 

Ammonium amalgam (PROUDE 

Woop), P., 1895, 236. 
antimoniomalate (HrNDERSON and 
Barr), T., 1452; P., 1896, 168. 
antimoniomucate (HENDERSON and 
Bakr), T., 1453; P., 1896, 168. 
imidosulphonates (Dtvers and 
Haea), J., 1621; P., 1896, 179. 
barium imidosulphonates (DIVERS 
and Haaea), T., 1622. 
mercury imidosulphonate (DrtvEers 
and Haea), T., 1629. 
iso-Amylearbamine, preparation of 
(Hormann Lecture), T., 709. 

Amylie alcohol, action of light on 
(RicHarpson and Fortky), ‘., 
1349; P., 1896, 164. 

R-iso-Amylnaphthalene (Hooker), T., 
1356, 1358. 

p-Anethoil, magnetic rotatory power, 
&e., of (Perkin), T., 1148, 1226, 
1247. 

Anhydroacetonedibenzil, reduction of 
(Japp and Lanpen), T., 745. 

Anhydrocamphoic acid (MaRsH, and 
GARDNER), T., 76; P., 1895, 206. 

Anhydrodibenzylacetoacetic acid, 
ethylic salt of (Japp and LanpeEr), 
T., 737; P., 1895, 146. 

Anhydrodihydroxyhydrolapachol, syn- 
thesis of (HooxkeER), T., 1370, 1378. 

Aniline, discovery of (Hormann LeEc- 

TURE), T., 597. 
preparation of (HoFMANN LECTURER), 


and 


’ 
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Aniline, composition 
Lecture), T., 641. 
magnetic rotatory power, &c., of 
(Perkin, T., 1064, 1098, 1155, 
1207, 1244. 
action of cyanie acid on (HoFMANN 
Lecture), T., 648. 
action of cyanogen on (HoFrMANN 
Lecture), T., 590, 649. 
action of cyanogen haloids 
(Hormann Lectvre)), T., 590. 
action of cyanogen chloride on (Hor- 
MANN Lecrvre), T., 649, 650. 
action of, on mercurous iodide 
(Francois), A., i, 22. 
action of phosgene gas on (HOFMANN 
LeEctuRE), T., 649. 
chlorination of (Hormann Lecture), 
T., 644. 
Axiline and its salts, constitution of 
(Hormann Lecrvxre), T., 655. 
compounds of phosphoric acid with 
(Hormann Lecture), T., 590. 
hydrochloride, magnetic rotatory 
power, &c., of (PERKIN), T., 1111, | 
1159, 1218, 1235, 1246. 
Aniline, substitution products of, con- | 
stitution of (Hormann Lecture), | 
T., 661. 
substitution of chlorine and bromine 
in (Hormann Lecture), T., 645. 
Aniline, bromo-derivatives of, basic 
character of (Hormann LECTURE), 
T., 646. 
p-brom-, action of ethylic bromide 
on (Hormann Lecture), T., 661. 
m-chlor, magnetic rotatory power, 
&e., of (Perkin), T., 1106, 113], 
1205, 1244. 
p-chlor-, preparation of (Hormann 
Lecture), T., 645; (Los), A., i, 
605. 
magnetic rotatory power, &c., of 
(PERKIN), T., 1106, 1131, 1208, 
1244. 
action of ethylic bromide on (Hor- | 
MANN Lecrure), T., 661. 
di-chlor-, preparation of (HormANN 
Lecturg), T., 645. 
o-p-dichlor-, preparation of (CHAT- 
TAWAY and Evans), T., 830; P., 
1896, 98. 
2:4:6-trichlor, preparation 
(Hormann Lecture), T., 644. 
p-iodo-, preparation of (Hormann 
Lecture), T., 649. 
m-nitro-, preparation of (HormanNn 
Lecture), T., 646, 647. 
alkaline reduction of (MrELportaand 
AnprEws), T., 7; P.,1895, 214. | 
Aniline, m-nitro-, action of ethylic brom- | 
ide on (Hormann LeEctuRE), T., 661. | 


of (HoFrMANN 


on 


| 


| 
| 


of 
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Anisaldehyde, magnetic rotatory power 
&e., of (Perkin), T., 1128, 1136, 
1200, 1242. 

Anisic acid, magnetic rotatory, &c, of 
the ethylic salt of (Perxiy), T., 
1128, 1136, 1160, 1176, 1281. 

Anisic alcohol, magnetic rotatory power 
and relative density of (Perx1y), T., 
1128, 1136, 1199, 1242. 

o-Anisidine, magnetic rotatory power, 

&e., of (Perkin), T., 1131, 1211, 
1245. 

p-brom- (MELpo1La, WootcorT, and 
Wray), T., 1329. 

2:4-bromonitro- (Metpota, WooL- 
coTt, and Wray), T., 1327; P., 
1896, 164. 

o-Anisidine, p-nitro-, and its acetyl 

derivative (MELDOLA, Woo.cort, 
and Wray), 7., 1329; P., 1896, 164. 

5-nitro-, and its acetyl derivative 
(MELpora, Wootcort, and 
Wray), T., 1330; P., 1896, 164. 


| p-Anisidine, magnetic rotatory power, 


&e., of (Perxrn), T., 1131, 1211, 
1245. 

Anisoil (phenyl methyl oxide), magnetic 
rotatory power, &c., of (PERKIN), 
T., 1080, 1081, 1090, 1127, 1186, 
1240. 

4-bromo-2-nitro- (MgeLpoLta, Woo-- 
corT, and Wray), T., 1329. 

2:4-dinitro- preparation of (MEL- 
poLta, Wootcort, and Wray), T., 
1330. 

Anisoldisulpkonic acid, preparation of 
(Hormann Lecture), T., 697. 
Annual General Meeting, T., 563; P., 

1896, 80. 

Anthracene, discovery of (Hormann 

Lecture), T., 598. 
distillation of (tlormann LEcTURE), 
T., 630. 

Anthracene, brom-, preparation of 
(Hormann Lecture), T., 601; P., 
1893, 138. 

dibrom- (Hormann Lecture), T., 633. 

chlor-, preparation of (Hormann 
Lecture), T., 601; P., 1898, 138. 

dichlor-, action of sulphuric acid on 
(Hormann Lecture), T., 631. 

Anthracenedisulphonic acid, dichlor-, 
preparation of (Hormann LEcTURE), 
T., 631. 

Anthracenesulphonic acid, dichlor-, 
preparation of (Hormann LEcTURE), 
T., 632. 

Anthraflavic acid, composition of, and 
its diacetyl and dibenzoyl derivatives 
(Hormann Lecture), T., 633. 

iso-Anthraflavic acid, discovery of 
(Hormann Lecture), T., 633. 
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Anthrapurpuramide, preparation of 
(Hormann Lecture), T., 633. 

Anthrapurpurin, formation and com- 
position of (Hormann LEcTURE), 
T., 633. 

Anthraquinone, discovery of (HOFMANN 

Lecture), T., 601; P., 1893, 137. 
dibromo-derivatives of (HOFMANN 
Lecture), T., 633. 

Anthraquinone group of natural yellow 
colouring matters (PERKIN), T., 
1441; P., 1896, 167. 

Anthraquinonedisulphonice acid, pre- 
paration of (Hormann Lecrure), T., 
631. 

Anthraquinoneoxime, methyl, ethyl, and 
benzyl ethers (ScHUNCK and MARcH- 
LEWSKI), T., 73; P., 1895, 203. 

Anthraquinonesulplionic acid, formation 
of (HormANN LeEctuRB), T’., 629. 

Antimoniomalic acid, ammonium salt of 
(Henperson and Barr), T., 1452; 
P., 1896, 168. 

Antimoniomucic acid, salts of (HENDER- 
son and Barr), T., 1453; P., 1896, 
168. 

Antimony, solution and diffusion in 
mercury of (Humpuereys), T, 
1679; P., 1896, 220. 

Antimony pentachloride, action of, on 
carbon bisulphide (HormAanN LEc- 
TURE), T., 700. 

Triethylstibine, discovery of (Hor- 
MANN Lecture), T., 671. 

Artocarpus integrifolia, colouring mat- 
ters of (PERKIN and Basticn), T., 
792; P., 1896, 106; (PERKIN), T., 
1440; P., 1896, 167. 

Aspartic acid, rotatory power of (MAR- 
SHALL), T., 1022; P., 1896, 146. 

Assimilation, distinction between 
elaboration and (Cross, BrVAN, 
and SmirH), T., 1605; P., 1896, 
174. 

Atisine, extraction of, from the root of 
Aconitum heterophyllum and its 
purification (Jowett), T., 1519; 
P., 1896, 158. 

properties and salts of (JowszrrT), 
T., 1521; P., 1896, 158. 

action of alkalis and acids on 
(Jowett), T., 1525; P., 1896, 159. 

Atmospheric air, liquefaction of (Dr- 
war), P., 1895, 221; (Buount), P., 
1895, 232. 

Atomic weight or weights of the ele- 
ments (L. Meyer), (Brepson), T., 
1423; P., 1896, 119. 

Atomic weight of Japanese tellurium 
(CHIkasHIGa£), T,, 881; P., 1896, 
151. 

Atoms, analogy of, with vortex rings 


(FirzaEeRratp), T., 889; P., 1896, 
Qh. 


Atoms, forces acting between (Firz- 
GERALD), T., 901. 

Azobenzene, di-m-amino-, bisazimide, 
diacetyl and dibenzoyl derivatives, 
oxalate, azo-8-naphthol derivative 
(Metpoza and AnprREWs), T., 10; 
P., 1895, 215. 

di-m-amino-, behaviour of, towards 
p-nitrodiazobenzene chloride (MEL- 
potas and ANDreEws), T., 13. 

diiodo-, from di-m-aminoazobenzene 
(Metpona and ANDREWs), T., 13 ; 
P., 1895, 215. 

Azonaphthalene, amino-, discovery of 
(Hormann Lecture), T., 603; P., 
1898, 138. 

Azotrinaphthyldiamine, preparation of 
(Hormann Lecture), T., 621. 

Azoxybenzene, di-m-amino-, dihydro- 
chloride, diacetyl derivative, bis- 
azimide, azo-B-naphthol derivative 
(Metpo1a and AnpREws), T., 7; 
P., 1895, 215. 

diiodo-, from di-m-aminoazoxy-ben- 
zene (MELDOLA and ANDREWSs), 
T.,10; P., 1895, 215. 


B. 


Balance, an auxiliary assay (Law), T., 
526; P., 1896, 75. 
Balance-sheet of the Chemical Society, 
March 21st, 1896, T., 572. 
Balance-sheet of the Research Fund, 
March 21st, 1896, T., 573. 
Barium imidosulphonates (Divers and 
Ha@a), T., 1622; P., 1896, 179. 
tungstitartrate (HENDERSON and 
Barr), T., 1457; P., 1896, 169. 
Barley, yield of, from different soils 
(Woop), T., 288; P., 1896, 13. 
straw,carbohydrates of (Cross, Bevan, 
and Smitu), T.,1604; P.,1896, 174. 
Base, C,.H,,N, from camphoroxime and 
its salts (ForsTER), P., 1896, 146. 
Benzaldehyde, magnetic rotatory power, 
&e., of (PERKIN), T., 1064, 1091, 
1125, 1199, 1242. 
from the electrolysis of potassium 
mandelate (WALKER), T., 1279. 
o-iodo-, and its dichloride (PatTrEr- 
son), T., 1006; P., 1896, 153. 
m-iodo-, and its dichloride (PaTTER- 
son), T., 1002; P., 1896, 153. 
p-iodo-, and its dichloride (PaTTEr- 
son), T., 1005; P., 1896, 153. 
o-iodoso- (Patterson), T., 1007; 
P., 1896, 153. 
m-iodoso (PatTTeRsoN), T., 1003 ; 
P., 1896, 153. 
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Benzaldehyde, p-iodoso- (PATTERSON), 
T., 1005; P., 1896, 153. 
m-iodoxy- (PATTERSON), T.,1004; P., 
1896, 153. 
p-iodoxy- (PatrERson), T., 1005; P., 
1896, 153. 
Benzaldehydephenylhydrazone 
(WaLkeER), T., 1279. 
action of formaldehyde on (WaAt- 
KER), 'T., 1285. 
o-iodo- (PatrERson), T., 1008; P., 
1896, 153. 
m-iodo- (PaTTERSON), T., 
1896, 153. 
p-iodo- (Patterson), T., 1009; P., 
1896, 153. 
Benzantialdoxime and its  hydro- 
chloride (Luxmoore), T., 177; P., 
1895, 149. 


1009; P., 


action of phosphorus trichloride on | 


(Luxmoore),T.,191; P.,1895,149. 
action of phosphorus pentachloride 
on (Luxmoorg), T., 190; P., 1895, 
149. 
chloro-derivative of (LUxMOORE), 
T.,191; P., 1895, 149. 

Benzaldoxime sulphates (LuUxmoore), 

T., 180; P., 1895, 149. 

o-iodo- (PatrEerson), T., 1008; P., 
1896, 153. 

m-iodo-, and its dichloride (PATTER- 
son), T., 1008; P., 1896, 153. 

p-iodo- (Patterson), T., 1008; P., 
1896, 153. 

Benzsynaldoxime, action of phosphorus 
trichloride on (Luxmooreg), T., 
192; P., 1895, 149. 

salts of (LuxmMoorg), T., 180; P., 
1895, 149. 

hydrochloride (Luxmoore), T., 179; 
P., 1895, 149. 

Benzaldoximes, isomerism of alkyl de- 
rivatives of (LUxMooRE), T., 187; 
P., 1895, 149. 

methyl derivatives of (LUxmMooRg), 
Be, 206. 

Benzamide, preparation of (LUXMOORE), 

T., 188. 

magnetic rotatory power, &c., of (PER- 
KIN), T., 1114, 1216, 1246. 

action of sodium ethoxide on (COHEN 
and ARrcHDEAcON), T., 94; P., 
1896, 8. 

Benzamide, thio-, action of iodine on 
(Hormann Lecrvre), T., 714. 

Benzanilide, preparation of (CoHEN and 
ARCHDEACON), T., 92. 

Benzanilamide sodium ethoxide (ConEN 
and ARcHDEACON), T., 94; P., 1896, 
8. 

Benzene, discovery of (Hormann LEc- 
TURE), T., 597. 
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| Benzene, discovery of, in coal tar (Hor- 
MANN Lecture), T., 690. 
constitution of, according to the vortex 
atom theory (Firzceratp), T., 
892; P., 1896, 25. 
magnetic rotatory power, &c., of 
(PERKIN), T., 1064, 1082, 1084, 
1085, 1191, 1241. 
volume changes during the formation 
of solutions in (JonEs), P., 1895, 
179. 
separation of, from coal-tar naphtha 
(Hormann Lecture), T., 598. 
Benzene, bromo-, magnetic rotatory 
power, &c., of (PERKIN), T., 1064, 
1118, 1119, 1202, 1243. 
chloro-, magnetic rotatory power, &c., 
of (Perkin), T., 1064, 1118, 1202, 
1243. : 
m-dichloro-, preparation of (CHaTTa- 
way and Evans), T., 848; P., 
1896, 97. 
condensation of with chlorobenzene 
(CuatTAwAy and Evans), T., 
982; P., 1896, 114. 
p-dichloro-, magnetic rotatory power, 
&e., of (Perkin), T., 1120, 1202, 
1243. 
fluoro-, magnetic rotatory power, Xc., 
of (PErxry), T., 1118, 1119, 1162, 
1201, 1243. 
iodo-, magnetic rotatory power, &c., of 
(Perkin), T., 1064, 1118, 1119, 
1203, 1243. 
nitro-, preparation of 
Lecture), T’., 607. 
magnetic rotatory power, &c., of 
(Perkin), T., 1064, 1094, 1180, 
1239. 
m-dinitro-, magnetic rotatory power, 
&e., of (Perxry), T., 1095, 1181, 
1239. 


(HoFMANN 


reduction of (Hormann LEcTURE), 
T., 647. 

Benzene-4-az0-2-acetamidophenol, m- 
nitro- (Mrtpozta, Wootcorz, and 
Wray), T., 1324. 

Benzene-4-az0-2-aminophenol, m-nitro- 
(MeEtpona, Wootcort, and Wray), 
Y., 1325. 

Benzeneazoguaiacol, m-nitro-, and its 
benzoate [OH : OMe : N2=1:2: 4] 
(Mzrrpora, Wootcort, and Wray), 
T., 1333. 

Benzeneazosalicylic acid, potassium, 
ethylic salts (HewirTt and STEVEN- 
son), T., 1265; P., 1896, 150. 

o-chloro-, ammonium, potassium, sil- 
ver, methylic, ethylic salts, be- 
haviour towards bases (HEWITT 


and Stevenson), T., 1258; P., 
1896, 149. 
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Benzeneazosalicylic acid, m-chioro-, am- 
monium, silver, barium, potassium, 
methylic, ethylic salts (Hewitr 
and SrEvenson), T., 1262; P., 
1896, 150. 

p-chloro-, potassium, ammonium, 
barium, silver, methylic, ethylic 
salts (Hewrrr and Stevenson), T., 
1263 ; P., 1896, 150. 

Benzene-6 : 1-diazoxide, 2 : 4-bromo- 
nitro- (MreLpo1~a, Woo.xcort, and 
Wray), T., 1327; P., 1896, 164. 

4-nitro- (MrtpoLa, Wootcort, and 
Wray), T., 1328. 
Benzene-m-disulphonic acid, calcium salt 
of (Snare), T., 100. 
Benzene-p-disulphonie acid, 
salt of (Snare), T’., 100. 
Benzenesulphonic chloride, magnetic 
rotatory power, &ec., of (PERKIN), 
T., 1123, 1205, 1244. 
Benzenyl-o-aminothiophenol, prepara- 
tion of (Hormann Lecture), T., 
712. 

Benzil, condensation of, with acetone- 
dicarboxylic acid (JApP and Lan- 
DER), P., 1896, 109. 

condensation of, with ethylic aceto- 
acetate (Jape and Lanper), T., 
736; P., 1895, 146. 

condensation of, with: levulinic acid 
(Jape and Murray), P., 1896, 
146. 

Benzodiethylthiourea (D1xon), T., 1604; 

P., 1896, 224. 

Benzoic acid, absorption by silk of dilute 
(WALKER and AprreyarD), T., 
1346 ; P., 1896, 147. 

anthraflavic acid salt of (HOFMANN 
Lecture), T., 633. 

allylic, butylic, zso-butylic, ethylic, 
methylic, octylic, propylic, and zso- 
propylic salts of, magnetic rotatory 
powers, &c., of the (PERKIN), T., 
1073-1078, 1094, 1125, 1141, 1173- 
1175, 1226, 1237, 1238, 1247. 

amylic and ethylic salts, molecular 
volumes in organic solvents of the 
(Nicot), T., 1418; P., 1895, 
237. 

2-chloro-4-nitrophenol salt of (MEL- 
Dota, Wooxcort, and Wray), T., 
1328; P., 1896, 164. 

2-chloro-5-nitro-phenol salt of (MEL- 
DOLA, Wootcort, and Wray), T., 
1326; P., 1896, 163. 

4-chloro-3-nitrophenol salt of (Met- 
poLa, Wootcort, and Wray), T., 
1323; P., 1896, 163. 

guaiacol salt of (MELpDoLA), P., 1896, 
126, 127. 

m-nitro-benzeneazoguaiacol 


calcium 


salt of, 
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(MELDOLA, Wootcortt, and 
Wray), T., 1333. 

Benzoic acid, o-nitroguaiacol salt of, 

[OBz : OME: NO, = 1:2: 6] 
(Mexpora), P., 1896, 127. 
p-nitroguaiacol salt of, 
[OBz: OME: NO, = 1:2: 4] 
(Metrpora), P., 1896, 127. 

Benzoic acid, m-amino-, action of chloro- 
form and potash on (Exxiotr), T., 
1513; P., 1896, 171. 

o-iodo- (Parrrrson), T., 1007. 
on-iode- (Patterson) T., 1003. 

Benzoic chloride, magnetic rotatory 
power, &e., of (PERKIN), T., 1121, 
1205, 1244. 

action of lead thiocyanate on (Dixon), 
T., 1603. 

Benzoindicarboxylie acid, diamino-, and 
its osazone (Exurorr), T., 1517; P., 
1896, 171. ' 

Benzonitrile, preparation of (Lux- 
moorE), T'., 189; (Hormann LeEc- 
TURE), T., 705. 

magnetic rotatory power, «c., 
(Perky), T., 1096, 1206, 1244. 

nitro-, reduction of (Hormann LEc- 
TURE), T., 709. 

Benzophenone, magnetic rotatory power, 
&e., of (Perkin), T., 1064, 1091, 
1093, 1201, 1243. 

Benzothiazolecarboxylic acid, prepara- 
tion of (Hormann Lecrvre), T., 
713. 

Benzothiocarbimide, and the action of 
diethylamine on (Dixon), T., 1603; 
P., 1896, 224. 

senzoylacetic acid, ethylic salt, magnetic 
rotatory power, &c., of (PERKIN), 

T., 1064, 1178, 1238. 
condensation of, with o0-ethylic 
chlorofumarate (RUHEMANN and 
Wo trr), T., 1384; P., 1896, 166. 

Benzoyleannabinol (Woop, SPIvEY, and 
EASTERFIELD), T., 545; P., 1896, 
76. 

Benzoylglyceric acid, active, rotatory 
power of the methylic and ethylic 
salts of (FRANKLAND and Mac- 
GreGor), T., 112; P., 1896, 10. 

Benzoylglyceric acid, inactive, methylic 
sult of (FRANKLAND and Mac- 
Greeor), T., 113; P., 1896, 10. 

Benzyl methyl oxide, magnetic rotatory 
power, &c., of (PERKIN), T., 1090, 
1190, 1241. 

Benzylamine, magnetic rotatory power, 
&e., of (Perkin), T., 1103, 1157, 
1208, 1245. 

Benzylaniline, magnetic rotatory power, 
&e., of (PERKIN), T., 1102, 1209, 
1232, 1245. 
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ab-Benzylcarboxyethy!thiocarbamide 
(Doray), T., 327; P., 1896, 74. 

Benzyldimethylamine, preparation of 
(Hormann Lecture), T., 670. 

Benzylic alcohol, magnetic rotatory 

power, &c., of (PERKIN); T., 1064, 
1090, 1125, 1198, 1242. 
chloride, magnetic rotatory power, &c., 
of (PERKIN), T., 1120, 1203, 1243. 
sulphide, magnetic rotatory power, 
&e., of (Perxir), T., 1124, 1204, 
1244. 

Benzylphosphine, preparation of (Hor- 
MANN Lectvre), T., 682. 

Benzyltrimethylammonium chloride 
and hydroxide, action of heat on 
(Hormann Lectore), T., 670. 

Bismuth, rate of diffusion of, in mer- 
cury (Humpnreys), T., 251; P., 
1896, 9. 

Bisphenylpyrazolonecarboxylic acid, 
ethylic salt of (Runemany), T., 
1396; P., 1896, 166. 

Blood, gases of the, Lothar Meyer’s in- 
vestigations on the (Brpsoy), T., 
1410; P., 1896, 119. 

Boric acid, detection of, apparatus for 
(Donerty), P., 1896, 101. 

Bran, dry distillation of, with lime 
(Laycock), P., 1896, 38. 

Bricks, efflorescence on, exposed to sulph- 
urous anhydride (ParErson), T., 66; 
P., 1895, 203. 

Britannia-violet, discovery of (Hor- 
MANN Lecture), T., 618. 

Bromal hydrate, crystalline forms of 
(Porr), P., 1896, 142. 

Butter, estimation of butyric acid in 
(Witcox), P., 1895, 202. 

iso-Butenylbenzene. See Phenylbutyl- 
ene. 

iso-Butylanhydrodibenzilacetoacetic 
acid (JApP and LANDER), T., 740; 
P., 1895, 146. 
silver and barium salts (Japp and 
LanvER), T., 740; P., 1895, 146. 
ethylic and iso-butylic (?) salts of, 
redzction of (Japp and LANDER), 
T., 743; P., 1895, 146. 
iso-Butylbenzene, magnetic rotatory 
power, &c., of (PERKIN), T., 1082, 
1083, 1192, 1241. 
ab-iso-Butylcarboxyethylthiocarbamide 
(Doran), T., 331; P., 1896, 75. 
iso-Butylene, formation of (HOOKER), 
T., 1356. 

iso-Butylic alcohol, action of light on 
(RicHARDsoN and Forrtey), T., 
1352 ; P., 1896, 164. 

Butyric acid, ethylic salt, molecular 
volume of, in organic solvents 


(Nicot), T., 143; P., 1895, 237. 


INDEX OF 
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Butyric acid, phenylic salt, magnetie 
rotatory power, &c., of (PERKIN), T., 
1075, 1076, 1078, 1180, 1238. 

estimation of (W1Lcox), P., 1895, 202. 

iso-Butyric chloride, action of mercuric 
or lead thiocyanate on (Dixon), T., 
862; P., 1896, 100. 

Butyrolactone (BENTLEY, Haworth, 
and Perkin), T., 168; P., 1896, 
36. 

Butyronitrile, preparation of (Hor- 
MANN LeEcTuRE), T., 696. 

Butyrylmalonic acid, specific rotation of 
the ethylic salt of (PURDIE and 
Wittiamson), T., 825. 

ab-iso- Butyryl-a-naphthylthiocarb- 
amide (Drxoy), 'I’., 865; P., 1896, 
iol. 

ab-iso-Butyrylphenylthiocarbamide 
(Drxoy), 'l., 862; P., 1896, 101. 

action of silver nitrate on (Dixon), 
T., 863; P., 1896, 101. 

ab-iso-Butyry)phenylurea (Dixon), T., 
863; P., 1896, LOl. 

iso-Butyrylithiocarbimide (Dixon), T., 
862. 

action of aniline, o- and p-toluidine, 
and a-naphthylamine on (Dixon), 
'T., 862-865. 
ab-iso-Butyryl-o-tolylthiocarbamide and 
action of silver nitrate on (Dixon), 
T., 863; P., 1896, 101. 
ab-iso-Butyry1-p-tolylthiocarbamide 
and action of silver nitrate on 
(Dixon), T., 864; P. 1896, 101. 

ab-iso-Butyry!-o-tolylurea (Drxoy), T., 
863; P., 1896, 101. 

ab-iso-Butyryl-p-tolylurea (Drxovn), T., 
864; P., 1896, 101. 


C. 


Cadmium solution and diffusion of, in 
mercury (Humpureys), T., 1680; 
P., 1896, 220. 

Cadmium-alloys with lead and witli 
zine, solution and diffusion of, in 
mercury (HumPHREYs), T., 1681: P., 
1896, 220. 

Cadmium cesium sulphate, density and 
optical behaviour of (Turron), T., 
451. 

rubidium sulphate, density and opti- 
cal behaviour of (Turron), T., 445. 

Cesium sulphate, constitution of double 
salts containing (Turron), T., 519; 
P., 1896, 71. . 

cadmium sulphate, density and opti- 
cal behaviour of (TuTtow), T., 451. 

cobalt sulphate, density and optical 
behaviour of (Turron), T., 428. 


INDEX OF 


Cesium copper sulphate, density and | 


optical behaviour of en ss 
441. 
ferrous sulphate, density ‘and optical 
behaviour of (Turron), T., 306. 
magnesium sulphate, density and 
optical behaviour of (Turron), T., 
366. 
manganous sulphate, density and 
optical behaviour of (Turron), T., 
403. 
nickel sulphate, density and optical 
behaviour of (Turton), T., 415. 
zine sulphate, density and optical 
behaviour of (Turton), T., 383. 
Caffeine periodide, analogy of, to theo- 
bromine periodide (Suaw), T., 103; 
P., 1895, 177. 
Calcium chloride, hexahydrated, ab- 
sorption of moisture by (HAKE), 
P., 1896, 34. 
imidosulphonates (Divers and 
Haaa), T., 1625; P., 1896, 179. 
mercury imidosulphonate (DIVERS 
and Haga), T., 1630; P., 1896, 
179. 
Camphanic w-bromocam- 


acid from 


phorie acid (Krrrine), T., 65; P., 
1895, 213. 

from chlorocamphoric anhydride 
(Marsu and GarpveRr), T., 82. 


m-bromo- (Kipprna), P., 1895, 212. 
a-Camphanic acid, lactoanhydride 
(Krepine), T., 942. 
cis-r-Camphanic acid, circular polarisa- 
tion of, in the crystalline state 
(Porg), T., 974; P., 1896, 116. 
crystallography and pyroelectric pro- 
perties of (Pore), T., 973; P., 
1896, 116. 
methylic salt, anhydride (KipPine), 
T., 943; P., 1896, 115. 
trans-x-Camphanic acid, oxidation of 
(Kirrine), T., 960; P., 1826, 
115. 
silver, ammonium salts, anhydride, 
amide (Kippine), T., 929; P., 
1895, 33, 88, 211; 1896, 114. 
Camphene, constitution of (MARSH and 
GarpneER), T., 90; (Ti1tpEN), T., 
1014. 
from pinene (TILDEN and NIcHOLLs), 
P., 1896, 138. 
oxidation of (MarsH and GARDNER), 
T., 74; P., 1895, 206. 

Camphene, a-dichloro- (Krrerne and 
Pore), P., 1895, 57; (LaPpwortTH 
and Kierine), T., 1559; P., 1896, 
152, 188. 

Camphenephosphonic acid, chloro-, oxi- 
dation of (MargsH and GARDNEBR), 
T., 75. 
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Camphenesulphonie acid, a-chloro-, 
potassium and sodium salts, chlor- 
ide, amide, anilide (Kiprrne and 
Porr), P., 1895, 57; (Lapworth 
and Kippin@), T., 1551; P., 1896, 
152, 188. 

B-chloro-, potassium, sodium, barium, 
salts, lactone, chloride, amide, 
anilide (Kipprine and Porsg), P., 
1895, 57; LapwortH and Kir- 
PING), T., 1560; P., 1896, 152, 
188. 

Camphoie acid and its monammonium, 
triammonium, copper, and triplumbic 
salts (Marsu and GaRrpneR), T.,75; 
P., 1895, 206. 

Campholide, hydrolysis of (ForstEr), 

T., 55; P., 1895, 209. 

a-brumo-, hydrolysis of (ForstER), 
T., 50; P., 1895, 209. 

B-bromo- (Forster), T., 54; 
1895, 209. 

dibromo-, and its hydrolysis (For- 
sTER), T., 41; P., 1895, 208. 

allo- Campholytic " acid ethylic salt, 
(WaLkER and Henperson), T., 749. 

Camphopyranilie acid (MarsH and 
GARDNER), T., 83; P., 1895, 206. 

cis-Camphopyric acid and its lead and 
sodium salts and chloride (Marsu 

and GARDNER), T., 77; P. 1895, 

206. 

meso-Camphopyric acid (MArsH and 
GARDNER), T., 79. 

trans-Camphopyric acid (MaRsH and 

GaRDNER), T., 80; P., 1895, 206. 

Camphopyric anhydride (MarsH and 
GaRpNER), T., 77; P., 1895, 206. 

chloro- (Mars and GARDNER), <a 
83; P., 1895, 206. 

Camphopyric chloride (MarsH and 
GarpyveER), T., 78; P., 1895, 206. 

chloro- (Marsu and Garpngr), T 
80; P., 1895, 206. 

Camphor, constitution of (Marsu and 
GARDNER), T., 90. o 

Camphor, amino-, from 2-bromo-a- 
nitrocamphor and its hydrochloride 
and platinochloride (LapwortH 
and Kiprine), T., 315; P., 1895, 
210. 

m-bromo-, from am-dibromocamphor, 
oxime of (Revis and Krrrrn@), P., 
1896, 77. 

a-dibromo., behaviour of, towards 
nitric acid (Forster), T., 36; P., 
1895, 207. 

an-dibromo-, oxidation of (K1PPiNe), 
T., 915; P., 1895, 210; 1896, 
114. 

m-brom-a-amino-, hydrochloride, 
oxalate, platinochloride, and acetyl 
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derivative (LAPWoRTH and KIp- 
Pina), T., 316; P., 1895, 210. 

Camphor, z-bromo-a-nitro-, three 
modifications of, and the potassium, 
ammonium, sodium, barium, cal- 
cium, copper, manganese, zinc, 
nickel, cobalt, bismuth, lead deri- 
vatives (LAPwoRTH and KIpPIn@), 
T., 309; P., 1885, 210. 

an-dibromo-a-nitro- (LAPWORTH and 
KrprineG), T., 308; P., 1895, 209. 

m-bromo-a-isonitro-,, and its potas- 
sium, barium, calcium, cobalt, 
nickel, copper, mercuric, bismuth, 
and acetyl derivatives (LAPWORTH 
and Krrrine), T., 317; P., 1895, 
210. 

a-chloro-, oxidation of (Kirriye and 
Porr), P., 1895, 213. 

a-chloronitro-, conversion of, into 
camphorquinone (Larworrna), T., 
322; P., 1896, 76. 

Camphorenic acid, sodium, zinc, and 
methylic salts (ForstER), T., 52; 
P., 1895, 208. 

bromo-, barium, silver, zinc, ammon- 
ium, copper, methylic salts, and 
oxidation of (ForstER), T.,46; P., 
1895, 208. 
Camphorenic anhydride (Forster), T., 
52; P., 1895, 208. 

Camphoric acid, constitution of (Marsx 
and GARDNER), T.,90; (WALKER 
and Hernperson), T., 957; P., 
1896, 110. 

from camphene (MarsH and GaArp- 
NER), T., 84; P., 1895, 206. 

compound of, with acetone (Pore), 
T., 1696; P., 1896, 217. 

potassium allo-ethylic salt, electro- 
lysis of (WALKERand HENDERSON), 
7, 748; P., 1896, 110. 

Camphoric acid, 7-bromo- (KIpPiIne), 
T., 924: P., 1895, 34, 210; 1896, 
114. 

methylic salt (Krpprn@), T., 924; P., 
1895, 34, 210; 1896, 114. 

w-bromo- (Kippine), T., 63; 
1895, 212. 

m-chloro- (Kipp1nG and Pope), P., 
1895, 213. 

d-Camphorie acid, from 7-bromocam- 

phoric acid (Krppine), T., 928. 

Camphorice anhydride, 7-bromo- (Kip- 

Pina), T.,927; P., 1896, 114. 
w-bromo- (Kipp1ne), P., 1895, 212. 
aw-dibromo- (Kippine), P., 18985, 

212. 
chloro- (MarsH and GARDNER), T., 

82. 

Camphoric chloride, chloro- (Manrsn 

and GARDNER), T., 81. 


P., 
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| Camphoroxime, behaviour of, towards 
methylic iodide (Forster), P., 
1896, 146. 
hydrobromide, methyl and _ acetyl 
derivatives of (ForsTER), P., 1896, 
146. 
Camphorquinone, from a-chloronitro- 
camphor (LapwortH), T., 323; P., 
-:1896, 76. 
| Camphorsulphonic acid, a-bromo-, oxida- 
tion of ammonium salt (LAPworrTnh 
and Krpri1ne), P., 1896, 77. 

| eis-Camphotricarboxylic acid, and its 

| silver salt, and anhydride (K1ppina), 
T., 966; P., 1896, 115. 

trans-Camphotricarboxylic acid, hy- 
drated, crystallography and circu- 
lar polarisation of (Porr), T., 978; 
P., 1896, 116. 
and its silver, calcium salts and anhiy- 
dride (Kirrine), T., 951; P., 1896, 
115. 

Cannabin, preparation of cannabinol 
from (Woop, Spivey, and Eastrr- 
FIELD, T., 546; P., 1896, 76. 

Cannabinol, active constituent of Indian 

hemp (Woop, Spivey, and Eastrr- 

FIELD), T., 544; P., 1896, 76. 
existence of, in pharmaceutical pre- 

paration (Woop, Spivey, and 


EASTERFIELD), T., 545; P., 1896, 
76. 


acetyl and benzoyl derivatives of 
(Woop, Spivey, and TFEaster- 
FIELD), T., 545; P., 1896, 76. 

Cannabinone, preparation of canna- 
binol, from (Woop, Spivey, and 

EASTERFIELD), T., 546; P., 1896, 

76. 

Cannabis indica, constituents of (Woop, 
Spivey, and EasterFrecp), T., 539; 
P., 1896, 76. 

Caprylic acid. See Octoic acid. 

Carbamide, action of hypobromites on, 
in presence of a cyanate (ALLEN), P., 
1896, 31. 

Carbamides, alkyl substituted, rate of 
formation of, from the corresponding 
cyanates (WALKER and APPLEYARD), 
T., 193; P., 1896, 12. 

Carbazole, discovery of 
Lecrvre), T., 631. 

Carbohydrates of barley straw (Cross, 

Bevan, and Smirn), T., 1604; P., 
1896, 174. 

relation of furfuroids to total, from 
barley straw (Cross, Bevan, and 
Smirn), T., 1606; P., 1896, 174. 

Carbon atom, asymmetric (FITzGERALD), 

T., 892; P., 1896, 25. 

direct union of, with hydrogen 
(Bone and Jorpan), P., 1896, 61. 


(Hormann 


| 


| 
| 
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Carbon :— 

Carbonic oxide, evolution of, by alka- 
line pyrogallol during oxygen 
estimations (CLtowss), P., 1895, 
200. 

duration of the flame in the explo- 
sive combustion of moist and dry 
(Dixon, STRANGE, and GRa- 
HAM), T., 773 ; P., 1896, 55. 
combustion of oxygen with 
(Dixon), T., 774; P., 1896, 55. 
explosive mixtures of air and 
(CtowEs), P., 1895, 201. 
combination of, with nitrous oxide 
(Dixon), T., 780; P., 1896, 56. 

Carbonic anhydride, mode of forma- 
tion of, in the combustion of 
carbon compounds (Drxoy), T., 
774; P., 1896, 55. 

effect of electric sparks on (Hor- 
MANN LectuRz), T., 728. 

solubility of, in sodium phosphate 
solution, LL. Meyer’s investiga- 
tion on (Brepson), T., 1413. 

estimation of, volumetrically 
(Symons and Srrpuens), T., 
869; P., 1896, 103. 

Carbonic acid, chloro-, action of 
phenylacetylthiocarbamide on 
(Doran), T., 343. 

action of phenylthiocarbamide on 
(Doran), T., 342. 

action of lead thiocyanate on 
(Doran), T., 325; P., 1896, 
74 


Carbon bisulphide, magnetic rotatory 
power, &c., of (PrERxrN), T., 
1123. 
volume changes during the forma- 
tion of solutions in (JONES), 
P., 1895, 179. 
influence of, on the combination 
of carbonic oxide and oxygen 
(Dixon), T., 783; P., 1896, 56. 
ab-Carboxyethylethylthiocarbamide 
(Doran), T., 330; P., 1896, 75. 
ab-Carboxyethylmethylthiocarbamide 
(Doran), T., 330; P., 1896, 75. 
Carboxyethylthiocarbamic acid, salts of, 
action of silver nitrate on (Doran), 
T., 335. 
methylic, ethylic, propylic, isobutylic, 
and benzylic salts (Doran), T., 
334; P., 1896, 75. 
Carboxyethylthiocarbimide (Doray), 
T., 326, 335. 
derivatives of, constitution of, and 
isomerism of (Doran), T., 337. 
action of ammonia, amines, piperi- 
dine, and phenylhydrazine on 
(Doran), T., 327—339 ; P., 1896, 
74, 75. 
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Carboxyethylethylthiocarbimide, action 
of alcohols on (Doran), T., 333; P., 
1896, 75. 

action of water on (Doran), T., 336. 

Carboxyethylthiourea (Doran), T., 331; 
P., 1896, 75. 

Carboxyethyl-)-thiourea, hydrochloride 
of and hydrolysis of (Doran), T., 
341. 

Carvacrol, magnetic rotatory power, &c., 
of (Perkin), T., 1132, 1183, 1239. 
Catechin, non-formation of acid com- 
pounds of (Prerxin), T., 1440; P., 

1896, 167. 

Catechol, magnetic rotatory power, &c., 
of (PERKIN), T., 1127, 1130, 1135, 
1184, 1240. 

Catechol, dinitro- (Mxnpona, Woo.r- 

coTT, and Wray), T., 13338. 

5-nitro-3-amino- (MrenpoLa, Woot- 
corr, and Wray), T., 1334; P., 
1896, 164. 

Cedrene (CHAPMAN and Buraegss), P., 
1896, 140. 

Cellulose, composition of the soluble 
products of acid hydrolysis of 
(Cross, Bevan, and Smirn), T.,. 
810; P., 1896, 96. 

insoluble, obtained by acid hydrolysis, 
composition of (Cross, BEVAN, and 
Smirn), T., 809; P., 1896, 96. 

separation of wheat straw into in- 
soluble cellulose and soluble pro- 
ducts (Cross, Bevan, and Sm1TH), 
T., 807; P., 1896, 96. 

separation of, from furfuroids by 
acid hydrolysis (CRoss, Bevan, and. 
Smirn), T., 806; P., 1896, 96. 

Celluloses of barley straw: their re- 
actions (Cross, Brvan, and 
Smirn), T., 1609; P., 1896, 175. 

cereal, constitution of the (Cross, 
Bevan, and Smrrn), T., 804; P., 
1896, 95. 
acid hydrolysis of, and separation 
of the constituent groups (CRoss, 
BEVAN, and SmuitH), T., 804; ‘P., 
1896, 96. 

Charas, constituents of (Woop, Spivey, 
and EasTEeRFIELD), T., 539; P., 
1896, 76. 

Cheiranthus cheiri, quercetin, the yellow 
colouring matter of (PERKIN and 
Hummet), T., 1567; P., 1898, 185. 

Chloral, condensation of, with resor- 
cinol (Hrwitt and Pork), 'l’., 1265; 
P., 1896, 150. 

Chloral hydrate, two crystalline forms 

of (Porr), P., 1896, 142. 

condensation of, with resorcinol 
(Hewrrt and Porgr), T., 1266; P., 
1896, 150. 


522 
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Chloranil (éeérachloroquinone), prepara- 
tion of (Hormann LeEctuRs), T., 641, 
€99. 

Chlorine, formation of, on heating man- 
ganese dioxide with potassium 
chlorate (McLrop), T., 1015; P., 
1896, 104. 

Hydrochloric acid, absorption by silk 
of dilute (WALKER and APpPLE- 
yanrp), 't., 1346; P., 1896, 147. 

Chlorine peroxide, detonation of (Nixon 
and Harxer), T., 789; P., 1896, 57. 

Chrome alum, effect of heat on aqueous 
solutions of (Doueat), T., 1526; P., 
1896, 153. 

Chromosulphurice acid, colloidal (Ca1- 
virt and Ewan), P., 1896, 160. 

Chrysaniline (diaminophenylacridine), 
discovery of (Hormann LecrtuRg), 
T., 610. 

Chrysin, non-formation of acid com- 
pounds of (Perkin), T., 1448; P., 
1896, 167. 

Chrysoidine, composition of (HOFMANN 
Leoturg), T., 626. 

Cinnamaidehyde, magnetic rotatory 
power, &c., of (PERKIN), T., 1126, 
1145, 1149, 1227, 1247. 

Cinnamene. See Styrene. 

iso-Cinnamenylmandelic acid 

and LANDER), P., 1896, 108. 

Cinnamic acid (B-phenylacrylic acid), 
physiological action of (HoFMANN 
Lrcrvre), T., 698. 

ethylic salt, magnetic rotatory power, 
&e., of the (Perkin), T., 1145, 
1149, 1228, 1247. 

Cinnamic alcohol, magnetic rotatory 
power, &c., of (PERKIN), T., 1064, 
1126, 1149, 1228, 1247. 

Citraconic acid, ethylic salt, magnetic 
rotatory power and relative density 
of (Perkin), T’., 1063, 1173, 1237. 

Citraconic anhydride, magnetic rotatory 
power and relative density of (Prr- 
Kin), T., 1063, 1173, 1237. 

Citrazinic acid (2 : 6-dihydrorypyri- 
dine-8-carboxylic acid), discovery 
of (Hormann Lecture), T., 724. 

action of chloroform and sodium 
hydroxide on (Setx), T., 1448; 
P., 1896, 168. 


(JAPP 


Citric acid, absorption by silk of dilute | 


(WALKER and APPLEYARD), T., 1346; 
P., 1896, 147. 

Cobalt, action of hydrogen peroxide on 
solutions containing (DuRRANT), 
P., 1896, 96. 

cesium sulphate, density and optical 
behaviour of (Turron), T., 428. 

potassium sulphate, density and opti- 
cal behaviour of (Turron), T., 419. 
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Cobalt, rubidium sulphate, density and 
optical behaviour of (Turron), T., 
4214. 

detection of, in presence of nickel 
(Durrant), P., 1896, 96. 

Colophony. See Rosin. 

Coniceines, preparation of (Hormann 
Lecture), T., 724. 

Coniine, constitution of (Hormann Lec- 
TURE), T., 722. 

Conhydrine, constitution of (HoFMANN 
Lecrvrst), T., 724. 

Conyrine (2-propylpyridine), prepara- 
tion of (Hormann LectuRg), T., 723. 

Copper, solubility and rate of diffusion 
of, in mercury (HumpuReExs), T., 
247; P., 1896, 9; (RoBERTs- 
AUvsTEN), P., 1896, 219. 

Copper-alloys with tin, solution and dif- 
fusion of, in mercury (HUMPHREYS), 
T., 1682; P., 1896, 220. 

with zine solution and diffusion of, 
in mercury (Humpuereys), T., 
1682; P., 1896, 220. 

Copper cesium sulphate, density and 
optical behaviour of (Turron), 
T., 441. 

potassium sulphate, density and 
optical behaviour of (Turron), T., 
431. 

rubidium sulphate, density and 
optical behaviour of (Turron), 
T., 437. 

Cuprous gold sulphide (Mactavriy), 
T., 1275; P., 1896, 149. 

Coumarone, magnetic rotatory power, 
&e., of (PERKIN), T., 1201, 1240. 

Crategus Oxyacantha, colouring matter 
in (PERKIN and Hume), T., 1570; 
P., 1896, 186. 

Creosol, magnetic rotatory power, &c., of 
(Perxrn), T., 1127, 1135, 1185, 1240. 

iso-Creosol, magnetic rotatory power, 

&e., of (PERKIN), T., 1127, 1185, 1240. 

o-Cresol, magnetic rotatory power, Xc., 

of (PERKIN), T., 1126, 1129, 1183, 

1239. 

m-Cresol, magnetic rotatory power, Xc., 
of (Perkin), T., 1126, 1129, 1183, 
1239. 

p-Cresol, magnetic rotatory powers, 
&c., of (PERKIN), T., 1126, 1129, 
1183, 1239. 

Crotonic acid, ethylic salt, condensation 
of, with acetoacetic acid (RUHEMANN 
and Wo Fr), T., 1391; P., 1896, 166. 

Crystallography :— 

Atomic weight, influence of, on the 
crystal characters of the sulphates 
containing potassium, rubidium, 
and cesium (Turron), T., 495; P. 
1896, 71. 
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Crystallography :— 

Axes of the optical ellipsoid of the 
double sulphates of potassium, 
rubidium, and cesium, velocity of 
light along the (Turton), T., 466; 
P., 1896, 69. 

Axes of the optical ellipsoid, orienta- 
tion of, for double sulphates of 
potassium, rubidium, and cesium 
(Turton), T., 460; P., 1896, 
69. 

Cleavage of double sulphates of potas- 
sium, rubidium, and cesium 
(Turton), T., 455; P., 1896, 68. 

Distance ratios of the double sulph- 
ates of potassium, rubidium, and 
cesium (Turton), T., 458; P., 
1896, 69. 

Morphology of the double sulphates of 
potassium, rubidium, and ceesium 
(Turron), T., 486. 

of chloral and bromal hydrates, 
thymol, and menthol (Pope), P., 
1896, 142. 

of cis-r-camphanic acid (Pore), T., 
973; P., 1896, 116. 

of trans-camphotricarboxylic acid 
(bydrates) (Pops), T., 978; P., 
1896, 116. 

Optic axial angles of the double sul- 
phates of potassium, rubidium, and 
cesium (Turron), T., 480; P., 
1896, 70. 

Point systems corresponding to the 
sulphates containing potassium, 
rubidium, and cesium (Turron), 
T., 504. 

Polymorphism and molecular com- 
plexity (Turron), T., 509. 

Structural unit of the crystals of 
sulphates containing potassium, 
rubidium, and cesium (Turron), 
T., 507; P., 1896, 71. 

Cumene (isopropylbenzene), magnetic 
rotatory power, &c., of (PERKIN), 
T., 1082—1084, 1194, 1241. 

formation of, from cuminic acid (HorF- 
MANN LecturE), T., 611. 

n-Cumene (propylbenzene), magnetic ro- 

tatory power, &c., of (PERKIN), T., 

1082, 1083, 1094, 1192, 1241. 

v-Cumene (1:8 : 4-trimethylbenzene), 
magnetic rotatory power, &c., of 
(PERKIN), T., 1064, 1130, 1193, 
1241. 

separation of, from coal-tar naphtha 
(Hormann Lecture), T., 598. 

p-Cumidine, preparation of (Hormann 
Lecture), T., 625. 

action of cyanogen on (HOFMANN 
Lecture), T., 590, 649. 


| 
| 
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p-Cumidine, colouring matter obtained 
by oxidation of (Hormann Lec- 
TURE), T., 605. 

Cuminaldehyde 
hyde), magnetic 
&e., of (Prerxin), T., 
1242. 

Cuminic acid (0-isopropylbenzoic acid), 
ethylic salt, magnetic rotatory power, 
&e., of (Perkin), T., 1125, 1176, 
1238. 

Cuminyl alcohol, magnetic rotatory 
power, &c., of (PERKIN), T., 1125, 
1198, 1242. 

Cyaniline, preparation of (HormMANN 
Lecture), T., 649. 

Cyanogen, spectrum of the flame of 

(Lewes), T., 240; P., 1896, 2. 

luminosity of the flame of (GRovEs), 
P., 1896, 5. 

combustion of (Drxon), T., 775; P., 
1896, 55. 

explosive combustion of (Drxon, 
STRANGE, and Granam), 'T., 759; 
P., 1896, 53. 

duration of the flame in the explosive 
combustion of (Drxon, STRANGE, 
and GraHAM), T., 763; P., 1896, 
54. 

influence of, on the combination of car- 
bonic oxide and oxygen (D1xoy), 
T., 788; P., 1896, 56. 

Cyanic acid, ethereal salts of (Hor- 

MANN Lecture), T., 654. 

ethylic salt of, preparation of (Hor- 
MANN Lecrure), T., 716. 

rate of change into the correspond- 
ing carbamides of the methyl-, 
dimethyl-, ethyl-, diethyl-, iso- 
amyl-, and tertiary amyi-ammo- 
nium salts of (WALKER and 
APPLEYARD), T., 1983—202; P., 
1896, 12. 

action of heat on solutions of the 
tetramethyl- and triethyl-ammo- 
nium salts of (WALKER and 
APPLEYARD), T., 205; P., 1896, 
12. 

Cyanuric acid, discovery and constitu- 
tion of (HorMaNN LEcTURB), T., 
a40; 

triethylic salt, preparation of (Hor- 
MANN Lecture), T., 716. 

Cyanuric acid, trithio-, trimethyliec 
salt (Hormann Lecture), T., 
717. 

iso-Cyanuric acid, _ trichlorotri- 
methylic salt of (Hormann Lxo- 
TURE), T., 718. 

triphenylic salt of (Hormann Lxo- 
TURE), T., 715. 


(p-isopropylbenzalde- 
rotatory power, 
1125, 1199, 
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Cyanogen. 


éso-Cyanuric acid, thio-, ethereal salts 
of, discovery of (Hormann LeEc- 
TURE), T., 718. 

Cyanomaclurin, non-formation of acid 
compounds of (PERKIN), T., 1440; 
P., 1896, 167. 

Cymene (p-methylisopropylbenzene), 
magnetie rotatory power, &c., of 
(Perkin), T., 1125, 1194, 1242. 

Cymophenone. See Phenyl cymyl 
ketone. 


D. 


Datiscetin, non-formation of acid com- 
pounds of (Perkin), T., 1440; P., 
1896, 167. 

Datisca cannabina, datiscetin, the 
colouring matter of (Perxiy), T., 
1440; P., 1896, 167. 

Dehydrolapachone, constitution of 
(Hooxrr), T., 1369. 

#-Dehydrolapachone (Hooxerr), T., 
1362, 1377. 

Density of liquids, method of deter- 
mining (Perxiy), T., 1043; P., 
1896, 122. 

of liquid oxygen and air (Dewar), P., 
1895, 226. 
of double sulphates of potassium, 
rubidium, and cesium (Turton), 
T., 456; P., 1896, 68. 
Density, vapour, Hofmann’s method 
for the determination of (Hor- 
MANN Lecture), T., 724. 


of metaphosphoric acid (TILDEN | 


and Barnett), T., 158; P., 
1896, 30. 
of phosphoric anhydride (‘TILDEN 
and Barnett), T., 154; P., 
1896, 30. 
Deoxybenzoin. 
ketone. 
Desylacetic acid (8-benzoyl-B-phenylpro- 
pionic acid), formation of, from 
desyleneacetic acid (Japp and 
Lanper), P., 1896, 109. 
formation of, from diphenyldihy- 
droxyglutonic acid (Japp and 
LanpeEr), P., 1896, 108. 
Desyleneacetic acid (B-benzoylcinnamic 
acid), formation of, from anhydr- 
ecetonebenzil (Japp and LANDER), 
P., 1896, 107. 
reduction of (Japp and LANDER), P., 
1896, 109. 
Dextrin, reducing power of, on ammo- 
niacal silver nitrate (HENDERSON), 
T., 151; P., 1896, 9. 
Dextrose. See Glucose. 


See Phenyl benzyl 


| 
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Diacetamidoazobenzene (MELDOLA and 
AnpreEws), T., 11; P., 1895, 215. 
Diacetamidoazoxybenzene (MELDOLA 
and ANDREWS), T., 8; P., 1895, 215. 

1:3: 1’-Diacetoxymethylanthracene 
(Scuunck and Marcutewsk1), T., 
71; P., 1895, 202. 

Diacetylacetone, condensation of (Cot- 
Lig and Wiismore), T., 295; P., 
1896, 47. 

Diacetylglyceric avid, ethylic salt, rota- 
tory power of solutions of, in 
benzene and acetic acid (FRANK- 
LAND and PrcKxarp), T., 135, 
136 ; P., 1896, 11. 

freezing points of solutions of, 

in benzene and acetic acid 

(FRANKLAND and Picxarp), T., 
134,135; P., 1896, 11. 

Diazo-compounds, discovery of (Hor- 
MANN LeEctuRE), T., 698. 


| Diazoaminobenzene, o-dinitro-, alkyla- 


tion of (Mrztpora and SrTREAt- 
FEILD), P., 1896, 49. 
p-dinitro-, alkylation of (MELDOLA 
and SvREATFEILD), P., 1896, 51. 
op-dinitro-, ethyl derivative (MEL- 
DOLA and STREATFEILD), P., 1896, 
50. 

Diazobenzene, op-dichloro- (CHatr- 
AWAy and Evans), T., 850; P., 
1896, 98. 

6: 1-Diazoxyanisoil, 4-nitro- (MELDoLA, 
Wootcott, and Wray), T., 1332; 
P., 1896, 164. 

3 : 2-Diazoxyphenol, 5-nitro- (MELDOLA, 
Wootcortt, and Wray), T., 1334; 
P., 1896, 164. 

Dibenzaconine and its salts (DUNSTAN 
and Carr), P., 1895, 178. 

Dibenzamidoazobenzene (MELDOLA and 
AnprEws), T., 12; P., 1895, 215. 

Dibenzodithiazole, preparation of (Hor- 
MANN Lecture), T., 713. 

Dibenzoxydiphenylmethane (Mac- 
KENZIE), T., 992; P., 1896, 117. 

Dibenzoylglyceric acid, methylic salt, 

rotatory powers of solutions of, in 
benzene, ethylene dibromide, 
nitrobenzene, and acetic acid 
(FRANKLAND and Picxarp), T., 
127, 130, 131, 133; P., 1896, 
11. 
freezing points of solutions of, in 
benzene, ethylene dibromide, 
nitrobenzene, and acetic acid 
(FRANKLAND and Pickarp), T., 
125, 127, 129, 131, 132; P., 1896, 
11. 
Dibenzoylglycerie acid (active), me- 
thylic, ethylic, and propylic salts, 
rotatory power of the (FRANKLAND 


INDEX OF 


and MacGregor), T., 104; P., 
1896, 9. 

Dibenzoylglyceric acid (inactive), 
methylic salt (FRANKLAND and Mac- 
GreGor), T., 106; P., 1896, 9. 

Dibenzoylphenylacetic acid and its 
silver salt (Japp and LAnpDER), T., 
741; P., 1895, 146. 

Dibenzoylphenylmethane (Jape and 
LANDER), T., 742; P., 1895, 146. 

Dibenzoyltartaric acid, rotatory powers 
of the methylic and ethylic salts of 
(FRANKLAND and Wuarron), T., 
1585; P., 1896, 186. 

Dibenzyl, magnetic rotatory power, &c., 
of (PERKIN), T., 1085, 1086, 1195, 
1242. 

Dibenzylamine, magnetic rotatory 
power, &c., of (PERKIN), T., 1103, 
1208, 1245. 

Dibenzylphosphine, preparation of 
(Hormann Lecture), T., 682. 

Diethoxydiphenylmethane (Mac- 
KENZIE), T., 990; P., 1896, 117. 

Diethylamine, disccvery of (HoFMANN 
Lecture), T., 661. 

Diethylaniline (Hormann Lecture), 

T., 598. 

discovery of (Hormann Lecture), 
T., 660. 

magnetic rotatory power, &c., 
(PERKIN), T., 1099, 1100, 1208, 
1244, 

action of ethylic bromide on (Hor- 
MANN Lecture), T., 663. 

sulphonation of (Evans), P., 1895, 
235. 

Diethyldiethylenediamine, discovery of 
(Hormann Lecture), T., 685. 

Diethylenediamine (Hormann LeEc- 
TURE), I’., 684, 685. 

Diethylenetriamine, discovery of, and 
its salts (Hormann Lecture), T., 
686. 

Diethylethylenediamine, discovery of 
(Hormann Lecture), T., 685. 

Diethyloxamic acid, ethylic salt, pre- 
paration of (Hormann Lecture), T., 
662. 

Diethyloxamide, preparation of (Hor- 
MANN Lecture), T., 662. 

Diethylphosphonic acid, preparation of 
(Hormann Lecture), T., 682. 

Diffusion of metals in mercury (Hum- 
PHREYS), T., 243, 1679; P., 1896, 
9,220; (RoBEeRts-AvsTEN), P., 1896, 
219. 

Difluoryls, a-, B-, and y- (Hop@kINsoN), 
P., 1896, 111. 

Dihydrocymene. 


See Methylisopro- 
pyleyclohexadiene, 
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Dihydroxydiphenylglutaric acid (JAPP 
and LanpER), P., 1896, 108. 

1 : 2-Dihydroxyflavone, acid compounds 
of (Perkin), T., 1443; P., 1896, 
167. 


Dihydroxyhydrolapachol, action of 


sulphuric acid on (Hooker), T., 
1368. 

Dihydroxylamine hydriodide (DUNSTAN 
and Govuxpine), T., 841; P., 1896, 
73. 

Dihydroxymaleic acid (Frnton), T., 

547; P., 1896, 67. 
constitution of (FENTON), T., 556. 
isomeric form of (FENTON), 
557. 
a- and B-modifications (Fenton), T., 
560. 
action of acetic anhydride, chloride, 
and benzoic chloride on (FENTON), 
T., 550, 551, 552; P., 1896, 68. 
action of aniline on (FEntTon), T., 
552. 
action of bromine on (FENtTon), T., 
547. 
action of ethylic bromide on (FEN- 
ton), T., 554. 
action of hydrogen bromide, chloride, 
and iodide on (Fenton), T., 547, 
553, 555, 558; P., 1896, 68. 
action of hydroxylamine and phenyl- 
hydrazine on (FENTON), T., 548, 
549; P., 1896, 68. 
action of water on (Fenton), T., 
547. 
Dihydroxymaleic acid, aniline salts 
(Fenton), T., 551, 552. 
diethylic salt (Fenton), T., 554. 
behaviour of, with dehydrating 
agents (Fenton), T., 555. 
action of phenylhydrazine and 
hydroxylamine on (Fenton), T., 
549; P., 1896, 68. 
dimethylic salt, diacetyl derivative 
(Fenton), 'T., 550. 
action of acetic chloride, of phenyl- 
hydrazine, and hydroxylamine 
on (Fenton), T., 549; P., 1896, 
68. 
phenylhydrazine salt, and 
heat on (Fenton), T., 
1896, 68. 

Dihydroxymaleic anhydride, diacetyl 
and dibenzoyl derivatives of (FEN- 
ton), T., 551. 

Dihydroxy-8-naphthaquinone, discovery 
of (Hormann Lecture), T., 621. 

o-Dimethoxybenzene, magnetic rotatory 
power, &c., of (PERKIN), T., 1127, 
1135, 1159, 1188, 1240. 

m-Dimethoxybenzene, magnetic rota- 


T., 


action of 
548; P., 
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tory power, &c., of (PERKIN), T., | 


1127, 1159, 1187, 1240. 
p-Dimethoxybenzene, magnetic rotatory 
power, &c., of (PERKIN), T., 1064, 
1136, 1188, 1240. , 
Dimethoxydiphenylmethane (Mac- 
KENZIE), T., 987; P., 1896, 117. 
Dimethylacetoacetic acid, ethylic salt, 
action of ethylic bromacetate on 
(PERKIN and Tuoreg), P., 1896, 
156. 
Dimethylacetylacetone, magnetic rota- 


tory power and relative density of | 


(Perxrn), T., 1068, 1172, 1237. 
Dimethylaniline, preparation of (Hor- 
MANN Lecture), T., 624, 625. 

magnetic 


(PERKIN), T., 1064, 1099, 1100, 
1108, 1156, 1207, 1232, 1244. 

sulphonation of (Evans), P., 1895, 
235. 


hydrochloride, magnetic rotatory 
power, &c., of (PERKIN), T., 1110, 
1158, 1218, 1220, 1221, 1235, 1246. 
Dimethylaniline, te¢rabromo- (Evans), 
P., 1895, 235, 236. 
2 :4-dinitro- (Evans), P., 1895, 236. 
Dimethylaniline-m-sulphonic acid, p- 
bromo- (Evans), P., 1895, 236. 
dibromo- (Evans), P., 1895, 236. 
dinitro- (EVANS), P., 1895, 236. 
Dimethylaniline-p-sulphonic acid, pre- 
paration of (Evans), P., 1895, 
235. 
bromo-, and its dibromide (Evans), 
P., 1895, 235. 
o-nitro- (Evans), P., 1895, 236. 
aa-Dimethyleyanosuccinic acid, ethylic 
salt (BonE and Perkin), T., 259; P., 
1896, 63. 
Dimethyldiethylammonium iodide, pre- 
paration of (Hormann Lecture), T., 
670. 
B8-Dimethylglutaranil (Perry), T., 
1476. 


88-Dimethylglutaranilic acid (PERKIN), 
T., 1476; P., 1896, 170. 
aa,-Dimethylglutaric acids, resoiution 
of a mixture of (BoNE and PERKIN), 
T., 268; P., 18986, 63. 
88-Dimethylglutaric acid and _ salts 
(PERKIN and Goopwin), T., 1473; 
P., 1896, 170. 
high dissociation constant of (PER- 
KIN), T., 1461. 
action of acetic anhydride on (PER- 
KIN and Goopwsy), T., 1475. 
ethylic salt (PERKIN and Goopwi1n), 
T., 1475. 
B8-Dimethylglutarie anhydride (PEr- 
KIN and Goopwin), T., 1475; P., 
1896, 170. 


rotatory power, &c., of | 
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B8-Dimethylglutaric anhydride, action 
of aniline on (PERKIN), T., 1476. 

1: 3-Dimethyleyclohexane (hexahydro- 
m-xrylene) from camphopyric acid 
(MarsH and Garpner), T., 84; P., 
1895, 206. 

1 : 2-Dimethyleyc/ohexane-4-carboxylic 
acid (hexrahydro-p-rylic acid) and 
its ethylic salt, chloride, and anilide 
(BrenTLEy and Perxiy), P., 1896, 
79. 

bromo-, ethylic salt of (BENTLEY and 
PERKIN), P., 1896, 79. 


| 3: 4Dimethylcyclohexenecarboxylic 


acid (tetrahydro-p-xylic acid) 
[Me,: COOH = 4:3:1] (BEnt- 
LEY and PErkrn), P., 1896, 79. 

dibromide (BENTLEY and PERKIN), 
P., 1896, 79. 

Dimethylhomocatechol, magnetic rota- 
tory power, &c., of (PERKIN), T., 
1127, 1135, 1188, 1240. 

3: 3’-Dimethylnaphthalene, from 2- 
acetyl-1:1’-dihydroxy-3 : 3’-dimetiyl- 
naphthalene, and its oxidation (Con- 
Lig and Witsmore), T., 298; P., 
1896, 47. 

u-Dimethylpenthiazoline, y-bromo-, pro- 
bable identity of, with dimethylallyl- 
thiocarbamide dibromide (Drxon), 
T., 854; P., 1896, 100. 

Dimethylprotocatechuic acid, existence 
of, in Crategus oxryacantha (PERKIN 
and Hummeu), T., 1571; P., 1896, 
186. 

: 6-Dimethylpyridine-4 : 5-dicarboxylic 
acid from hydroxytrimethylsoquinol- 
ine (CottiE and Witsmore), T., 
303; P., 1896, 47. 
cis-aB-Dimethylsuccinic acid from 
ethylic methylmalonate and ethylic 
a-bromopropionate (Bone and PER- 
KIN), T., 262; P., 1896, 64. 
conversion of, into transdimethylsuc- 
cinic acid (BONE and PERKIN), T., 
264; P., 1896, 64. 
calcium salt (Bons and Perxtn), T., 
261; P., 1896, 64. 
cis-aB-Dimethylsuccinic anhydride from 
cis- and trans-modifications (Bone 
and Perkin), T., 264; P., 1896, 64. 
trans-aB-Dimethylsuccinic acid from 
ethylic methylmalonate and a- 
bromopropionate (Bong and PER- 
KIN), T., 262; P., 1896, 64. 
and its ferric, copper, lead, silver, 
calcium salts (BoNE and PERKIN), 
T., 260; P., 1896, 64. 
trans-aB-Dimethylsuccinic anhydride 
(Bone and Perxry), T., 266; P., 
1896, 64. 
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Dimethyl-o-toluidine, magnetic rotatory 
power, &c., of (PERKIN), T., 1108, 
1138, 1156, 1211, 1233, 1245. 

hydrochloride, magnetic rotatory 
power, &c., of (PERKtIn), T., 1111, 
1131, 1139, 1222, 1246. 

Dimethyl-p-toluidine, magnetic rotatory 
power, &c., of (PERKIN), T., 1108, 
1138, 1156, 1211, 1233, 1245. 

hydrochloride, magnetic rotatory 
power, &c., of (PERKIN), T., 1111, 
1131, 1139, 1222, 1246. 

Dipentene, constitution of (TrtpEN), T., 
1014. 

Diphenacyl. 
ketone. 

Diphenoxybutyrie acid. 
oxyethylacetic acid. 

Diphenoxydiethylacetic acid (diphen- 
oxyhexoic acid) and its salts (BENntT- 
LEY, HawortH, and Perkin), T., 
169; P., 1896, 36; (Perkin), T., 
1502. 

Diphenoxydiethylmalonic acid and its 
salts (BrntLtEy, HawortH, and 
Perkin), T., 169; P., 1896, 36; 
(PERKIN), T., 1501. 

action of heat on (BENTLEY, Ha- 
WworTH, and Perkin), T., 169; P., 
1896, 36. 

Diphenoxyethylacetic acid (diphenory- 
butyric acid), action of hydrogen 
chloride in acetic acid on (BENTLEY, 
Hawortn, and Prerxrin), T., 170; 
P., 1896, 36. 

Diphenoxyhexoie acid. 
diethylacetic acid. 

Diphenyl, magnetic rotatory power, &c., 
of (PERKIN), T., 1085, 1087, 1089, 
1153, 1196, 1230, 1242. 

p-amino-, composition of (Hormann 
Lecture), T., 689. 

Diphenylacetamidine, discovery of 
(Hormanw Lucrvre), T., 704. 

Diphenylacetylglyceric acid (active), ro- 
tatory power of the methylic salt of 
(FRANKLAND and MacGRreGor), T., 
111; P., 1896, 10. 

Diphenylallophanie acid, ethylic salt 
(Hormann Lecture), T., 715. 

Diphenylamine, discovery of (HOFMANN 
Lecture), T., €15. 

absorption of picric acid from aqueous 
solution by (WALKER and APPLE- 
yarp), T., 1342; P., 1896, 148. 

Diphenylbenzamidine, discovery of 
(Hormann Lecture), T., 705. 

m-Diphenylbenzene, synthesis of, and 
its identity with isodiphenylbenzene 
(CHatTAWAy and Evans), T., 982 ; 
P., 1896, 114. 

By-Diphenylbutyric acid, identity of, 


See Diphenylethylene di- 


See Diphen- 


See Diphenoxy- 


| Diphenyldiethylenediamine, 


| Diphenylmetbane, 


with pyroamaric acid (Japp and Laxs 
DER), P., 1896, 110. 
s-Diphenylearbamide (carbanilide), 
preparation of (Hormann Lgc- 
TURE), T., 649, 652. 
discovery 
of (Hormann LecrvuRE), T., 684. 
Diphenylethylenediamine, discovery of 
(Hormann Lecture), T., 685. 
Diphenylformamidine (diphenylmeth- 
enylamidine) discovery of (HOFMANN 
Lecture), T., 684, 705. 
Diphenylfumarie acid, production of, 
fromanhydracetonebenzilcarboxylic 
acid (Japp and LANDER), P., 1896, 
109. 
production of, from diphenyleyclo- 
pentenonylacetic acid (Japp and 
Murray), P., 1896, 147. 
Diphenylguanidine (melaniline), prepa- 
ration of: its salts and halogen 
derivatives (Hormann LxEcTURE), 
T., 650. 
action of cyanogen on (Hormann 
Lecture), T., 651. 
dicyano- (Hormann Lecture), T., 
653. 
dinitro- (Hormann Lecture), T., 
651, 695. 
Diphenylhydroxycyclopentanonecarb- 
oxylic acid (Japp and LanpeER), P., 
1896, 109. 
Diphenylic ethylenic ether (BENTLEY, 
Haworth, and Perkin), T., 165. 
methylenic ether (BENTLEY, Ha- 
wortTH, and Perky), T’., 166, 167. 
Diphenylmaleie acid, production of, 
from anhydracetonbenzilcarboxylic 
acid (Japr and LANDER), P., 1896, 
109. 
production of, from diphenyleyclo- 
pentenonylacetic acid (Jarp and 
Mvrray), P., 1896, 147. 
magnetic rotatory 
power, &c., of (PERKIN), T., 1064, 
1085, 1086, 1152, 1195, 1230, 1242. 
Diphenyleyclopentane (JAPP and 
LANDER), P., 1896, 108. 
Diphenyleyclopentenone (JaPPr and 
LANDER), P., 1896, 108. 
Diphenyleyclopentenonylacetic acid 
(Japp and Murray), P., 1896, 147. 


| s-Diphenylthiocarbamide, action of 


iodine on (Hormann Lecturz), T., 
715. 

Dipropionylglyceric acid, active, rota- 
tory power of the methylic salt of 
(FRANKLAND and MacGregor), T., 
116; P., 1896, 10. 

Dipropyl ketone, magnetic rotatory 
power and relative density of (PER- 
KIN), T., 1068, 1172, 1236. 
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Disazo-compound, C,,;H,.N;, obtained | 


from the product of the action of 
chloroform and potash on m-amino- 
benzoic acid (Etuiorr), T., 1516; 
P., 1896, 171. 

Dissociation of carbon dioxide, effect in 
limiting the combustion of carbonic 
oxide of the (Dixon), T., 786; P., 
1896, 56. 

o-Ditoluoyltartaric acid, rotatory power 
of the methylic and ethylic salts of 
(FRANKLAND and Wuarron), T., 
1312, 1589; P., 1896, 148. 

m-Ditoluoyltartaric acid, rotatory power 
of the methylic and ethylic salts of 
(FRANKLAND and Wuarron), T., 
1317 ; P., 1896, 148. 

p-Ditoluoyltartaric acid, rotatory power 
of the methylic and ethylic salts of 
(FRANKLAND and Wuarron), T., 
1314; P., 1896, 148. 

Dyeing, chemical theory of (WALKER 
and APPLEYARD), T., 1341; P., 
1896, 148. 

Dyes, acid 


compounds of yellow 


(Perkin), T., 1440; P., 1896, 167. 
constitution of natural yellow (PER- 
KIN), T., 1489; P., 1896, 167. 


E. 


Elaboration, distinction between 
assimilation and (Cross, BEVAN, and 
SmiruH), T., 1605; P., 1896, 174., 

ELECTRICITY. 

Conductivity of formanilide (Ewan), 

T., 96; P., 1896, 8. 
of sodium thioformanilide (Ewan), 
T., 97; P., 1806, 8. 

Pyroelectric properties of cis-m-cam- 
phanic acid (Pope), T., 973; P., 
1896, 116. 

Electrolysis, Helmholtz’s discoveries in 
(F1tzGERALD), T., 900; P., 1896, 
25. 

Electrolytic-dissociation, theory of 
(FirzGEraLD), T., 906; P., 1896, 
25. 

Ellagic acid, occurrence of, in Quer- 
bracho coloradv (PERKIN and 
GuUNNELL), T., 1307; P., 1896, 158. 

Eosin. See Fluorescein, tetrabromo-. 

Equilibrium between alkylammonium 

eyanates and the corresponding 
carbamides (WALKER and APPLE- 
YARD), T., 193; P., 1896, 12. 
between diphenylamine, picric acid, 
and water (WALKER and APPLE- 
YARD), T., 1342; P., 1896, 148. 
between picric acid dissolved in water 
and absorbed by silk (WALKER and 
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AprLEYARD), T., 1339; P., 1896, 
147. 
Ethanetetracarboxylic acid, ethylic salt 
(PERKIN and THorpez), T., 1485. 


| Ethenyl-o-aminothiophenol amyl- 


iodide, colouring matter obtained 
from (Hormann Lecture), T., 714. 
Ethoxyacetic acid, copper and sodium 
salts, electrolysis of (WALKER), T., 
1278, 1279. 
u-Ethoxypenthiazoline, y-bromo- (D1x- 
on), T., 31; P., 1895, 217. 

Ethylamine, discovery of (Hormann 

Lecture), T., 656. 
action of nitrous acid on (HOFMANN 
Lrcrvunre), T., 698. 

Ethylanhydrodibenzilacetoacetic acid 
and its potassium, silver,and barium 
salts (J App and Lanper), T., 739 ; 
P., 1895, 146. 

ethylic salt of (JApP and LANDER), 
T., 738; P., 1895, 146. 

reduction of (JarPp and LANDER), T., 
743; P., 1895, 146. 

Ethylaniline (Hormann Lecture), T., 

598. 
discovery of (Hormann LEcTURE), 
T., 660. 
magnetic rotatory power, &c., of 
(Perkin), T., 1099, 1208, 1244. 
o-nitro- (MrLpora and STReAt- 
FEILD), P., 1896, 51. 
Ethylbenzene, magnetic rotatory power, 
&e., of (PERKIN), T., 1079, 1082, 1083, 
1094, 1096, 1192, 1241. 
Ethylene, explosive mixtures of air 
and (CLowEs), P., 1895, 201. 
Ethylene, ¢ribrom- (HAwoRTH and 
Perxiy), T., 177. 
Ethylenediamine (Hormann LECTURE), 
T., 684. 
Ethylenic dibromide, action cf potas- 
sium carbonate on (HAWORTH 
and PERKIN), T., 175; P., 1896, 
37. 
action of sodium phenoxide on 
(BentLtty, Haworts, and PER- 
KIN), T., 168. 
dichloride, magnetic rotatory power 
and relative density of (PERKIN), 
T., 1063, 1173, 1237. 
chlorobromide, action of sodium phen- 
oxide on (BENTLEY, HaworrTH, 
and Perkin), T., 165. 

Ethylic alcohol, action of light on 
(Ricuarpson and Fortey), T., 
1351; P., 1896, 164. 

action of hydrogen chloride on 
(Carn), P., 1896, 12. 
Ethylic ether, action of light on 
(RicHARDSON and ForteEy), T., 1352 ; 
_P., 1896, 165. 
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Ethylic iodide, magnetic rotatory power 
and relative density of (PERKIN), T., 
1063, 1173, 1237. 

Ethylmauveine, discovery of (Hor- 
MANN LecruEg), T., 618. 

Ethylmesitylene. See 1: 3:5: 2-Tri- 
methylethylbenzene. 

Ethylpropylisobutylammonium  chlor- 
ide, optically active (Hormann LeEc- 
TURE), T., 671. 

Ethylisopropylisobutylphosphine and 
its methiodide (HoFrMANN LECTURE), 
T., 682. 

Ethyl-a-thiocarbonic acid, 
salt of (Doran), T., 341. 

Ethyltriethylphosphonium bromide, 

brom-, preparation of (HOFMANN 
Lecture), T., 678. 

action of trimethylamine and tri- 
ethylamine on (Hormanun Luc- 
TURE), T., 679. 

Eugenol, magnetic rotatory power, c., 
of (PERKIN), T., 1127, 1142, 
1247. 

iso-Eugenol, magnetic rotatory power, 
&ec., of (Perkin), T., 1127, 1147, 
1247. 

Euxanthone, non-formation of acid com- 
pounds of (Perxrn), T., 1440; P., 
1896, 167. 

Explosion of mixtures of cyanogen, oxy- 
gen, and nitrogen, rate of (Dixon, 
STRANGE, and GranaM), ‘I, 761; 
P., 1896, 53. 

wave in chlorine peroxide, rate of the 
(Dixon and Harxer), T., 791; P., 
1896, 57. 


potassium 


Explosive mixtures of gases with air | 


(CLowEs), P., 1895, 201. 


F. 


Fermentation of furfuroids by yeast 
(Cross, Bevan, and SmirgH), T., 
816; P., 1896, 96. 

of furfuroids from barley straw by 
yeast (Cross, Bevan, and SMITH), 
T., 1607; P., 1896, 174. 


Fisetin, identity of, with colouring mat- | 


ter of Querbracho colorado (PER- 
KIN and GUNNELL), T., 1306; P., 
1896, 158. 

acetyl and benzoyl derivatives of 
(PERKIN and GuNNELL), T., 1305; 
P., 1896, 158. 

Flames, structure of hydrocarbon 
(Lewes), 'T., 235; P., 1896, 2; 
(SMITHELLS), P., 1896, 3. 

of hydrocarbons, cause of the lumino- 
sity of (SMITHELLs), P., 1896, 3. 
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Flames, acetylene theory of the luthin- 
osity of hydrocarbon (Lewes), T., 
226; P., 1896, 1; (SMITHELLs), 
P., 1896, 3. 

temperature of certain (Lewes), T., 
228; P., 1896, 2; (Harr ey), T., 
842-844; P., 1896, 98; (Har- 
court, THORPE, RUcKER, SMITH- 
ELLS), P., 1896, 3-5. 

of cyanogen and carbonic oxide under- 
going explosive combustion, dura- 
tion of the (Drxon, STRANGE, and 
GrauHaM), T., 763 ; P., 1896, 54. 

Flavopurpurin, discovery of (HOFMANN 
Lecture), T., 633. 

Fluorene, oxidation of (HopGKINSON), 
P., 1896, 110. 

Fluorescein, tetrabromo-, (eosin), com- 
position of (Hormann Lec'rvurg), T., 
626. 

Formaldehyde, discovery of (HOFMANN 

Lecture), T., 706. 

occurrence of a condensation product 
of pentose with, in cellulose (CRoss, 
Bevan, and Smiru), T., 813; P., 
1896, 96. 

hydrazone of (WALKER), T., 1279. 

action of phenylhydrazine on (WAL- 
KER), T., 1280. ; 

Formaldehyde, ¢rithio-, preparation of 
(Hormann Lecture), T., 707. 

Formanilide, preparation of (LuUx- 
MOORE), T.,190; P., 1895; 149. 

electrical conductivity of solutions of 
(Ewan), T., 96; P., 1896, 8. 

magnetic rotatory power, &e., of 
(PERKIN), T., 1114, 1216, 1246. 

action of caustic soda on (HOFMANN 
Lecture), T., 704. 

sodium ethoxide (COHEN and ARcH- 
DEACON), T., 94; P., 1896, 8. 

Formanilide, thio-, preparation of 
(Hormann Lecture), T., 710. 

electrical conductivity of the sodium 
salt of (Ewan), T., 97; P., 1896, 
8 


Formic acid, condensation of, with pen- 
toses (CRoss, BEVAN, and SmirH), 
T., 813; P., 1896, 96. 
amylic salt, molecular volume of, in 
organic solvents (Nicoz), T., 143; 
P., 1895, 237. 
ethylic salt, molecular volume of, in 
organic solvents (Nico), T., 143; 
P., 1895, 237. 
Formophenylhydrazide, disodium deri- 
vative of (COHEN and ARCHDEACON), 
T., 95; P., 1896, 8. 
French purple, discovery of (Hormann 
Lecture), T., 608. 
Fructose. See Levulose. 
Fuchsine. See Rosaniline. 
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Fumaric acid, chloro-, action of hydra- 
zine and phenylhydrazine on 
(RuHEMANN), T., 1396; P.,1896, 
166. 

ethylic salt, condensation of, with 
ethylic acetoacetate (RUHE- 
MANN and TyLeEr), T., 532; 
P., 1896, 73. 
condensation of, with ethylic ben- 
zoylacetate (RUHEMANN and 
Wotrr), T., 1384; P., 1896, 
166. 
condensation of, with ethylic 
methylacetoacetate (RuHE- 
MANN and WotrFr), T., 1386 ; 
P., 1896, 166. 

Furfuraldehyde, percentage of, in cel- 
lulose, and soluble products of cellu- 
lose (Cross, BEVAN, and Smirn), T., 
807; P., 1896, 96. 

Furfuroids, condition of, at different 
stages of plant (Cross, Bevan, and 
Smiru), T., 1609; V., 1896, 175. 

relation of, to total carbohydrates 
from barley straw (Cross, BEVAN, 


and Smirn), T., 1606; P., 1896, | 


174. 

oxidation of, by bromine (Cross, 
BrEvan, and Smirn), T., 815; P., 
1896, 96. 

fermentation of, by yeast (Cross, 
BEvAN, and Smirn), 'I., 816; P., 
1896, 96. 

osazones and yeast, fermentation of, 
from barley straw (Cross, Bevan, 
und SmitH), T., 1607; P., 1896, 
174. 

reaction of, with hydrogen peroxide 
(Cross, Bevan, and Smiru), T., 
1607; P., 1898, 174. 

estimation of, in plants (Cross, 
BEVAN, and Smiru), T., 1604; P., 
1896, 174. 

separation of, from cellulose by acid 
hydrolysis (Cross, Brvan, and 
Smirn), T., 806; P., 1898, 96. 


G. 


Galactose, reducing power of, on am- 
moniacal silver nitrate (HENDERSON), 
T., 152; P., 1896, 9. 

Gallic acid, occurrence of, in Quer- 
bracho colerado (PERKIN and 
GuNNELL), T., 1307; P.,1896,158. 

occurrence of, in sunfiach (PERKIN 
and ALLEN), T., 13802; P., 1896, 
157. 
Gas, coal-, explosive mixtures of air and 
(CLowss), P., 1895, 201. 
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Gases, effect of electric sparks 
(Hormann Lectvurg), T., 727. 
liquefaction of (Dewar), P., 1895, 
221. 
combination of, in equal volumes 
(Drxon), T., 780; P., 1896, 56. 

Gentisin, non-formation of acid com- 
pounds of (PERKIN), T., 1440; P., 
1896, 167. 

d-Glucose (dextrose), identity of, from 
different sources (O’SULLIVAN and 
Srern), T., 1691; P., 1896, 218. 

synthesis of (HormaNN LECTURE), 
T., 707. 

specific rotatory power of, from 
different sources (O’SULLIVAN and 
Stern), T., 1695; P., 1896. 218. 

specific gravity of aqueous solutions 
of, from different sources (O’SULLI- 
VAN and STeky), T.,1693; P., 1896, 
218. 

cupric reducing power of, from dif- 
ferent sources (O’SULLIVAN and 
Stern), T., 1696; P., 1896, 218. 

reducing power of, on ammoniacal 
silver nitrate (HENpExRson), T., 
145; P., 1896, 9. 

Glucosides, existence of colouring mat- 
tersas (PERKIN and HomMeEt.), T., 
1572; P., 1896, 186. 

Glycocine (aminoacetic acid), consti- 
tution of (SAKURAI), P., 1896, 38. 

Glycol, preparation of (HawortTH and 
Perkin), T., 175; P., 1896, 37. 

chlorhydrin, action of sodium 
ethoxide and phenol on (BENTLEY, 
Haworth, and Perkin), T., 164. 

monophenyl ether (BENTLEY, 
Haworrtn, and Perkin), T., 164. 
Glycollic acid, sodium salt, electrolysis 
of (WALKER), T., 1278. 
Gold-alloys with silver, solubility of, 
in potassium cyanide solutions 
(Mactavrin), T., 1276; P., 1896, 
149. 
Gold, double sulphides of silver, lead, 
iron, copper, and (Macraugriy), T., 
1269; P., 1896, 149. 
Guaiacol, magnetic rotatory power, &c., 
of (PERKIN), T., 1127, 1135, 1188, 
1240. 
p-nitro- [OH : OMe : NO, = 1:2:4] 
(Metpora), P., 1896, 125—127., 
dinitro- [OH : OMe : (NO). = 
1: 2:4:6] (MELpora, WootcorT, 
uid Wray), T., 1331. 

nitramino- [OH : OMe: NO,: NH, 
= 1:2:4:6], and its acetyl de- 
rivatives (MELDOLA, Woo.Lcort, 
and Wray), '., 1331; P., 1896, 
164. 


on 
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Guanidine, preparation of (HorMANN 
Lecture), T., 715. 


H. 


Hawthorn blossom, colouring matter of 
white (Perkin and Huet), T., 
1570; P., 1896, 186. 

HEAT :— 

Boiling points, apparatus for deter- 
mining (PERKIN), T., 1041; P., 
1896, 122. 

of organic substances (PERKIN), T., 
1247. 

Freezing points of soluticns of active 
ethylic diacetylglycerate in acetic 
acid and in benzene (FRANKLAND 
and PickarD), T., 134, 135; P., 
1896, 11. 

of solutions of active and inactive 
methylic dibenzoylglycerates in 
acetic acid, benzene, nitro-ben- 
zene, and ethylenic dibromide 
(FRANKLAND and PICKARD), 
I’., 125, 127, 129, 131, 1382; P., 
1896, 11. 

Temperature of certain flames 
(Haxrttey), T., 844; P., 1896, 98. 

Temperatures, low (Dewar), P., 
1895, 221. 

Thermodynamics, applications of, to 
chemistry (F1TzGERALD), T., 895 ; 
P., 1896, 25. 

Helmholtz memorial lecture (F1rTz- 
GERALD), T., 885; P., 1896, 25. 
discussion on (Harcourt, LISTER, 
FRANKLAND, RayLeIcu, Roscor, 
ARMSTRONG, PoyntTING), P., 1896, 


Hemimellitic acid (1 : 2 : 3-benzenetri- 
carboxylic acid) from methylpur- 
puroxanthin (Scnunck and Mar- 
CHLEWSKI), T.,70; P., 1895, 203. 

Hemp, Indian, charas, the resin of 
(Woop, Spivey, and EAsTERFIELD), 
T., 539; P., 1896, 76. 

Heptane, magnetic rotatory power and 
relative density of (PERKIN), T., 1063, 
1172, 1236. 

Heptoic acid (@nanthoic acid) magnetic 

rotatory power and relative density 
of (PERKIN), T., 1063, 1172, 1236. 

ethylic salt, magnetic rotatory power 
and relative density of (PERKIN), 
T., 1063, 1172, 1236. 

phenylic salt, magnetic rotatory 
power, &c., of (PERKIN), T., 1064, 
1075, 1076, 1078, 1180, 1239. 

Hexabenzoylmyricetin, preparation and 
properties of (PERKIN and HUMMEL), 
T., 1291; P., 1896, 145. 
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Hexacetylmyricetin, preparation and 
properties of (PERKIN and HUMMEL), 
T., 1291; P., 1896, 145. 

Hexamethoxyrosolic acid, constitution 
of (Hormann Lecture), T., 627. 

Hexamethylbenzene, preparation of 
(Hormann Lecrure), T., 721. 

IHexane, normal, from light petroleum 
(Tnomas and Youne), P., 1895, 
172. 

normal, physical constants of 
(T'Homas and Youne), P., 1895, 
174. 

HEXANETRICARBOXYLIC ACID :—a-tso- 
Propylpropane-aa,a,-tricarboxylic 
acid, and salts (PERKIN), T., 1492, 
1493 ; P., 1896, 170, 154; (HEINKE 
and Perkin), T., 1507; P., 1896, 
155. 

action of heat on (PERKIN), T., 1495. 
ethylic salt (PERK:N), 'I’., 1490, 1491 ; 
P., 1896, 170,154; (HEINKE and 
Perkin), T., 1507; P., 1896, 
155. 
action of alcoholic potash on 
(HernxeE and Perxiy), T., 1507; 
P., 1896, 155. 
sodio-, action of phenoxyethylic brom- 
ide on (PERKIN), T., 1504; P., 
1896, ‘170. 
HEXENOIC ACIDS :— 
iso-Propylacrylic acid and trimethyl- 

acrylic acid, preparation of the 
mixed ethereal salts of (PERKIN), 
‘'., 1488; P., 1896, 170, 154. 

ethylic salt, action of ethylic sodio- 
malonate on (PERKIN), T., 1490; 
P., 1896, 170, 154. 

Trimethylacrylic acid (PERKIN), T., 

1478; P., 1896, 170, 154; (Prr- 
KIN and THorPE), T., 1485; P., 
1896, 157. 

action of bromine on (PERxry), T., 
1480; P., 1896, 154; (PERKIN 
and THorPE), P., 1896, 157. 

actionof hydrobromicand hydriodic 
acids on (PERKIN), T., 1481; P., 
1896, 154. 

action of phosphorus trichloride on 
(PERK), T., 1480. 

ethylic salt, action of ethylic malon- 
ate on (PERKIN), T., 1495. 

anilide of (PerxK1n), T., 1480. 

chloride of and action of aniline on 
(Perxiy), T., 1480. 

Hexethylethylenediphosphonium di- 
bromide, preparation of (HorFMANN 
Lecture), T., 678. 

dichloride, preparation of (HormanNn 
LxectuRE), T., 680. 

diiodide and dihydrate, action of heat 
on (Hormann Lectugs), T., 678. 


1732 INDEX OF 
HEXOIC ACIDS :— 
aBB-Trimethylpropionic acid (a- 
methylisopropylacetic acid, a- 
methylisovaleric acid) (PERKIN), 
T., 1476. 
action of heat on (PERKIN), T., 1477. 
action of bromine and phosphorus 
pentabromide on (PERKIN), T., 
1478. 
aBB-Trimethylpropionic acid 
a-bromo-, ethylic salt (PERKIN), 
T., 1478. 
action of alcoholic potash on 
(Perkin), T., 1478, 1485, 
1486; P., 1896, 170. 
action of ethylic sodiomalonate 
on (PERKIN and THorpPs), T., 
1485, 1498. 
action of quinoline on (PERKIN), 
T., 1489; P., 1896, 170, 154. 
B-bromo- (PERKIN), T., 1481; P., 
1896, 170, 154; (PERKIN and 
THoRPE), T., 1484; P., 1896, 
156. 
ethylic salt (PERKIN and 
THorPE), T., 1484, 
action of alcoholic potash on 
(Perxin), T., 1478, 1485, 
1486 ; P., 1896, 170. 
action of ethylic sodiomalonate 
on (PERKIN), T., 1485, 1498. 
hydrolysis of (PERKIN and 


Torres), P., 1896, 157. 
dibromo -(PERKIN), T., 1480; P., 
1896, 170, 154; (PERKIN and 
THorPE), P., 1896, 157. 
B-iodo- (Perkin), T., 1481; P., 


1896, 170, 154; (PERKIN and 
Torre), T., 1485; P., 1896, 
157. 

ethylic salt (PERKIN and 
THorPe), T., 1485. 

Hexose, change of, to pentose deriva- 
tives in cereal celluloses (Cross, 
Bevan, and Smirn), T., 1609; P., 
1896, 175. 

formation of a pentose monoformal 
from, in plants (Cross, Brvan, 
and SmirH), T., 1610; P., 1896, 
175. 


Hofmann memorial lectures (PLAYFAIR, 


ABEL, PERKIN, ARMSTRONG), 
575; P., 1898, 133. 

Hofmann-violet, green dye obtained 
from (Hormann Lecture), T., 622. 

Homopyrocatechol, magnetic rotatory 
power, &c., of (PERKIN), T., 1135, 
1183, 1239. 

Hydracetylacetone, magnetic rotatory 
power and relative density of (PER- 
KIN), T., 1063, 1172, 1237. 

Hydrazine, formation of, by reduction | 


a4 


SUBJECTS. 


ot nitrososulphates (Divers and 

Haa@a), T., 1613; P., 1896, 179. 

Hydrazobenzene, discovery of (Hor- 

MANN Lecture), T., 689. 

Hydrindene, magnetic rotatory power, 

&e., of (Prrxrn), T., 1083, 1144, 

1153, 1196, 1197, 1229, 1242. 

Hydrindone, magnetic rotatory power, 

&e., of (Perkin), T., 1093, 1201, 

1243. 

a-Hydrindone, action of bromine on 
(Revisand Kippina), P., 1895, 214. 

. dibyomo- (ReEvis and Krprine), P., 
1895, 214. 
action of alcoholic potash on (REV!s 
and Kippine), P., 1895, 214. 
iso-Hydrobenzoin, from the electrolysis 
of potassium mandelate (WALKER), 

T., 1279. 

Hydrocarbon, C,;H2:., from santalal 
(CuapMaN and Burgagss), P., 
1896, 140. 

CopH oo, from Charas (Woop, SPIVEyY, 
and EAasTEeRFIELD), T., 543; P., 
1896, 76. 

Hydrocarbons in coal-tar (HoFMANN 

Lecture), T., 693. 

Hydrogen, liquefaction of (DEwaR), P., 
1895, 229; (Ramsay), P., 1895, 
231. 

direct union of, with carbon (BONE 
and JorDAN), P., 1896, 61. 

explosive mixtures of air and 
(CLowEs), P., 1895, 201. 

Hydrogen peroxide, production of, dur- 

ing oxidation (Drxon), T., 779; 
P., 1896, 56. 

formation of, from ether by action 
of light (RicHaRDsoN and For- 
TEY), T., 1352; P., 1896, 165. 

formation of, from certain organic 
substances by action of light 
(RicHaRDSON and Fortey), T., 
1849; P., 1896, 164, 165. 

reaction of furfuroids with (Cross, 
Bevan, and Smits), T., 1607; 
P., 1896, 174. 

oxidation of pentoses by (Cross, 
Bevan, and SmirH), T., 815; 
P., 1896, 96. 

Hydrolapachol, chlor- (Hooxer), T., 

1361. 

1-Hydroxy-1’-acetonyl-3 : 3’-dimethyl- 

isoquinoline, hydrochloride, platino- 

chloride (CoLLIE and WItsMoREz), 

T., 301; P., 1896, 47. 

w-Hydroxy-cis-r-camphanic acid and its 

acetyl derivative (Krprrn@), T., 947; 

P., 1896, 115. 


| w-Hydroxycamphoric acid, barium salt, 


acetyl derivative of the anhydride 
(Krprixe), T., 938; P., 1896, 115. 


INDEX OF SUBJECTS. 


w-Hydroxycamphoric acid, oxidation of 
(Kiprine), P., 1895, 211. 
w-Hydroxycamphotricarboxylic acid, 
isomeric lactones, silver salt (Krp- 
Pina), T., 961; P., 1896, 115. 
Hydroxydibromocamphorsulphonic 
acid: its bromide and lactone (Lap- 
wortH and Krprrine), P., 1896, 
78. 
aB8-Hydroxydiphenylbutyric acid (iso- 
phenethylmandelic acid) (Japp and 
Lanper), P., 1896, 108. 
y-Hydroxy-By-diphenylbutyric acid 
(Jappr and LANDER), P., 1896, 110. 
1-Hydroxy-1 : 2-diphenyleyelopentan- 
4-one (Japr and LanpeER), P., 1896, 
107. 
2-Hydroxy-2 : 3-diphenyleyclopenten- 
onylacetic acids, a- and B- (Japp and 
Murray), P., 1896, 147. 
2-Hydroxy-2 : 3-diphenyleyclopenten- 
onylacetic acid, B-lactone of (Japr 
and Murray), P., 1896, 147. 
Hydroxyethyltriethylphosphonium 
hydroxide, preparation of (HorMANN 
Lecture), T., 678. 
HyYDROXYHEXOIC ACIDS :— 
B-Hydroxy-a8f8-trimethylpropionic 
acid (hydroxy-a-methylisovaleric 
acid) (PkRKIN and THorPe), T., 
1482, 1486, 1487; P., 1896, 156. 
action of hydriodic and hydrobromic 
acids on (PERKIN), T., 1487; 
(PERKIN and Tuorrs), T., 1484, 
1485. 
salts of (PERKIN and THorPe), T., 
1486, 1487. 
ethylic salt (PERKIN and THORPE), 
Y., 1482; P., 1896, 156. 
Hydroxyhydrolapachol (Hooxer), T., 
1361. 
Hydroxylamine, formation of, by reduc- 
tion of nitrites (Divers and Hag@a), 
T., 1612; P., 1896, 179. 
action of hydrogen iodide on (Dun- 
STAN and GouLp1Nn@G), T., 840, 841 ; 
P., 1896, 73. 
amidosulphonate 
Haea), T., 1647. 
comparison of hydriodides and hydro- 
chlorides of (DunstaN and GouUL- 
DING), T., 841, 842. 
Hydroxylamine sulphate, preparation 
of (Divers and Haa@a), T., 
1665; P., 1896, 178. 
action of metallic iodides on (Dun- 
STAN and Gourpin@), T., 840. 
Hydroxy-iso-lapachol, preparation of 
(Hooxer), T., 1368, 1375. 
Hydroxy-a-lapachone, synthesis of 
(Hooxer), T., 1370, 1372. 


(DivERs and 
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Hydroxy-8-lapachone, formation of 

(Hooxer), T., 1381. 
preparation of (HooxERr), T., 1368. 

5: 2-Hydroxymethyleoumalin (RvuHE- 
MANN and Wo Fr), T., 1388. 

5 : 1-Hydroxymethyldihydropyridone- 
3 : 4-dicarboxylic acid, amide of mon- 
ethylic salt (RUHEMANN and TYLER), 
T., 533; P., 1896, 73. 

2 : 3-Hydroxynaphthoie acid, constitu- 
tion of, in relation to colour 
(ArMstrRoNG), P., 1896, 42. 

etherification of (ArmMsTRONG), P., 
1896, 43. 
y-Hydroxy-8-phenoxyethylbutyric acid 
(BentLEY, HawortnH, and PERKIN), 
T., 170; P., 1896, 36. 
ab-p-Hydroxyphenylearboxyethylthio- 
carbamide (Doran), T., 329; P., 
1896, 74. 

B-Hydroxy-aaf-trimethyladipic acid 
(PERKIN and THorre), P., 1896, 
156. 

8-Hydroxy-aaf-trimethyladipie acid, 
lactone of (PExkINand THoRPE), P., 
1896, 156. 

a-Hydroxy-a8f-trimethylglutaric acid, 
ethylic salt (PERKIN and THorPr), 
P., 1896, 156. 

B-Hydroxy-aa8-trimethylglutaric acid, 
action of the bromides of phos- 
phorus on (PERKIN and THorre), 
P., 1896, 156. 

ethylic salt (PERKIN and Torre), 
P., 1896, 156. 

1-Hydroxy-l’ : 3’ : 3-trimethylisoquinol- 
ine: its hydrochloride; oxidation of 
(Contre and Witsmorg), T., 302; 
P., 1896, 47. 


I. 


Indene, magnetic rotatory power, &c., of 
(PERKIN), T., 1083, 1144, 1153, 1196, 
1197, 1230, 1242. 

Induline, discovery of (Hormann Lec- 
TURE), T., 622. 

Inversion, mechanism of (ARMSTRONG), 
P., 1896, 46. 

Iodine, reaction of, with dilute ammo- 
nia solution (CHaTTawAy), T., 1577 ; 
P., 1896, 173. 

Iron, double sulphide of gold and 
(Mactavrin), T., 1274; P., 1896, 
149. 

Ferric amidosulphonate (DIVERS and 
Haga), T., 1647. 
chloride, hydrated, absorption of 
moisture by (Haxkk), P., 1896, 
34. 
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fron :— 
Ferrous amidosulphonates 
and Ha@a), T., 1647. 
aluminium sulphate, occurrence of, 
on bricks exposed to sulphurous 
anhydride (Parersox), T., 66; 
P., 1895, 203. 
cesium sulphate, density and opti- 
cal behaviour of (Turron), T., 
396. 
potassium sulphate, density and 
optical behaviour of (Turron), 
T., 387. 
rubidium sulphate, density and 
optical behaviour of (Turron), 
T.. 391. 
Isatin, action of nitrous acid on (Hor- 
MANN LecturRg), T., 699. 
nitration of (Hormann LECTURE), 
T., 647. 
Isomerism, position, influence of, on 
optical activity (FRANKLAND 
and Wuarron), T., 1583; P., 
1896, 186. 
effect of, on rotatory power 
(FRANKLAND and WHAaAkrTON), 
T., 1320; P., 1896, 148. 
Tsonitriles, alkylic, preparation of 
(Hormann LeEctuRE), T., 663. 


(DIvERS 


a 


Ketone-group of natural dye stuffs 
(Perkin), T., 1440; P., 1896, 167. 
Ketopinic acid, its methylic, barium, 
and calcium salts, hydrazone, and 
oxime (ArMsTRONG), P., 1896, 167; 

T., 1401. 

Kinoin, non-formation of acid com- 
pounds of (PErxry), T., 1440; P., 
1896, 167. 

Knaresborough dropping well, analysis 
of water of (Burret), T., 536; P., 
1896, 73. 


L. 


Lactie acid, sodium salt, electrolysis of 
(Waker), T., 1278. 

d-Lactie acid, conversion of, into levo- 

lactic acid (PURDIE and WILLIAM- 
son), 'T., 887; P., 1896, 97. 

specific rotation of the ethylic salt of 
(PurDIE and Witttamson), T., 
827; P., 1896, 97. 

Lactone, C,9H,,0;, from dibromocam- 
pholide, and its bromo-derivative 
(ForstEp), T., 43; P., 1895, 208. 

Lactonic acid, C,H,O;, from dihydroxy- 
maleic acid and hydrogen bromide in 


INDEX OF SUBJECTS. 


presence of acetic acid (Fenton), T.; 
559. 

Lactose (milk sugar), reducing power 
of,on ammoniacal silver nitrate (HEN- 
DERSON), T’., 152; P., 1896, 9. 

a-Lapachan, preparation of (HOOKER), 
T., 1365. 

B-Lapachan, preparation of, and its 
picrate (Hooker), T., 1365. 

Lapachol, constitution of (HooKeEr), 
T., 1355; P., 1896, 166. 

tso-B-Lapachol, constitution of 

(Hooker), T., 1357, 1363. 
synthesis of, and its acetate (HOOKER), 
T., 1362. 
bromide (Hooxer), T., 1360, 1379. 

Lapachone (Hooker), T., 1361. 

a-Lapachone, reduction of (HooKeRr), 
T., 1366. 


| B-Lapachone, reduction of (HooxEr), 


T., 1367. 
bromo- (Hooker), T., 1361. 

iso-Lapachone (HooxeR), T., 1362. 

Laurolene from potassium alloethylic 
camphorate (WALKER and HENDER- 
son), T., 750; P., 1896, 110. 

Lauronolic acid, constitution of (WAL- 
KER and HENDERSON), T., 75S. 

Lead, rate of diffusion of, in mercury 
(Humpureys), T., 250; P., 1896, 9. 

Lead alloys with tin and cadmium, solu- 
tion and diffusion of, in mercury 
(Humpueeys), T., 1681; P., 1896, 
220. 

Lead salts, list of quadrivaient (Hurcu- 
INSON and PotuarD), T., 225. 

Lead tetrachloride (HutcHINsoNn and 

PortaRD), T., 218. 
imidosuiphonates (Divers and 
Haaa), T., 1626. 

Lead oxides :— 

Red lead, action of glacial acetie acid 
on (HuTcHINSON and Pottarp), 
T., 213; P., 1896, 31. 

Lead tetraphosphate (Hurcntnson 
and PoxtarD), T., 221; P., 1896, 
31. 

Lead, double sulphide of gold with 
en T., 1273; P., 1896, 

Lecture experiment : with ozone, appa- 
ratus for (NEwrn), T., 1298; P., 
1896, 139. 

Lectures, memorial: Helmholtz (F1rz- 

GERALD), T., 885; P., 1896, 26. 
Hofmann (Aset, ArmMstroNG, Per- 
KIN, Prayralr), T., 575 ; P., 1893, 
133. 
Lothar Meyer (Bzpson), T., 1403; 
P., 1896, 119. 

Leucaniline, preparation of (HOFMANN 

Lecture), T., 613. 


Levulinie acid (B-acelylpropionic acid, 
acetonylacetic acid), condensation 
of, with benzil (Jape and McrRay), 
P., 1896, 146. 

ethylic salt, action of ethylic brom- 
isobutyrate on (PERKIN and 
THorrs), P., 1896, 156. 

Levulose (fructose), reducing power of, 
on ammoniacal silver nitrate (HEN- 
pDERSON), T., 152; P., 1896, 9. 

Light, action of, on mercurous acetate 
(Hapa), T., 1674; P., 1896, 183. 

dissociation of mercurous nitrate by 
(Hapa), T., 1668; P., 1896, 183. 

action of, on mercurous sulphate 
(Hapa), T., 1673; P., 1896, 183. 

action of, on ethylic ether (RICHARD- 
son and Fortey), T., 1352; P., 
1896, 165. 

action of, on amylic alcohol, &c. 
(RicHarpson and Forrtey), T., 
1349; P., 1896, 164. 

Lacur :— 

Colour, origin of (ArmMstTrRoNG), P., 
1896, 42. 

Dispersion, molecular, of the double 
sulphates of potassium, rubidium, 
and cesium (Turron), @., 476; 
P., 1896, 70. 

Magnetic rotatory power, apparatus 
for determining (PERKIN), T., 
1627; P., 1896, 122 

effect of temperature on (PERKIN), 
T., 1058; P., 1896, 122. 

of organic substances, chiefly aro- 
matic (PERKIN), T., 1026; P., 
1896, 122. 

of mixtures (PERKIN), T., 1052; 
P., 1896, 122. 

Optical behaviour of the sulphates 
containing potassium, rubidium, 
and cesium, influence of atomic 
weight on the (Turron), T., 499; 
P., 1896, 71. 

Optically active compounds, inversion 
of (ARMSTRONG), P., 1896, 46. 

Phosphorescence produced by Rént- 
gen rays (Jackson), P., 1896, 
58. 

tefraction equivalents of acetylace- 

tone at different temperatures 
(Perkin), T., 2; P., 1895, 
199. 

of o-toluidine at different tempera- 
tures (PERKIN), T., 4; P., 1895, 
199. 

of p-toluidine at different tempera- 
tures (PERKIN), T., 4; P., 1895, 
199. 

Refraction, molecular, of crystalline 
salts, additive nature of "(Porg), 
T., 1580; P., 1896, 178. 


vor. LNXIX. 


INDEX OF SUBJECTS. 


Lieut :— 


Refraction, molecular, of substances 
in the solid and liquid states 
compared (Popr), T., 1533; P., 
1896, 178. 

of the double sulphates of potas- 


sium, rubidium, and cesium 
(Turron), T., 476, 503; P., 
1896, 70. 


Refractive index, mean. of anisotropic 
crystals (Pork), T., 1530; P., 
1896, 177. 

Refractive indices of the double 
sulphates of potassium, rubidium, 
and cesium (Tuttron), T., 463; 
P., 1896, 69. 

Roéntgen rays, methods of producing, 
and nature of (Jackson), P., 
1896, 58. 

influence of the, on chemical 
changes (Drxon and Baker), T., 
1308; P., 1896, 160. 

influence of the, on the combina- 
tion of carbonic oxide and oxygen 
(Drxon), T., 788; P., 1896, 56. 

Rotatory power of substances in the 
erystalline and amorphous con- 
dition (Pore), T., 971 ; P., 1896, 
116. 

influence of position isomerism on 
(FRANKLAND and WHaRTON), 
T., 1583; P., 1896, 186. 

of aspartic acid (MarsHa tt), T., 
1022; P., 1896, 146. 

of crystals of hydrated trans- 
camphotricarboxylic acid (Por), 
T., 978; P., 1896, 116. 

of etbylic diacetylglycerate dis- 
solved in acetic acid (FRANK- 
LAND and PickarD), T., 136; 
P., 1896, 11. 

of ethylic diacetylglycerate dis- 
solved in benzene (FRANKLAND 
and Pickarp), T., 135; P., 
1896, 11. 

of methylic and ethylic mono- 
benzoylglycerates at different 
temperatures (FRANKLAND and 
MacGrecor), ‘T., 112; P., 
1896, 10. 

of methylic dibenzoylglycerate 
aissolved in acetic acid (KRayK- 


LAND and PicKkarD), T., 133; 
P., 1896, 11. 
of methylic dibenzoylglycerate 


dissolved in benzene (FRANK- 


LAND and PicKkakrD), T., 127; 
P., 1896, 11. 
of methylic dibenzoylglyceratc 


dissolved in ethylene dibromide 
(FRANKLAND and Picxarp), T 
130; P., 1896, 11. 

Ga 
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Lieut :— 

Rotatory power of methylic dibenzoyl- 
glycerate dissolved in nitrobenz- 
ene (FRANKLAND and PICKARD), 
T.,131; P., 1806, 11. 

of methylic and ethylic dibenzoyl- 
tartrates (FRANKLAND and 
Wuarton), T., 1585; P., 1896, 
186. 

of methylic diphenylacetylglycer- 
ate at different temperatures 
(FRANKLAND and MacGRreEGopr), 
T., 111; P., 1896, 10. 

of methylic dipropionylglycerate 
at different temperatures 
(FRANKLAND and MacGReGor), 
T., 116; P., 1896, 10. 

of methylic, ethylic, and propylic 
dibenzoylglycerates at different 
temperatures (FRANKLAND and 
MacGregor), T., 104; P., 
1896, 9. 

of the methylic and ethylic salts of 
o-, m-, and p-ditoluoyltartaric 
acids (FRANKLAND and WHAR- 
Ton), T., 1309, 1589; P., 1896, 
148, 

Specific rotatory power, influence of 
solvents on, and of ring formation 
on (Forster), T., 40. 

of ethylic acetyl-d-lactate (PURDIE 
and Wittiamson), T., 828; P., 
1896, 97. 

of ethylic acetylmalate (PURDIE 
and Wit1t1aMsoN), T., 824; P., 
1896, 97. 

of ethylic butyrylmalate (PuRDIE 
and Wittiamson), T., 825. 

of ethylic dextrochloropropionate 
(PurDIE and Wiu114Mson), T., 
829; P., 1896, 97. 

of ethylic d-lactate (PurRDIE and 
Witiramson), T., 827; P., 
1896, 97. 

of malic acid and its potassium 
salt (PURDIE and WILLIAMSON), 
T., 822. 

of the methylic, ethylic, propylic, 
isopropylic, normal butylic, and 
isobutylic salts of malic acid 
(Purpiz£ and Wir11aMsoyn), T., 
23; P., 1896, 97. 

Spectrum of the flame of cyanogen 
(Lewes), T., 240; P., 1896, 2. 

of a candle flame (Harttey), T., 
845. 

Velocity of light along the axes of 
the optical ellipsoid of double 
sulphates of potassium, rubidium, 
and cesium (TuTtron), T., 466; 
P., 1896, 69. 
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Lithium chloride, absorption of moisture 
by (Hake), P., 1896, 34. 
Lomatiol, constitution of (HooxeERr), T., 
1369, 1381. 
Luteolin, the colouring matter of 
weld (PERKIN), T., 206; P., 1896, 
37. 
preparation of, from weld 
(PERKIN), T., 207. 
preparation and properties of com- 
pounds of, with mineral acids 
(PERKIN), T., 208. 
constitution of (Perkin), T., 212, 
799; P., 1896, 37, 105. 
relation of, to quercetin (PERKIN), 
T., 803; P., 1896, 105. 
decomposition of, with fused alkalis 
(PERKIN), T., 210, 801; P., 1896, 
37, 105. 
tetracetyland tetrabenzoyl derivatives 
of (PERKIN), T., 210; P., 1896, 
37. 
triethyl ether and its acetyl deriva- 
tive (PERKIN), 'l'., 800; P., 1896, 
105. 
decomposition of, with alcoholic 
potash (PERKIN), T., 802; P., 
1896, 105. 
hydriodide, analysis of (PERKIN), T., 
1442 ; P., 1896, 167. 
Luteolin, bromo-, preparation and pro- 
perties of (PERKIN), T., 209; P., 
1896, 37. 
acetyl derivative of (PerKin), T., 
210; P., 1896, 37. 


extract 


M. 


Maclura tinctoria, morin, the colouring 
matter of (PERKIN and Basricyu),T., 
792; P., 1896, 106. 

Magnesium, solution and diffusion of, 
in mercury (Humpureys), T., 
1680; P., 1896, 220. 

chloride, absorption of moisture by 
(Hake), P., 1896, 34. 

nitrate, absorption of moisture by 
(Hake), P., 1896, 34. 

cesium sulphate, density and optical 
behaviour of (Turron), T., 366. 

potassium sulphate, optical behaviour 

of (Turron), T., 356. 

density of (Turron), T., 355. 

rubidium sulphate, density and 
optical behaviour of (Turron), T., 
361. 

Maleic acid, chloro-, ethylic salt, be- 
haviour of, towards ethylic acctoacet- 
ate (RUHEMANN and Tyter), T., 535. 


INDEX OF 


Malic acid and its potassium salt, specific 
rotation of (PURDIE and WIL- 
LIAMSON), T., 822. 

action of isopropylic iodide on the 
silver salt of (PURDIE and WIL- 
LIAMSON), T., 825. 

methylic, ethylic, propylic, iso= 
propylic, normal butylic, isobutylic, 
amylic, and octylic salts of, specific 
rotation of the (PurpDIE and 

Witiiamson), T., 823; P., 1896, 
97. 

Malonic acid, absorption by silk of dilute 
(WaLKER and AppLEyaRD), T., 
1346; P., 1896, 147. 

ethylic salt, molecular volume of, 
in organic solvents (Nicox), T., 
143; P., 1895, 237, 
action of sodium ethoxide and f- 
bromethyl phenyl ether on (BEnt- 
LEY, HawortH, and PERKIN), 
T., 167, 169; P., 1896, 35, 36. 
Malonic acid, sodio-, ethylic sa!t, action 
of ethylic isopropylacrylate on 
(PERKIN), T., 1490. 
action of ethylic a88-trimethyl- 
propionate on (PERKIN and 
THORPE), T., 1485. 

Maltose, reducing power of, on ammo- 
niacal silver nitrate (HENDERSON), 
T., 153; P., 1896, 9. 

Mandelic acid (phenylglycollic acid), 
potassium salt, electrolysis of 
(Watker), 'T., 1279. 

Manganese nitrate, hydrated, absorp- 

tion of moisture by (Hakk), P., 

1896, 34. 
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Memorial lectures: Helmholtz (Frrz- 
GERALD), T., 885; P., 1896, 26. 
Hofmann (ABEL, ARMSTRONG, PER- 
KIN, PrayrFarr), T., 575; P., 1898, 
133. 
Lothar Meyer (Brpson), T., 1403; 
P., 1896, 119. 

Menthol, crystalline modifications of 
(Pope), P., 1896, 143. 

Mercury, solution and diffusion of 
metals and alloys in (HUMPHREYS), 
T., 250, 1679; P., 1896, 220; 
(Rozperts-Avsten), P., 1896, 9, 219. 

Mercury, amidosulphonates (DIVERS and 
Haga), T., 1649; P., 1896, 180. 

imidosulphonates (DivERs and 
Haga), T., 1627 ; P., 1896, 179. 

Mercurous and mercuric chlorides, 

mutual conversion of (Hapa), 
T., 1675; P., 1896, 183. 

nitrates, mutual conversion of 
(Hapa), T., 1667; P., 1896, 
182. 

phosphates, mutual conversion of 
(Hapa), T., 1673; P., 1896, 
182. 

sulphates, mutual conversion of 
(Hapa), T., 1672; P., 1896, 


cesium sulphate, density and optical | 


behaviour of (Turron), T., 403. 
rubidium sulphate, density and opti- 
cal behaviour of (Turron), T., 
399. 
Manures, effect of potash, on different 
soils (Woop), T., 288; P., 1896, 
13. 
increase of crop by potash, compared 
with available potash in soil 
(Woop), T., 289; P., 1896, 13. 
Mauve, discovery of (Hormann LEc- 
TURE), T., 604; P., 1898, 138. 
Mauveine and its salts (Hormann Lec- 
TURE), T., 613. 
action of ethylic iodide on (HoOrMANN 
Lecture), T., 617. 
Melamine, constitution of (Hormany 
Lecture), T., 717. 
Membrane, a perfect semi-permeable 
(Firzexeatp), T., 9C5; P., 1896, 
25 


Membranes, semi-permeable, theory of 
(Firzaeratp), I., 897; P., 1896, 
25. 


182. 

acetates, perchlorates, and oxal- 
ates, mutual conversion of 
(Hapa), T., 1674; P., 1896, 
183. 

Mercurous oxide and carbonate, decom- 
position of (Hapa), T., 1677; P., 
1896, 183. 

Mesidine, nitro-, preparation of (Hor- 
MANN LEctTURE), T., 694. 

Mesitylene, composition of (HOFMANN 

LEcTURE), ‘l'., 694. 

magnetic rotatory power, &c., of 
(Perkin), I., 1064, 1130, 1193, 
1241. 

Mesitylene, ¢ribromo-, discovery of 

(Hormann Lecture), T., 694. 

dinitro-, preparation of (HOFMANN 
LEcTURE), T., 694. 

Mesitylenesulphonic acid, discovery of 
(Hormann Lecture), 'T., 694. 

Methane, synthesis of, from carbon 

and hydrogen (Bonk and JoRDAN), 
P., 1896, 61. 
explosive mixtures of air and 
(CrowsEs), P., 1895, 201. 
combustion of, in presence of nitrogen 
(Dunstan and Carr), P., 1896, 49. 

Methenehydrazone, remarks on consti- 
tution of (WALKER), T., 1286. 

Methenyl-o-aminothiophenol, prepara- 

tion of (Hormann LectuRE), T., 
712, 713. 
amyloiodide, colouring matter ob- 


642 
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tained from (Hormayn Lecture), 
T., 714. 

Methenyl-o-aminothiophenol, chloro-, 
preparation of (Hormann LeEcruRe), 
L., 712. 

o-Methoxybenzaldehyde (methylsalicyl- 
aldehyde), magnetic rotatory power, 
&e., of (PERKIN), T., 1127, 1128, 
1200, 1243. 

o-Methoxybenzoic acid (methylsalicylic 
acid), magnetic rotatory power, &c., 
of the ethylic salt of (PERr«KIN), T., 
1127, 1128, 1130, 1160, 1176, 1231, 
1238. 

m-Methoxybenzoic acid, magnetic rota- 
tory power, &c., of the ethylic salt of 
(Perkin), T., 1130, 1177, 1238. 

-o-Methoxybenzylic alcohol (methylsali- 
cylic alcohol), magnetic rotatory 
power, &c., of (PERKIN), T., 1128, 
1198, 1242. 

a-Methoxypenthiazoline, y-bromo- 
(Dixon), T.. 32; P., 1895, 217. 

Methoxyphenylacrylic acids, a-o- and 
B-o-, magnetic rotatory powers, &c., of 
the methylic salts of (PERKIN), T., 
1147, 1228, 1247. 

Methylacetoacetic acid, ethylic salt, 
action of sodium ethoxide and 
bromethyl phenyl ether on 
(Brenrtey, Haworta, and PER- 
KIN), T., 173; P., 1896, 36. 

condensation of, with ethylic 
chlorofumarate (RUAEMANN and 
Wotrr), T., 1384; P., 1896, 166. 
Methylallylthiocarbamide, action of 
bromine on (Drxow), T., 852. 

Methylamine, discovery of (HOFMANN 

Lecture), T., 656. 

hydrochloride (LuxMoorz), T., 184. 

_Methylaniline (Hormann LECTURE), 

T., 598. 

preparation of (Hormaxn LecTURE), 
T., 624, 625. 

magnetic rotatory power, <c., 
(Perktn), T., 1099, 1207, 1244. 

Methylaniline, bromonitro- (Evans), P., 

1895, 236. 
tribromo- (Evans), P., 1895, 235. 
Methylanilines, colouring matters ob- 
tained from (Hormann LeEctURE), 
T., 623. 

Methylbenzaconine, formation of (Dun- 
stan, TICKLE, and Jackson), P., 
1896, 159. 

salts of, hydrolysis of (Dunstan, 
TICKLE, and Jackson), P., 1896, 
160. 

N-Methylbenzantialdoxime and its hy- 
drobromide (Luxmoore), T., 183; 
P., 1895, 149. 

byJriodide (LuUxmoore), T , 185. 


of 


if 
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N-Methylbenzsynaldoxime and its hy- 
diobromide (Luxmoore), T., 184, 
185; P., 1895, 149. 

1:3:4.Methylbenzenedicarboxylic acid. 
See a-Methylphthalic acid. 

a-Methylbutyric acid. S-e Valeric acids. 

Methylbutryolactones. See Valerolact- 
ones. 

Methyldiethylamine, preparation of 
(Hormann Lecronre), T., 670. 

Methyldiethylamylammonium —hy4dr- 
oxide, action of heat on (Hormann 
Lecture), T., 666. 

Methyldiethylisoamylammonium _ plat- 
inochloride, crystalline form of (Hor- 
MANN Lectorg), T., 671. 

2-Methyldihydrofurfuran-3 : 4-dicarb- 
oxylamic acid, ethylic salt 
(RuHEMANN and Wo trp), T., 1393. 

2-Methyldihydrofurfuran-3 : 4-dicarb- 
oxylic acid, ethylic salt of 
(RunEMANN and Wo rr), T., 1392. 

2-Methyldihydrofurfuran-3 : 4 : 5- 
tricarboxylic acid, ethylic salt 
(RUHEMANN and Tyter), T., 532; 
P., 1896, 73. 

Methyldiphenyl. See Phenyltoluene. 

Methyldiphenylamine, magnetic rota- 
tory power, &c., of (PERKIN), T., 
11v1, 1157, 1268, 1232, 1244. 

Methylenic diiodide, magnetic rotatory 
power and relative density of 
(PEKkin), T., 1063, 1173, 1237. 

diiodide and dichloride, action of 
sodium phenoxide on (BENTLEY, 
HawortH, and PERKIN), T., 166, 
167. 

Methylethylacetic acid. 
acids. 

n-Methylethylene-y-thiourea, hydro- 
bromide of (Drxon), T., 23. 

Methyleugenol, synthesis of (MELDOLA, 
Wootcort, and Wray), T., 1321. 

Methylfurfurandicarboxylic acid, 
ethylic salt of (RuaEMANN and 
Wotrr), T., 1388; P., 1896, 166. 

B-Methylhydroxylamine hydrochloride 
(Luxmoore), T., 183. 

Methylic alcohol, actiun of light on 
(Ricuarpson and Forrey), T., 
1351; P., 1896, 164. 

action of, on aconitine (DUNSTAN, 
TICKLE, and Jackson), P., 1896, 
159, 

Methylic iodide, action of hydroxy!- 
amine on (Dunstan and GouLDING), 
T., 839 ; P., 1896, 72. 

p-Methylimidazoline, action of phenyl- 
thiocarbimide on (Dixon), T., 34; 
P., 1895, 217. 

action of o-tolylthiocarbimide on 
(Drxoy), T., 5; P., 1895, 217. 


ce Valeric 


INDEX OF SUBJECTS, 


w-Methylimidazolslphenylthiourea 
(Dixon), T., 34; P., 1895, 217. 
action of alkaline lead tartrate on 
(Drxoy), 'I., 35; P., 1895, 217. 
u- Methylimidazolyl-o-tolylthiourea 
(Drxoy), T., 35; P., 1895, 217. 
B-Methylketopentamethylene. See Me- 
thyleyclopentanone. 
Methylluteolin, preparation of (PER- 
KIN), T’., 211 ; P.. 1896, 37. 
Methylmaloniec acid (iso-suceinic acid), 
ethereal salts, action of sodium 
ethoxide and ethylene dibromide 
on (Brentiey, Hawortu, and 
PERKIN), T., 162. 
sodio-, ethylic salt, action of bromo- 
or chloroethyl phenyl ether on 
(BenttEy, Hawortnu, and 
PERKIN), T., 171; P., 1896, 
36. 
behaviour of, towards ethylic a- 
bromisovalerate (BENTLEY, 
Perkin, and THorrsg), T., 
284; P., 1896, 65. 
action of isopropylic bromide on 
(Perxin), T., 1477. 
u-Methylpenthiazoline, y-bromo-, and 
its picrate (Dixon), T., 853; P., 
1896, 100. 
action of siiver nitrate on (Drxoy), 
T., 853. 


hydrobromide (Dixon), T., 852; | 


P., 1896, 100. 
action of caustic potash on 
(Drxon), 'f., 853; P., 1896, 
160. 
action of silver chloride on 
(Drxon), T., 853. 
hydrochloride (Drxon), T., 853. 
a-Methylphthalic acid (1 : 3: 4-methyl- 
benzenedicarhoxylic acid), from di- 
methylnaphthalene (COLLIE and 
Witsmore), T., 239; P., 1896, 47. 
1:2:4-Methylisophthalic acid and its 
methylic salt (BENTLEY and PERKIN), 
P., 1896, 79. 
aa,-Methylisopropyladipic acid (Brnt- 
LEY, HawortuH, and Perkin), T., 
161. 
Methylisopropyleyclobutanedicarb- 
oxylic acid (BENTLEY, Haworth, 
and Perxrn), T., 161. 
ethylic salt, T , 162. 

Methylis »propylbutanetricarboxylic 
acid, ethylic salt (Brenrtry, Ha- 
WORTH, and PEerxrn), T., 162. 

Methylisopropylethanetricarbox ylic 
acid, ethylic salt, hydrolysis of 
(BENTLEY, PERKIN, and THORPE), 
T., 274; P., 1896, 64. 


cis-Methylisopropylsuccinic acid, silver | 
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salt, anil and anilic acid of (BENT- 
LEY, Perkin, and TuHorpe), T., 
279, 282; P., 1896, 64. 

trans-Methylisopropylsuccinie acid and 
its silver salt, anil and  anilic 
acid (Brnrigy, Perkin, antl 
Tuorre), T., 278, 283; P., 1896, 
65. 

Methylisopropylsuccinie anhydride, cis- 
and trans- forms of (BENTLEY, PER- 
kIn, and TxHorpr), T., 278; P., 
1896, 65. 

Methy!purpuroxanthin from m-dihydr- 
oxybenzoic and o-toluic acids, di- 
acetyl derivative of (ScuotNckK and 
Marcatewsk!), ‘I’., 70; P., 1895, 
202. 

Methylpurpuroxanthins from  m-di- 
hydroxybenzoic and m-toluic avids 
(ScuuncK and MarcuiEwsk!), T., 
69; P., 1895, 202. 

Methylsalicylaldehyde. See o-Methoxy- 
benzaldehyde. 

Meihylsalicylanilide. 
benzanilide. 

Methylsalicylic acid. 
benzoic acid, 

Methylsalicylic alcohol. 
oxybenzylic alcohol. 

Methylsuccinimide. 
imide, 

Methylterephthalic acid, methylic salt 
of (BENTLEY and PERKIN), P., 1896, 
79. 

Methylthiocarbimide, action of brom- 
ethylamine on (Dixon), T., 23. 

Methyltriethylammonium chloride and 
hydroxide, action of heat on (Hor- 
MANN Lecture), T., 670. 

Methyltriethylphosphonium chloride, 
chloro- (Hormann Lecture), T., 
680. 

hydroxide (Hormann LecturRs), T., 
680. 
preparation of (Hormann LEc- 
TURE), T., 675. 
iodide, discovery of (Hormann LEc- 
TURE), T’., 602. 

Meyer, Lothar, memorial lecture (BED- 
son), T., 1403; P., 1896, 119. 

Modern theories of chemistry, the, L. 
Meyer (Bepson), T., 1427; P., 
1896, 119. 

Molybditartaric acid, sodium salt of 
(HenpERSoN and Barr), T., 1455; 
P., 1896, 169. 

Morin, the colouring matter of Maclura 
tinctoria, properties of (PERKIN 
and Basticu), T., 792; P., 1896, 
106. 

constitution of, in 


See o-Methoxy- 
See o-Methoxy- 
See o-Meth- 


See Pyrotartar- 


relation to 
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quercetin, chrysin, and gentisein 
(PERKIN and Basticu), T., 798; 
P., 1896, 106. 

Morin, action of fused alkali on 
(PERKIN and Basticn), T., 793; P., 
1896, 106. 

Morin hydriodide, analysis of (PER- 

KIN), T., 1442; P., 1896, 167. 
dimethyl ether, preparation and 
properties of (PERKIN and Bas- 
ticH), T., 798; P., 1896, 106. 
tetramethyl ether, preparation, and 
acetyl derivative of (PERKIN and 
Basticn), T., 796; P., 1896, 
106. 
decomposition of, with alcoholic 
potash (PERKIN and BaBticu), 
T., 797; P., 1896, 106. 


Morin, ¢etrabromo-, preparation of, 


and the pentacetyl derivative of 


(PERKIN and Basticn), T., 
794; P., 1896, 106. 


non-formation of acid compounds 


of (PERKIN), T., 1443; P.,1896, 
167. 


Myrica nagi, yellow colouring matter of | 


‘ (PERkIn and Hummer), T., 1287; 
P., 1896, 145. 

dyeing properties of, and tannin in 
(PERKIN and Hummer), T., 1294; 
P., 1896, 145. 


Myricetin, the yellow colouring matter | 


of Myrica nagi (PERKIN and Hvum- 
MEL), T., 1287 ; P., 1896, 145. 

identity of the colouring matter of 
sumach with (PERKIN and ALLEN), 
7., 1302; P., 1896, 157. 

preparation, and chemical and dyeing 
properties of (PERKIN and litM- 
MEL), T., 1287; P., 1896, 145. 

Myricetin, constitution of, and its rela- 

tion to quercetin (PerkKIN and 
Hummezt), T., 1293; P., 1896, 145. 

action of fused alkalis on (PERKIN 
aud HumMEz), T., 1292; P., 1896, 
145. 

acetyland benzoyl derivative of (PER- 
kIn and Hummet), T., 1291; P., 
1896, 145. 

Mpyricetin, ¢e¢rabromo-, preparation and 
properties of (PERKIN and HumMeEz), 
T., 1298; P., 1896, 145. 


N. 


Naphthalene, discovery of (Hormany 
Lecture), T., 597. 


magnetic rotatory power, &c., of 
(PERKIN), T., 1064, 1088, 1089, 
1195, 1242. 
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Naphthalene, 1 : 2-dichioro-, from 

2 : 1-chloronaphthaleresulphon- 
amide (ARMSTRONG and WYNNE), 
P., 1895, 238. 

1 : 3-dichloro- (ArMsTRONG and 
Wynne), P., 1895, 240. 

1: 2’-dichloro- (ARMSTRONG and 
Wrwyr), P., 1895, 241. 

1:3: 4/-trichloro- (ARMSTRONG and 
Wrywne), P., 1895, 241. 

a-nitro-, magnetic rotatory power, &c., 
of (PERKIN), T., 1096, 1181, 1239. 

dinitro-, reduction of (HoFMANN 
Lecture), T., 647. 

1 : 2’-Naphthalenedisulphonic acid, 
chloride (ARMsTRONG and WYNNE), 
P., 1895, 240. 

3 : 4’-Naphthalenedisulphonic acid, 
l-chloro-, and its chloride (ARM- 
STRONG and WynnzB), P., 1895, 241. 

1-Naphthalenesulphonic acid, nitration 

of the potassium salt (ARMSTRONG 
and Wxnne), P., 1895, 239. 
2-chloro-, barium, potassium, sodium 
salts, chloride, amide (ARMSTRONG 
and Wynne), P., 1895, 238. 
3-Naphthalenesulphonic acid, 1-chloro- 
(ARMSTRONG and Wynne), P., 
1895, 240. 
sulplonation of potassium salt 
(AgmMstrona and Wynnz), P., 
1895, 241. 

a-Naphthoic acid, magnetic rotatory 
power, &c., of the ethylic salt of 
(Perkin), T., 1137, 1161, 1179, 1234, 
1238. 

B-Naphthoic acid, magnetic rotatory 
power, &c., of the ethylic salt of 
(PERKIN), T., 1137, 1161, 1179, 1232, 
1238. 

a-Naphthol, dinitro-, discovery of 
(Hormann Lecture), T., 621. 

Naphthonitrile, preparation of (Hor- 
MANN LeEctuRE), T., 705. 

a- and B-Naphthonitriles, magnetic rota- 
tory powers, &., of (PERKIN), T., 
1097, 1137, 1206, 1244. 

Naphthothioamide, preparation of 
(Hormann Lecture), T., 795. 

a-Naphthyl ethyl oxide, magnetic rota- 
tory power, &c., of (PERKIN), T., 
1664, 1134, 1160, 1189, 1231, 1241. 

B-Naphthyl] ethyl oxide, magnetic rota- 
tory power, &c., of (PERxK1N), T., 
1134, 1160, 1190, 1231, 1241. 

Naphthyl isocyanate, preparation of 
(Hormann Lecture), T., 715. 

a-Naphthylamine, composition of 

(Hormann Lecture), T.,603; P., 
1898, 138. 
magnetic rotatory power, &c., of 
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(Perxi1n), T., 1064, 1107, 1134, 
1155, 1160, 1211, 1245. 
a-Naphthylamine, action of cyanogen 
chloride on (Hormany Lecture), T., 
601. 

8-Naphthylamine, magnetic rotatory 
power, &c., of (Perkin), T., 1107, 
1134, 1155, 1169, 1212, 1233, 1245. 

2:1: 4’-Naphthylaminedisulphonic acid 
(ARMSTRONG and Wynne), P., 1895, 
238. 

4’: 1:2’-Naphthylaminedisulphonic 
acid, hydrogen potassium salt (ARM- 
sTRONG and Wynne), P., 1895, 240. 

1: 3-Naphthylaminesulphonic acid 

(y-naphthylaminesulphonic acid) 
(ARMSTRONG and Wrwyze), P., 
1895, 239. 

sulphonation of (ARMsTRONG and 
Wryne), P., 1895, 240. 

2: 1-Naphthylaminesulphonic acid, 
sodium salt (ARMSTRONG and 
Wynne), P., 1895, 238. 

wa-Naphthylaminopenthiazoline, +- 
bromo-, and its picrate (Dixon), T., 
29; P., 1895, 217. 

ue-Naphthylaminopenthiazoline, y- 
bromo- (Drxon), T., 28; P., 1895, 
217. 

ab-a-Naphthylearboxyethylthiocarb- 
amide (Doran),T.,328; P., 1896, 74. 

ab-B-Naphthylcarboxyethylthiccarb- 
amide (Doran), T., 329; P., 1896, 


ie 

a-Naphthyldimethylamine, magnetic 
rotatory power, «c., of (P&RKIN), T., 
1108, 1138, 1156, 1213, 1233, 1245. 


8-Naphthyldimethylamine, magnetic 
rotatory power, &c., of (PERKIN), T., 
1108, 1138, 1156, 1212, 1234, 12435. 
1: 4-Naphthylenediamine, preparation 
of (Hormann Lecture), T., 647. 
Nickel chloride, hydrated, absorption of 
moisture by (Hake), P., 1896, 34. 


cesium sulphate, density and optical | 


behaviour of (Turron), T., 415. 
potassium sulphate, density and 
optical behaviour of (Tutto), T., 
407. 
rubidium sulphate, density and 
optical behaviour of (Turron), T., 
411. 
Nicotine, action of cyanogen on (Hor- 
MANN LeEctTuReE), T., 650. 
Nitriles, action of sulphuric acid on 
(Hormann Lecture), T., 696. 
éso-Nitriles, preparation of (HormaNN 
Lecturs), T., 706. 
Nitro-compounds, nature of (HOFMANN 
Lecture), T., 646. 
theory of the reduction of (MEt- 
Dou), T., 13. 
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Nitrogen iodide, preparation and ana- 
lysis of (CHatraway), T., 1575; 
P., 1896, 173. 
constitution of (CHarTaway), T., 
1572; P., 1896, 172. 
behaviour of, to reagents (CHATTA- 
way), T., 1578; P., 1896, 173. 

Nitrous oxide, combination of, with 
carbonic oxide (Dixon), T., 780; 
P., 1896, 56. 

Hyponitrous acid, formation of, by 
reduction of nitrososulphates 
(Divers and Haea), T., 1613; P., 
1896, 179. 

Nitric oxide, liquid and 
(Dewar), P., 1895, 225. 

Nitrogen, estimation of, by the absolute 
method (Dunstan and Carp), P., 
1896, 48. 

estimation of, in urine by the hypo- 

bromite process (ALLEN), P., 1896, 

31. 


solid 


0. 


Obituary notices: 8S. W.M. Davy, T.,733. 
Robert Galloway, T., 733. 

George M. Roberts, T., 734. 
Henry Davis Pochin, T., 735. 

Octylic alcohol, action of light on 
(Ricuarpson and Fortey), T., 
1352; P., 1896, 164. 

bromide, chloride, and iodide, mag- 
netic rotatory power and relative 
density of (PERkINn), T., 1063, 
1173, 1236, 1237. 

Oil of Cochlearia officinalis (HOFMANN 
Lecture), T., 718. 

Onion, occurrence of quercetin in the 
outer skin of the (PERKIN and Hum- 
MEL), T., 1295; P., 1896, 144. 

Osazones of furfuroids from _barley- 
straw (Cross, Bevan, and SmirH), 
T., 1607; P., 1896, 174. 

Osmotic pressure, theory of (Frrz- 
GERALD), T., 905; P., 1896, 25. 

Oxalic acid, absorption by silk of dilute 
(WALKER and APPLEYARD), T., 
1346; P., 1896, 147. 

aniline salt of (Hormann LECTURE), 
T., 641. 

ethylic salt, molecular volume of, in 
organic solvents (Nicox), T., 143; 
P., 1895, 237. 

Oxalyldiphenylguanidine, preparation 
of (Hormann LEcTURE), T., 653. 

Oxygen, specific gravity of, and com- 
bustion in liquid (DEwaR), P., 1895, 
226. 

Oxygen, estimation of, by pyrogallol, 
source of error in (CLowEs), P., 
1895, 200. 


1742 INDEX OF 

Oxysulphazotic acid. See Sulphur— 

nitrosodisulphonic acid. 

Ozone, absence of, in oxygen from man- 
ganese dioxide and potassium 
chlorate (McLrop), T., 1015; P., 
1896, 104. 

apparatus for demonstrating the 
properties of (Newrn), T., 1298; 
P., 1896, 139. 

influence of, on the combustibility of 
dry carbonic oxide (Dixon), T., 
785; P., 1896, 56. 


P. 


Palmitic acid, action of light on 
(RicHaRDson and Forrey), T., 1349. 

Palmitic chloride, action of lead thio- 
cyanate on (Drxon), T., 1594. 

n-Palmityl-v-phenylbenzylthiourea, and 
action of silver nitrate on (Drxon), 
T., 1598; P., 1896, 223. 

a-Palmityl-b-phenylbenzylurea 
(Drxon), T., 1598; P., 1896, 223. 

a-Palmityl-v-phenylmethylthiourea 
(Dixon), T., 1597; P., 1896, 223. 

ab-Palmitylphenylthiocarbamide 
(Drxon), T., 1595; P., 1896, 223. 

Palmitylphenylurea (D1xon), 'I’., 1596; 
P., 1896, 223. 

Palmitylthiocarbamide, action of silver 
nitrate on (Drxon), T., 1596. 

Palmitylthiocarbimide (Dixon), T., 

1594; P., 1896, 223. 
action of aniline, o- and p-toluidine, 
methylaniline, and benzylaniline 
on (Dixon), T., 1595—1598. 
ab-Palmityl-o-tolylthiocarbamide, and 
action of silver nitrate on (Drxon), 
T., 1596; P., 1896, 223. 
ab-Palmityl-p-tolylthiocarbamide, and 
action of silver nitrate on (Drxon), 
T., 1597; P., 1896, 223. 

@b-Palmityl-o-tolylurea (Dixon), T., 
1596; P., 1896, 223. 

ab-Palmityl-p-tolylurea (Dixon), T., 
1597; P., 1896, 223. 

Paraffin, CogH¢o, from Charas (Woop, 
Spivey, and EastTEeRrFIELp), ’., 543 ; 
P., 1896, 76. 

Paraniline, discovery of (Hormann 
Lecture), T., 689. 

Pentacarbon rings, synthesis of (Jarp 
and Murray), P., 1896, 146. 

Pentacetyltetrabromomorin. preparation 
of (PERKIN and Basticn), I., 795; 
P., 1896, 186. 

Pentamethylaniline, nitrile 
nitrile obtained from 
Lrcrvre), T., 710. 


and iso- 
(HoFMAnNn 
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Pentane-ayya-tetracarboxylic acid 
(Henke and Perxrn), T., 1509. 
action of heat on (HEINKE and PER- 
KIN), T., 1509. 
ethylic salt (HEINKE and PERKIN), 
T., 1509. 
PENTANETRICARBOXYLIC ACIDS :— 
n-Pentane-aya,-tricarboxyliz acid 
(Hernke and Perxty), T., 1510. 
Dimethylpropane-aaa,-tricarboxylie 
acid, action of heat on (PERKIN 
and Goopwiy), T., 1474. 
and salts (PERKIN and GooDwIy), 
T., 1473. 
ethylic salt (Perkin ard Goop- 
win), T., 1472; P., 1896, 170. 
sodio-, ethylic salt, action of 
phenoxyethylic bromide on (PER- 
KIN), T., 1500; P., 1896, 170. 

PENTENOIC ACID :— 

AB-Dimethylacrylic acid (PERKINS 
and Goopwiy), T., 1469; P., 
1896, 170. 

ethylic salt (Perkin and Goop- 
win), T., 1470, 1471. 
action of ethylic sodiomalonate on 
(PERKIN and Goopwiy), T., 
1472; P., 1896, 170. 
Penthiazoline, y-bromo-y-amido- (A- 
bromotrimethylene-yn-thiourea), 
and its constitution of (Dixon), 
T., 19, 23, 24; P., 1895, 216. 
action of hydrochloric acid on 
(Drxon), T., 20; P., 1895, 215. 
action of nascent hydrogen on 
(Dixon), T., 24. 
action of picric acid on (Drxoyn), 
T., 21; P., 1895, 216. 
action of hydrobromic acid on 
(Dixon), T., 20; P., 1895, 215. 
y-iodo-u-amido- (B-iodotrimethylene- 
Wn-thiourea), picrate of, and 
action of silver nitrate ou 
(Dixon), T., 26; P., 1895, 216. 

Pentose, change of hexose to, derivatives 
in cereal cellulose (Cross, Bevan, 
and Smirn), T., 1609; P., 1896, 
175. 

Pentose-monoformal, formation of, from 
a hexose in plants (Cross, BEvAN, 
and Situ), T., 1610; P., 1896, 
175. 

Pentoses, action of alkalis on (Cross, 
Bevan, and Samirn), T., 816; P., 
1896, 96. 

origin of, in plants (Cross, Bevan, 

and SmiTH), T., 805; P., 1896, 96. 
oxidation of, by hydrogen peroxide 
(Cross, Brvayn, and Smitn), T., 
814; P., 1896, 96. 
Periodic law, L. Meyer’s contributions 
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to the (Bepson), T., 1414; P., 1896, 
119. 

Periodic system, solubility and diffus- 
ivity of metals in mercury related 
to their position in the (Hrm- 
PHREYS), T., 1683; P., 1896, 220. 

““Perkin’s green,” discovery of (Hor- 
MANN LEcTURE), T., 618. 

Phenanthrene, magnetic rotatory power, 
&e., of (PERKiN), T., 1088, 1151, 
1196, 1242. 

Phenetoil (phenyl ethyl oxi ic), magnetic 
rotatory power, &c., of (PERKIN), 
T., 1080, 1081, 1186, 1240. 

Phenol, isolation of, from conl-tar (Hor- 

MANN Lectvee), T., 597. 

composition of (Hormann Lecture), 
T., 641. 

properties of (Hormann LEcTURE), 
T., 654. 

magnetic rotatory power, &ec., of 
(PERKIN), T., 1064, 1090, 1181, 
1239. 

Phenol, 2 : 4 : 6-bromodinitro- (MEL- 
pota, Woo.cortt, and Wray), T. 
1326; P., 1896, 163. 

4: 6 : 2-dibromonitro- (MELpota, 
Wootcort, and Wray), T’., 1329. 

2 : 4: 6-bromonitramino-, and its 
acetyl derivative (MELDoLA, WooL- 
cott, and Wray), T., 1326; P., 
1896, 163. 
2: 4: 6-trichloro-, preparation of 
(Hormann Lecture), T., 641. 
2-chloro-4-nitro-, and its benzoy] and 
acetyl derivatives (MELDOLA, 
Woo tcort, and Wray), T., 1328; 
P., 1896, 164. 

2-chloro-5-nitro-, and its benzoyl 
derivative (MEtDoLA, Wootcort, 
and Wray), T’., 1325; P., 1896, 
163. 

4-chloro-3-nitro-, and its benzoyl 
and acetyl derivatives (MELDOLA, 
Wootcort, and Wray), T., 1322 ; 
P., 1896, 163. 

chlorodinitro-derivatives of (MEL- 
pota, Woolcort, and Wray), T., 
1323. 

2-chloro-4 : G-dinitro- (MELDOLA, 
Wootcott, and Wray), T., 1328. 

2: 4: 6-chloronitramino- (MELDOLA, 
Wootcort, and Wray), T., 1328. 

o-nitro-, discovery of (HormMann 

Lecture), T., 698. 

4-nitro-2-amino- (MELpozaA, Woot- 
coTT, and Wray), T., 1328; P., 
1896, 164. 

5-nitro-2-amino- (MELpoza, Woot- 
coTT, and Wray), T., 1325; P., 
1896, 163. 
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Phenol, 4-5-dinitro-2-amino- (MEL- 
DOLA, Woo.cort, and Wray), T., 
1325. 

5-nitro-3 : 2-diazoxy- (MELDOLA, 
Woo tcort, and Wray), T., 1334; 
P., 1896, 164. 

y-Phenoxybutyric acid (y-phenoryethyl- 
acetic acid) (BENTLEY, HawortH, 
and PERKIN), T., 168; P., 1896, 
35. 

action of hydrobromic acid on (BENT- 
LEY, HawortH, and Perky), T., 
168; P., 1896, 36. 
y-Phenoxvethylacetic acid. 
y-Phenoxybutyric acid. 

Phenoxyethylic bromide, action of 
ethylic  sodiodimethylpropanetri- 
carboxylate on (PERKIN), T., 1500 ; 
P., 1896, 170. 

action of ethylic sodioisopropylpro- 
p2netricarboxvlate on (PERKIN), 
T. 1504; P., 1896, 170. 
Phenoxvethylic ethyiic ether (PERKIN), 
T., 1501, 1503. 
y-Phevoxyethylmalonic acid (BENTLEY, 
Hawortu, and Prerxry), T., 167; 
P , 1896, 35. 
action of heat on (BentiEy, Ha- 
WorTH, and Perg&1n), T, 168; P., 
1896, 35. 
y-Phenoxyethyl-a-methylacetic acid. 
See Phenoxyvaleric acid. 
y-Phenoxyethy l-a-methylacetoacetic 
acid, ethylic salt, and its hydrolysis 
(BENTLEY, I] awortu, and PERKIN), 
"173. 
y-Phenoxyethyl-a-methylmalonie acid 
(Benriey,. Hawokrtn, and PER- 
KIN), ‘I’., 171; P., 1896, 36. 
action of heat on (BENTLEY, Ha- 
Worth, and Perkin), T., 172; P., 
1896, 36. 
ethylic salt (BentiEy, IAwortpB, 
und PERKIN), T., 171; P., 1896, 
36. 
a-Phenoxyisooctane-yy5-tricarboxylic 
acid ( phenoxyethylisopropylpropane- 
tricarboxrylic acid), and the action of 
heat on it (Prrxiy), T., 1504, 
1505. 
Phenoxyethylisopropylglutaric avid 
(PERKIN), T., 1505. 
Phenoxyethylisopropy] propanetricarb- 
oxylic acid. See a-Phenoxyisooctane- 
yyo-tricarboxylic acid. 

Phenoxyvaleric acid: 6-Phenoxy-a- 
methylbutyric acid (y-phenory- 
ethyl-a-methylacetic acid) (BENT- 
LEY, Hawortn. and Perkin), T., 
172, 173; P., 1896, 36. 

action of mineral acids on (BENTLEY, 


See 
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Haworth, and Perry), T., 173; 
P., 1896, 36. 

Phenyl allyl oxide, magnetic rotatory 
power, &c., of (PERKIN), T., 1064, 
1141, 1225, 1247. 

Phenyl isobutyl oxide, magnetic rota- 
tory power, Xc., of (Perry), T., 
1080, 1081, 1186, 1240. 

Phenyl ethyl ketone, magnetic rotatory 
power, &c., of (Perkin), T., 1091, 
1093, 1201, 1243. 

Phenyl methyl oxide. See anisoil. 

Phenyl octyl oxide, magnetic rotatory 
power, &c., of (PERKIN), T., 1080, 
1081, 1186, 1240. 

Phenyl propyl oxide, magnetic rotatory 
power, &c., of (PERKIN), T., 1080, 
1081, 1186, 1240. 

Phenyl] iso-propyl oxide, magnetic rota- 
tory power, &c., of (PERKIN), T., 
1080, 1081, 1186, 1240. 

Phenylacetamide, from phenacetylthio- 
carbimide and ammonia (Drxoyn), 
T., 863. 

magnetic rotatory power, &c., of 
(PERKIN), T., 1114, 1216, 1246. 

Phenylacetic acid («-toluic acid), mag- 
netic rotatory power and relative 
density of (Prrxin), T., 1079, 
1094, 1175, 1238. 

action of phosphorus pentachloride 
on (Drxoy), T., 865. 

ethylic salt, magnetic rotatory power, 
&e., of (PERKIN), T., 1077, 1175, 
1238. 

Phenylacetic chloride (Dixon), T., 

865; P., 1896, 100. 
magnetic rotatory power, &c., 
(PERKIN), T., 1122, 1205, 1244. 
action of lead thiocyanate on 
(Dixon), T., 865; P., 1896, 
100. 

Phenylacetonitrile (a-toluonitrile, 
benzylic cyanide), occurrence of 
(Hormayn Lecture), T., 719. 

magnetic rotatory power, <c., 
(PERKIN), T., 1097, 1206, 1244. 
n-Phenylacetyl-y-phenylbenzylthiourea 
(Drxon), T., 868; P., 1896, 101. 
ab-Phenylacetylphenylthiocarbamide, 
and the action of silver nitrate on 
(Dixon), T., 866; P., 1896, 101. 

«5-Phenylacetylphenylurea (Drxoy), 
T., 866; P., 1896, 101. 

Phenylacetylthiocarbimide, and the 
action of ammonia, aniline, benzyl- 
aniline, and o- and p-toluidine on 


of 


of 


(Dixon), T., 865—868; P., 1896, 
101. 
Phenylacetylthiocarbimide, action of 


water on (Drxon), T., 865. 
ab-Phenylacetyl-o-tolylthiocarbamide, 


| 
| 
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and the action of silver nitrate on 
(Dixon), T., 866, 867; P., 1896, 
101. 
ab-Phenylacetyl-p-tolylthiocarbamide, 
and the action of silver nitrate on 
(Dixon), T., 867; P., 1896, 101. 


| Phenylacetyl-o- tolylurea (Dixon), 1 


867; P., 1896, 101. 


| ab-Phenylacetyl-p-tolylurea (Drxoy), 


Phenylbutylene 


T., 868; P., 1896, 101. 
Phenylallylthiocarbamide, action of 


bromine on (Drxon), T., 852; P., 
1896, 99. 
Phenylazoimide, magnetic rotatory 


power, &c., of (PERKIN), T., 1098, 
1154, 1209, 1232, 1245. 
Phenylbenzylearboxyethylthiour ea 
(Doran), T., 332; P., 1896, 75. 
(iso- -butenylbenzene), 
magnetic rotatory power, &c., of 
(PERKIN), T., 11438, 1224, 1229, 1246. 
Phenylcarbamine, preparation of 
(Couen and Arcupracon), T., 92; 
(Hormann LecturRB), T., 652. 
Phenylearbimide (phenylic isocyanate), 
discovery of (Hormann LEc- 
TURE), ‘I’., 653. 
preparation of (HorMANN LECTURE), 
T., 710, 714. 
properties of (Hormann LeEcTURE), 
T., 654. 
Phenylcarboxyethylsemithiocarbazide 
(Doran), T., 383; P., 1896, 75. 
ab- Phenylearboxyethylthiocarbamide 
(Doran), T., 326 ; P., 1896, 74. 
Pheny Icarboxyethylthiourea, ‘probable 
non-existence of (Doran), T., 341, 
344; P., 1896, 75. 
Phenyldihydrofurfurantricarboxylic 
acid, triethylic salt, action of am- 
monia and of potassium hydroxide 
on (RUHEMANN and Wotrr), T., 
1384; P., 1896, 166. 
Phenyldimethylamine, preparation of 
(Hormann Lecture), T., 670. 
o-Phenylenediamine, magnetic rotatory 
power, &c., of (PERKIN), T., 1104, 
1109, 1131, 1214, 1245. 
hydrochloride, magnetic rotatory 
power, &c., of (PERxrn), T., 1112, 
1132, 1223, 1246. 


m-Phenylenediamine, discovery of 
(Hormann Lecture), T. , 688. 
magnetic rotatory power, &c., of 


(PERKIN), T., 1109, 1131, 1156, 
1214, 1232, 1245. 

hydrochloride, magnetic rotatory 
power, &c., of (PERKIN), T., 1112, 
1132, 1223, 1246. 


p-Phenylenediamine, preparation of 
(Hormann LeEctTuRE), T., 689. 
hydrochloride, magnetic rotatory 


powers, &c., of (Perxtn), T., 1112, 
1132, 1223, 1246. 
p-Phenylenedimethyldiamine, magnetic 
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rotatory power, &c., of (PERKIN), T., | 


1109, 1215, 1246. 

Phenylhydrazine, magnetic rotatory 
power, &., of (PERKIN), T., 1104, 
1209, 1245. 

Phenylic 8-bromethylic ether (BENT- 
LEY, Hawortu, and PErRKIw), T., 
165, 166. 

chloride, isocyano-, discovery 
(Hormann Lecture), T., 712. 
8-chlorethylic ether (BentLEY, Ha- 
WworTH, and PERKIN), T., 165. 
isocyanate. See Phenylcarbimide. 
B-ethoxyethylic ether (BENTLEY, 
Haworth, aud Perxry), T., 171. 
mercaptan (thiophenol) o-amino-, pre- 
paration of (Hormann LEc- 
TURE), T., 712, 713. 
compound obtained from, by 
action of cyanogen (HOFMANN 
Lecture), T., 713. 
sulphide, magnetic rotatory power, 
&e., of (PERKIN), T., 1064, 1124, 
1204, 1243. 

u-Phenylmethylaminopenthiazoline, -y- 
bromo-, and hydrobromide of 
(Dixon), T., 29; P., 1895, 217. 

8-Phenylpropionic acid (hydrocinnamic 
acid), magnetic rotatory power, 
&e., of the ethylic salt of (PERKIN), 
T., 1064, 1077, 1078, 1175, 1238. 

Phenylpropionitrile, occurrence of 
(Hormann Lecture), T., 719. 

Phenylrosaniline, preparation of (Hor- 
MANN Lecture), T., 615. 

Phenylthioallophanic acid, ethylic salt. 
See Phenylcarboxyethylthiourea. 

éso-Phenylthioallophanic acid, ethylic 
salt, identity of, with phenylcarboxy- 
ethylthiocarbamide (Doran), T., 342, 
344; P., 1896, 75. 

Phenylthiocarbamic acid, m-phenylene 
salt of (SNAPE), T'., 101; P., 1896, 
13. 

p-phenylene salt of (Snare), T., 101; 
P., 1896, 13. 

-Phenylthiocarbamic acid, phenylic 
salt of (SnaPE), T., 99; P., 1896, 13. 

Phenylthiocarbamide, action of ethylic 
chlorocarbonate on, and its acetyl 
derivative (Doran), T., 342. 

Phenylthiocarbimide, preparation of 
(Hormann Lecture), T., 710. 

action of benzoic chloride on (Hor- 
MANN Lecture), T., 712. 
action of, on glycol (Snape), T., 100; 
P., 1896, 13. 
action of, on phenol (Snapr), T., 98; 
P., 1896, 12. 


of 
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Phenylthiocarbimide, action of phos- 
phorus pentachloride on (Hor- 
MANN Lecture), T., 712. 

action of, on quinol (Snare), T., 99; 
P., 1896, 13. 
action of, on resorcinol (SNAPE), T., 
99; P., 1896, 13. 
Phenylthiourea (Drxon), T., 857. 
Phenyltolylamine, discovery of (Hor- 
MANN Lecture), T., 615. 
Phenyltriethylammonium hydroxide, 
action of heat on (Hormann LEc- 
TURE), T., 666. 

Phenyltrimethylammonium chloride, 
action of heat on (Hormann LeEc- 
TURE), T., 670. 

iodide, action of heat on (HOFMANN 
Lecture), T., 721. 
**Phosphine,”’ preparation of (Hor- 
MANN Lecture), T., 616. 
Phosphines. See under Phosphorus. 
Phosphorus pentoxide, vapour density 
of (TILvEN and BaRrnet7), T., 154; 
P., 1896, 30. 
Phosphoric acid, estimation of, in soils 


(Woop), TT. 291; P., 1896, 
13 


Metaphosphoric acid, vapour density 
of (Tr~npEN and Baryett), T., 
158; P., 1896, 30. 

Phosphorous acid, methylic salt, pre- 
paration of (HOFMANN LECTURE), 
T., 682. 

Phosphines, primary and secondary, 
preparation of (Hormann LkEc- 
TURE), T., 681, 632. 

Phthalic acid, ethylic salt, magnetic ro- 
tatory power, &c., of (PERKIN), T., 
1064, 1132, 1177, 1238. 

Phthalic chloride, magnetic rotatory 
power, &c., of (PERKIN), T., 1205, 
1244. 

Phthalic acid, ethylic salt, magnetic 
rotatory power, &c., of (PERKIN), 
T., 1132, 1177, 1238. 

Physiological action of amidosulphonic 
acid (Lorw), T., 1662; P., 1896, 
182. 

of cinnamic acid (Hormann LeEc- 
TURE), T., 698. 

Picric acid, preparation of (HorMANN 
Lecture), T., 641. 

absorption of, by silk (WALKER and 
APPLEYARD), T., 1339, 1343; P., 
1896, 147. 

Picric chloride, action of mercuric and 
lead thiocyanates on (J)1xon), T., 
868; P., 1896, 101. 

Picrylthiocarbimide, attempted prepara- 
tion of (Dixon), T., 868; P., 1896, 
101. 
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Pinene, constitution of (ARMSTRONG), 
T., 1399; P., 1896, it; (TILDEN), 
T., 1009; P., 1896, 137. 

relation of, to citrene (ARMSTRONG), 
P., 1896, 44. 

capacity of, for bromine (TILDEN), T., 
1009 ; P., 1896, 137. 

Pinene dibromide, from the tetrabro- 
mide (TILDEN azd NicHotrts), P., 
1896, 138. 

hydrochloride, activity 

STRONG), T., 1398. 

behaviour of, towards nitric acid 
(ARrMstTRONG), ‘I’., 1401. 

Pinole, constitution of (T1cpEn), T., 
1014. 

Pinonic acid, constitution of (TILDEN), 
T., 1014. 

Piper ovatum, preparation of piperova- 
tine, the active principle of (Dun- 
STAN and CARR), P., 1895, 177. 

Piperazine, composition of (HOFMANN 
Lecture), T., 688. 

Piperidine, constitution of (Hormann 

Lecturs), T., 723. 
thiocyanate (Drxon), T., 860. 

Piperidylcarboxyethylthiou:ea(DoRAN), 
T., 332; P., 1896, 75. 

Piperidyldimethylammonium _)hydr- 
oxide, action of heat on (HorMANN 
Lecture), T’., 723. 

u-Piperidylpenthiazoline, y-bromo- 
(Drxoy), T., 30; P., 1895, 217. 

Piperovatine, preparation of (DoNsTAN 
and Carr), P., 1895, 177. 

Plants, colouring matters of various 
British (PERKIN and HtmmeEt), T., 
1566 ; P., 1896, 185. 

Platinum, effect of carbon on the melt- 

ing point of (HAbTLEy), T., 846; 
P., 1896, 98. 

influence of, in promoting the com- 
bination of carbonic oxide ‘and 


of (ARM- 


oxygen (Dixon), T., 788; P., 1896, 
56 


Chlorplatinic acid, hydrated, absorp- 
tion of moisture by (HAKE), P., 
1896, 34. 

Platinocyanides, phosphorescence of 
the salts of (Jackson), P., 1896, 
58. 

Potash manure, increase of crop by, in 
comparison with the available potasli 
in soils (Woop), T., 289; P., 1896, 
13. 

Potassium amalgam, reduction by 
means of (HOFMANN LeEctTURB), T., 
649. 

chlorate, liberation of chlorine on 
heating manganese dioxide with 
(McLxEop), T, 1015; P., 1896, 
141. 
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Potassium barium imidosulphonates 
(Divers and Haga), T., 1622. 
mercury imidosulphonate (DIVERS 
and Haea), T., 1629. 
nitrite, reduction of (Divers and 
Haea), T., 1612; P., 1896, 179. 
nitrososulphate, preparation and re- 
duction of (Diversand Haaa), T., 
1611; P., 1896, 179. 
sulphate, constitution of double salts 
containing (Lutron), T., 519; P., 
1896, 71. 
ccbalt sulphate, density and optical 
behaviour of (Turton), T., 419. 
copper sulphate, density and optical 
behaviour of (Turron), T., 431. 
ferrous sulphate, density and optical 
behaviour of (Turton), T., 387. 
magnesium sulphate, density of 
(Turron), T., 355. 
optical behaviour of (Turron), T., 
356. 
nickel sulphate, density and optical 
behaviour of (Turron), 'T., 407. 
zine sulphate, density and optical 
behaviour of (Turron), T., 374. 
platinocyanide, phosphorescence of 
(Jackson), P., 1896, 59. 
tungstitartrate (HENDERSON and 
Barr), T., 1456; P., 1896, 169. 
estimation of available, in soils 
(Woop), T., 287; P., 1896, 13. 

Presidential address (Harcourt), T., 
563; P., 1896, 80. 

Propionic acid, magnetic rotatory power 
and relative density of (PERKIN), 
T., 1063, 1172, 1236. 

Propionic acid, Lead tetrapropionate 
(Hutcuinson and Poxrtarp), T., 
224; P., 1896, 31. 

phenylic salt, magnetic rotatory 
power, &c., of (PERKIN), T., 1075, 
1076, 1078, 1179, 1238. 

Prop oniz acid, a-bromo-, ethylic salt, 
action of acetone on (PERKIN and 
TEorPE), T., 1482. 

dextrochloro-, ethylic salt, rotatory 
power of (PurDre and WILLIAM- 
son), T., 829; P., 1896, 97. 
B-iodo-, ethylic salt, action of ethylic 
sodioacetoacetate on (BENTLEY 
and PERKIN), T., 1511. 
action of cthylic sodioisopropy!- 
malonate on (HEINKE and 
PERKIN), T., 1506; P., 1896, 
155. 

Propionic chloride, action of lead thio- 
cyanate on (Drxoy), T., 856; P., 
1896, 100. 

a-Propionyl-»-phenylbenzylthiourea, 
and the action of alkalis and silver 
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nitrate on (Dixon), T., 859, 860; 
P., 1896, 101. 
a-Propionyl-v-phenylbenzylthiourea, 
action of silver nitrate on (Dixon), 
T., 859; P., 1896, 100. 
«b-Propionylphenylthiocarbamide 
(Dixon), T., 856; P., 1896, 100. 
action of caustic potash on (Dixon), 
T., 857. 
action of silver nitrate on (Dixon), 
T., 857; P., 1896, 100. 
a-Propionyl-8-phenylthiosemicarbazide 
(Drxoyn), T., 860; P., 1896, 101. 
Propionylphenylurea (Dixon), T., 
857. 
Propionylthiocarbimide (Drixoy), T., 
856; P., 1896, 100. 
action of ammonia, aniline, methyl- 
aniline, piperidine, and o-, m-, and 
p-toluidines on (Dixon), T., 856— 
862. 
action of aldehyde-ammonia on 
(Drxon), T., 862. 
action of benzylic alcohol on (Dixon), 
T., 862. 
action of phenylhydrazine on (Drxon), 
T., 860; P., 1896, 101. 
ab-Propionyl-o-tolylthiocarbamide 
(Dixon), T., 858 ; P., 1896, 100. 
action of caustic potash on (Dixon), 
T., 858. 
ab-Propionyl-m-tolylthiocarbamide 
(Drxon), T., 858; P., 1896, 100. 
action of alkali and of silver nitrate 
on (Drxon), T., 858. 
ab-Propionyl]-p-tolylthiocarbamide, and 
action of alkali and of silver nitrate 
on (Drxon), T., 859; P., 1896, 100. 
«-Propoxypenthiazoline, -y-bromo- 
(Dixon), T., 33; P., 1895, 217. 
Propylamine, f-bromo-, action of 
methyl- and allyl-thiocarbimides on 
(Drxon), T., 24; P., 1895, 216. 
Propylenediamine, discovery of (Hor- 
MANN Lecture), T., 687. 
éso-Propylethanetricarboxylic acid, 
ethylic salt, anil, and anilic acid of 
(BENTLEY, PeRKin, and THOR?E), 
T., 273. 
iso-Propylfuran-a-naphthaquinone, pre- 
paration of (Hooker), T., 1370, 
1372. 
éso-Propylfuran-8-paphthaquinone, pre- 
paration of (Hooker), T., 1369, 
1376. 
azine obtained from, by the action of 
o-tolylenediamine (Hooker), T., 
1378. 
iso-Propylglutaranilic acid (PERKIN), 
T., 1497; P., 1896, 170; (HEINKE 
and PEerkIn), T., 1508. 
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iso-Propylglutaric acid (HEINKE and 
Perkin), T., 1507; P., 1896, 
155. 

and its salts (Perxtn), T., 1495; P., 
1896, 154, 170. 

action of acetic anhydride on (PER- 
KIN), T., 1496. 

oxidation of (Perxrn), T., 1497. 

ethylic salt (PERKIN), T., 1496. 

iso-Propylglutaric anhydride (PERKIN), 

T., 1496; P., 1896, 170; (Henke 
and Prerxrn), T., 1508. 

action of aniline on (PERKIN), T., 
1497. 

Propylic alcohol, action of light on 
(RicHarpson and Fortey), T., 
1351; P., 1896, 164. 

bromide, magnetic rotatory power and 
relative density of (Prerxtn), T., 
1063, 1173, 1237. 

iso-Propylic alcohol, action of light on 
(RicHArRpson and Fortey), T., 
1352; P., 1896, 164. 

iso-Propylmalonic acid, alkylic salts of, 
action of sodium ethoxide and 
ethylenic bromide on (BentiLey, 
Haworth, and Perkin), T., 162. 

sodio-, ethylic salt, action of ethylic 
B-iodopropionate on (HEINKE and 
PERKIN), T., 1506; P., 1896, 155. 
Propyl--nitrole. See Propane, B-nitro- 
B-nitroso-. 
Propylthiocarbimide, #y-dibromo- 
(Dixon), T., 17; P., 1895, 
215. 
action of alcoholic ammonia on 
(Dixon), T., 18, 22; P., 1895, 
215, 216. 
action of aniline on (Drxoy), T., 
17. 
action of organic bases on (Drxon), 
T., 26; P., 1893, 216. 
action of methylic, ethylic, and 
propylic alcohols on (Drxon), 
T., 31—33 ; P., 1895, 217. 
action of methylamine on (Drxon), 
T., 854; P., 1896, 100. 
action of silver chloride on (Drxon), 
T., 20; P., 1895, 215. 
Propylthiourea, dibromo- (Drxoy), T., 
18, 23; P., 1895, 215. 
Purpuroxanthin, acid compound of 
(Perkrn), T., 1441; P., 1896, 167. 
5-Pyrazolone-3-carboxylic acid (RuHE- 
MANN), T., 1396. 
ethylic salt (RunEMANN), T., 1894; 
P., 1896, 166. 

Pyridine, constitution of (Hormann 

Lectore), T., 723. 
magnetic rotatory power, &c., of 
(Perry), T., 1115, 1214, 1245. 
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Pyridine, dibromo-, preparation of 
(Hormann Lecture), T., 723. 

Pyrogallol, magnetic rotatory power, 
&c., of (PERKIN), T., 1127, 1185, 
1240. 

Pyrotartaric anhydride, magnetic rota- 
tory power and relative density of 
(PERKIN), T., 1063, 1173, 1237. 

Pyrroline, isolation of, from coal-tar 
(Hormann Lectvre), T., 597. 

Pyruvic acid, ethylic salt, action of 
ethylic $-bromisovalerate on (PER- 
KIN and THoRPE), P., 1896, 156. 


Q. 


Querbracho colorado, the colouring 
matter and other constituents of 
(PERKIN and GuUNNELL), T., 1303; 
P., 1896, 158. 

Quercetin, colouring matter of Cra- 
tegus oxyacantha (PERKIN and 
HumMeEz), T., 1570; P., 1896, 
186. 

existence of, in Cheiranthus cheiri 
(PERKIN and Hummez), T., 1568; 
P., 1896, 185. 

occurrence of, in outer skins of the 
bulb of the onion (PERKIN and 
Hummet), T., 1295; P., 1896, 
144, 

constitution of acid compounds of 
(PERKIN), T., 1444; P., 1896, 
167. 

Quercetin hydrochloride, analysis of 
(Perkin), T., 1441; P., 1896, 
167. 

monomethyl ether (isorhamnetin), ex- 
stence of, in Cheiranthus cheiri, 
and its acetyl derivatives (PERKIN 
and HumMet), T., 1569; P., 1896, 
186. 

tetramethyl ether, acid compound of 
(PERKIN), T., 1443; P., 1896, 
167. 

Quercetin, dibromo-, ron-formation of 
acid compounds of (PERKIN), ‘T., 
1443; P., 1896, 167. 

Quercetin-group of natural yellow 
colouring matters (PERKIN), T., 
1441; P., 1896, 167. 

means of distinguishing members of, 
of natural yellow dye-stuffs (PER- 
KIN), T., 1445; P., 1896, 168. 

Quinine, attempts to synthesise (Hor- 
MANN LeEctuURE), T., 603; P., 18938, 
138. 

Quinol, dithio-, preparation of (Snaps), 
T., 100 
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Quinoline, isolation of, from coal-tar 
(Hormann Lecture), T., 597. 
magnetic rotatory power, &c., of 
(Perky), T., 1115, 1117, 1214, 
1245. 
action of cyanogen on (HoFMANN 
Lecture), T., 650. 
Quinoline-red, preparation of (Hor- 
MANN Lecture), T., 627. 
Quinoline-blue, compositicn of (Hor- 
MANN LeotuRE), T., 619. 
Quinone, preparation of (Hormann 
Lecture), T., 700. 


R.. 


Reseda luteola, luteolin, the colouring 
matter of (PERKIN), T., 206; P., 
1896, 37. 

Resorcinol, magnetic rotatory power, 
&e., of (PERKIN), T., 1084, 1127, 
1130, 1239. 

condensation of, with chloral (HEwitr 
and Porg), T., 1265; 1896, 150. 

condensation of, with chloral hydrate 
(Hewitt and Pore), T., 1266; P., 
1896, 150. 

dithio-, preparation of (Sxapez), T., 
100. 


Rhamnazin, acid compound of (PER- 
KIN), T., 1441; P., 1896, 167. 

iso-Rhamnetin, the yellow colouring 
matter in Cheiranthus cheiri (PERKIN 
and HumMEt), T., 1569; P., 1896, 
186. 

Rhus coriaria, the colouring matter of 
(PERKIN and ALutEN), T., 1299; P., 
1896, 157. 

Rosaniline, discovery of (Hormann 

Lecrvure), T., 609; P., 1898, 138. 
constitution of (Hormann Lecture), 
T., 613, 6&9. 
action of alkyl iodides on (HormANnN 
Lecture), T., 616. 

Royal College of Chemistry, history of 
(Hormann Lecture), T., 580. 

Rubidium sulphate, constitution of 

double salts containing (Turron), 
T., 519; P., 1896, 71. 
cadmium sulphate, density and opti- 
cal behaviour of (Turron), T., 445. 
cobalt sulphate, density and optical 
behaviour of (Turton), T., 424. 
copper sulphate, density and optical 
behaviour of (Tutton), T., 437. 
ferrous sulphate, density and optical 
behaviour of (Turron), T., 391. 
magnesium sulphate, density and 
optical behaviour of (Tcrroy), T.., 
361. 
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Rubidium manganous sulphate, density 
and optical behaviour of (TuTTon), 
T., 399. 
nickel sulphate, density and optical 
behaviour of (Turron), 'T., 411. 
zine sulphate, density and optical 
behaviour of (Turron), T., 379. 


Ss. 


Safranine, discovery of (Hormann LEc- 
TURE), T., 625. 

iso-Safrole, synthesis of (MELDOLA, 
Wootcott, and Wray), T., 1321, 

Salicylaldehyde, magnetic rotatory 
power, &c., of (PERKIN), T., 1126, 
1200, 1243. 

Salicylamide, preparation of aniline 
from (Hormann Lecture), T., 647. 
Salicylic acid, absorption by silk of di- 
lute (WALKER and APPLEYARD), 

T., 1346; P., 1896, 147. 


ethylic salt, rotatory power, &c., of | 


(Perxiy), T., 1126, 1127, 1176, 
1238. 
molecular volume of, in organic 
solvents (Nicox), T., 143; P., 
1895, 237. 
methylic — salt, 


magnetic rotatory 


powers, &c., of the (PERKIN), T., 
1126, 1127, 1176, 1238. 
Santalenic acid (CHAPMAN and Bur- 
GxEss), P., 1896, 140. 
Santalal, oxidation of (CHAPMAN and 
Burasss), P., 1896, 140. 


Sesquiterpene, C,;H.,, from Charas 
(Woop, Spivey, and EAsTE&RFIELD), 
T., 542; P., 1896, 76. 

Silk, absorption of dilute acids by 
(WALKER and APPLEYARD), T., 1334; 
P., 1896, 147. 

Silver, diffusion of, in mercury 

(RoseErts-AUSTEN), P., 1896, 219. 

solubility and rate of diffusion of, 
in mercury (Humpnreys), T., 
247; P., 1896, 9. 

Silver alloys with gold, solubility of, in 
potassium cyanide solutions (Mac- 
LAURIN), T., 1276; P., 1896, 149. 

Silver amidosulphonate (Divers and 

Haaa), T., 1647; P., 1896, 181. 
sodium imidosulphonates (DIVERS 
and Haga), T., 1626. 
double sulphide of gold and (Mac- 
LAURIN), [., 1271; P., 1898'149. 

Sobrerol, constitution of (T1tpEy), T., 
1014. : 

Sodium amidosulphonate, preparation 
of, from sodium nitrite (DIVERS 
and HaGa), T., 1646. 
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Sodium amidosulphonate, electrolytic 
conductivity of (Saxurat), T., 
1657; P., 1896, 181. 

imidosulphonates (Divers and 
Haga), T., 1621; P., 1896, 179. 
barium imidosulphonates (DIVERS 
and Haea), T., 1622. 
calcium imidosulphonate (DIVERS 
and Haea), T.,1626; P.,1896,179. 
mercury imidosulphonates (DIVERS 
and Haea),T., 1629; P., 1896, 179. 
silver imidosulphonate (Divers and 
Haea), T., 1626. 
strontium imidosulphonate (Divers 
and Haea), T., 1625; P.,1896, 179. 
sulphate, viscosity of aqueous solu- 
tions of (D’Arcy), T., 999; P., 
1896, 104. 
condition of, in solution (D’ARrcy), 
T., 993; P., 1896, 104. 
double salt of amidosulphonie acid 
and (Divers and Haga), T., 
1646. 

Sodium antimoniomucate (HrnDERSON 

and Barr), T., 1458; P.,1896, 168. 
molybditartrate (HENDERSON and 

Barr), T., 1455; P., 1896, 169. 
tungstitartrate (HENDERSON and 

Barr), T., 1456; P., 1896, 169. 

Soils, analysis of different (Woop), T., 

289; P., 1896, 13. 

estimation of available potash and 
phosphoric acid in, T., 287; P., 
1896, 13. 

Solubility of metals and alloys in mer- 
cury (Humpureys), T., 1679; P., 
1896, 220. 

of silver and copper in mercury 
(Humrureys), T., 247; P., 1896, 
9. 

Solution, dynamical condition of mole- 
cules in (F1TzGERALD), T., 902. 

Solution theory of dyeing (WALKER 
and APPLEYARD), T., 1348; P.,1896, 
147. 

Solutions, changes of volume daring 

the formation of dilute (Joxzs), 
P., 1895, 179. 

condition of sodium sulphate in 
aqueous (D’Arcy), T., 993; P., 
1896, 104. 

of organic substances, magnetic rota- 
tory power of (PERKIN), T., 1052; 
P., 1896, 122. 

Sorbic acid, discovery of (HOFMANN 
Lecture), T., 698. 

Starch, reducing power of, on ammo- 
niacal silver nitrate (HENDERSON), 
T., 151; P., 1896, 9. 

Stearamide (Dixon), T., 1602. 

Stearic acid, action of light on (Ricu- 
ARDSON and Fortey), T., 1349. 
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Stearic chloride, action of lead thio- 
cyanate on (Dixon), T., 1599. 

Stearylbenzidide (Dixon), ‘I, 1602, 
1603. 

ab-Stearyl-a-naphthylthiocarbamide, 
and the action of silver nitrate on 
(Dixon), T., 1601; P., 1896, 223. 


Stearyl-a-naphthylurea (Dixon), T., 
1601; P., 1896, 223. 
#-Stearyl-y-phenylbenzylthiourea, and 


action of silver nitrate on (Dixon), 
T., 1602; P., 1896, 223. 

a-Stearyl-b-phenylbenzylurea (D1xon), 
T., 1602; P., 1896, 223. 

Stearylthiocarbimide (Drxon), T., 1599. 
action of ammonia, benzylamine, 
benzylaniline, a-naphthylamine, 
phenylhydrazine, piperidine, o0-tolu- 
idine, and m-xylidine on (Drxoy), 
7., 1601, 1602. 

«ab-Stearyl-o-tolylthiocarbamide, and the 
action of silver nitrate on (Dixon), 
T., 1600; P., 1896, 223. 

Stearyl-o-tolylurea (Dixon), T., 1600; 
P., 1896, 223. 

ab-Stearyl-m-xylylthiocarbamide, and 
the action of silver nitrate on 
(Drxon), T , 1600; P., 1896, 223. 

b-Stearyl-m-xylylurea (Dixon), T., 
1601; P., 1896, 223. 

Stilbene (diphenylethylene), magnetic 
rotatory power, &c., of (Perky), T., 
1150, 1225, 1246. 

Straw, carbohydrates of barley- (Cross, 
Bevan, and Smitn), T., 1604, P., 
1896, 174. 

Straws, existence of xylose-formal in the 
cellulose of cereal- (Cross, BEvAN, 
and Smitn), T., 815; P., 1896, 96. 

Strontium, imidosulphonates (Divers 
and Haga), T., 1622; P., 1896, 179. 

Strychnine, sulphur compound of (Hor- 

MANN Lecture), T., 719. 

estimation of nitrogen in, by the 
absolute method (Dunstan and 
CaRR), P., 1896, 48. 

Styrene (cinnamene), magnetic rotatorv 
power, &c., of (PERKIN), T., 1148, 
1149, 1224, 1246. 

‘Styryl methyl ketone (benzylideneacet- 
one), magnetic rotatory power, &c., 
of (PERKIN), T., 1145, 1229, 1247. 

Substance, C,H,N.SBr., from the action 

of bromine on allylthiourea 
(Dixon), T., 19; P., 1895, 215. 

action of caustic alkali on (Dixon), 
T., 19. 

€,HsN.81,, from allylthiourea and 

iodine (Dixon), T., 25; P., 1895, 
216. 

.action of caustic potash on (Dixon), 

T., 26; P., 1895, 216. 
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Substance, C,H,N,SI,, action of silver 
chloride on (D1rxon), T., 25. 

C,H,N.SCII, from C,H,N.SI, and 
silver chloride (Drxon), T., 25. 

C;H,N», from formaldehyde and ex- 

cess of phenylhydrazine 
(WALKER), T., 1282. 
action of sodium ethoxide and 
sodium on (WALKER), T., 1283. 
action of excess of formaldehyde on 
(WatrErR), T., 1284. 

CgH 909, from dihydroxymaleic acid 
and hydrogen bromide in presence 
of acetic acid (FENron), T., 559. 

C\oH,3;NO,, from trans-r camphanic 
acid (Krprine), T., 961. 

C,,Hj.0,, from  diacetylacetone, 
oxime, conversion of, into dihydr- 
oxyacetyldimethylnaphthalene, and 
behaviour of, towards ammonia 
(CoLtre and Witsmore), T., 300; 
P., 1896, 47. 

C,,H\sN,y, from methenehydrazone 
and ethylic acetate (WALKER), T., 
1286, 1287. 

C,;H,gNs, preparation of two isomeric 
forms of, from formaldehyde and 
phenylhydrazine (Waker), T., 
1280, 1281. 

C,¢HigN,O, from C;H,N. and form- 
aldehyde (WALKER), 'I’., 1284. 

C\,H 1293, from a-hydrindone and 
bromine (Revis and Krprrne), P., 
1895, 214. 

C,,H,3BrO., from monobromohydrin- 
done (Revis and Krrrtye), P., 
1895, 214. 

CygH,2N2O;, from o-chlorobenzene- 
azosalicylic acid (HEwitr and 
STEVENSON), T, 1261; P., 1896, 
149. 

CayHggO2, from amx-dibromocamphor 
(REvis and Ki1prr1n@), P., 1896, 77. 

Co3H2,N,O, from acetophenonehydr- 
azone and formaldehyde (WALKER), 
'T., 1286. 

C,;H,;N,O2, from o-chlorobenzene- 
azosalicylic acid (Hewitt and 
STEVENSON), T., 1260; P., 1896, 
149, 

C.;H.,N4, from benzylidenehydrazone 
and formaldehyde (WALKER), T., 
1285. 

CosH,,0, from substance C..H2,0- 
on reduction (Japp and LANDER), 
T., 744. 

C,H 0, from anhydracetonedibenzil 
on reduction (JAPP and LANDER), 
T., 745. 

C-,H202, from the reduction of 
ethylic anhvdrodibenzilacetoacetate 

(‘app and Lanper), T., 744. 


Substance, Cz,H.,0, from the reduction | 
of ethylic anhydrodibonzilacetoace- 
tate (Japp and LanpvEn), T., 744; 
P., 1895, 146. 

Substituents in the ertho-position, “ pro- 
tecting influence” of (MELDOLA and 
STREATFEILD), P., 1896, 51. 

Succinic acid from camphene (MARsH 
and GARDNER), T., 84; P., 1895, 
206. 

absorption by silk of dilute (WALKER 
and AppiEyaRD), T., 1346; P., 
1896, 147. 

ethylic salt, molecular volume of, in 
organic solvents (Nicot), T., 143; 
P., 1895, 237. 

iso-Succinic acid. See Methylmalonic 
acid. 

Sugar, cane-, reducing power of, on 
ammoniacal silver nitrate (HENDER- 
son), T., 150; P., 1896, 9. 

p-Sulphanilic acid, absorption by silk of 
dilute (WALKER and APeLEYARD), 
T., 1346; P., 1896, 147. 

Sulphanisic acid, preparation of (Hor- 
MANN Lecture), T., 697. 

Sulphocarbanilide, preparation of (Hor- 
MANN Lecture), T., 649, 652. 

Sulphur :— 

Amidosulphonic acid, preparation of 
(Divers and Ha@a), T., 1637; 

P., 1896, 180. 
formation of, by reduction of ni- 


trososulphates (Divers and 
Hae@a), T., 1615; P., 1896, 
179. 


electrolytic conductivity of (Sa- 
kKuRAI), T., 1656; P., 1896, 
181. 

and its salts, effect of heat on 
(Divers and Haaa), T., 1650 ; 
P., 1896, 181. 

action of, on plants and animals 
(Lorw), L., 1662; P., 1896, 
182. 

Imidosulphonie acid, salts of (DIVERS 
and Haga), T., 1620; P., 1896, 
179. 

Nitrososulphurie acid, reduction by 
sodium of the salts of (DivERs 
and Haga), T., 1610; P., 1896, 
179. 

Sulphurous anhydride (sulphur di- 
oxide), oxidation of, in presence of 
water (Drxon), T., 779. 

Sulphuric acid, absorption of mois- 

ture by (HAKE), P., 1896, 34. 
absorption by silk of dilute (WALKER 
and APPLEYARD), T., 1346; P., 
1896, 147. 
use of, in nitration (HOFMANN 
Lecture), T., 695. 
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myricetin, the colouring 
matter of (PERKIN and Aten), T., 
1299; P., 1896, 157. 

Systematic chemistry, L. Meyer’s 
papers on (BEpson), T., 1421; P., 
1896, 119. 


T. 


Tannin in bark of Myrica nagi (PER- 
KIN and HummeEt), T., 1294; P., 
1896, 145. 

use of, in dyeing (Hormann LeEc- 
TURE), T., 608. 

Tartarie acid, absorption by silk of 
dilute (WALKER and APPLEYARD), 
T., 1346; P., 1896, 147. 

oxidation of, in presence of ferrous 
iron (Fenton), T., 546; P., 1896, 
67. 

ferrous salt, behaviour of, in 
(FENTON), T., 547. 

Tellurium, atomic weight of Japanese 
(CuikasHIG£), T., 881; P., 1896, 
151. 

Terephthalic acid from the oxidation of 

camphene (Marsu and GARDNER), 
T., 84; P., 1895, 206. 

ethylic salt, magnetic rotatory power, 
&e., of (PERKIN), T., 1132, 1178, 
L238. 

Terpene, C,yH,,, from Charas (Woop, 
Spivey, and EAsTERFIELD), T, 541; 
P., 1896, 76. 

Tetrabenzoylfisetin (PERKIN and GuN- 
NELL), T., 1305; P., 1896, 158. 

Tetrabenzoylluteolin (PERKIN), T., 210; 
P., 1896, 37. 

Tetracetylaconine, preparation and 
hydrolysis of (DunsTAN and Carr), 
P., 1895, 178. 

Tetracetyldibromoluteolin (PERKIN), 
T., 210; P., 1896, 37. 

Tetracetylfisetin (PERKIN and Gun- 
NELL), T., 1305; P., 1896, 158. 

Tetracetylluteolin (PERKIN), T., 210; 
P., 1896, 37. 


air 


ar-Tetrahydro-a-naphthylamine, mag- 
netic rotatory power, &c., of 
(Perkin), T., 1104, 1106, 1213, 
1245. 

ac-Tetrahydro-8-naphthylamine, mag- 
netic rotatory power, &c., of 
(Perkin), T., 1104, 1106, 1213, 


1245. 

Tetrahydroquinoline, magnetic rotatory 
power, &c., of (PERKIN), T., 1117, 
1214, 1245. 

2:4: 2’ : 4’-Tetrahydroxydiphenyl- 

acetic acid (HrwiTt and Popr), 
T., 1268, 1269; P., 1896, 151. 
lactone of, and its triacetyl deriva- 
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tive (Hewitt and Pork), T., 1267, 
1269; P., 1896, 151. 

Tetramethylammonium hydroxide, 
action of heat on (Hormann LEc- 
TURE), T., 666. 

iodide, preparation of (HorrmMan 
Lecture), T., 666. 

Tetramethylaniline, nitrile and ‘so- 
nitrile obtained from (HOFMANN 
Lecture), T., 710. 

Tetramines, discovery of (HoFMANN 
Lecture), T., 687. 

Tetramylammonium hydroxide, action 
of heat on (Hormann LECTURE), 
T., 666. 

iodide (Hormann Lecture), T., 
666. 

Tetraphenylmelamine, preparation of 
(Hormann Lecture), 1., 716. 

Tetrethylammonium hydroxide, dis- 

covery of (HorMANN LECTURE), 
T., 665. 

action of heat on (Hormann Lec- 
TURE), T., 666. 

action of ethylic iodide on (Hor- 
MANN LeEotuRE), T., 666. 

iodide, discovery of (Hormann LEc- 

TURE), T., 664. 

Tetrethylphosphonium hydroxide, pre- 
paration of (Hormann LEocTURE), 
T., 672. 

iodide, discovery of (Hormann Lxc- 
TURE), T., 602. 

preparation of (Hormann LeEc- 
TURE, T., 672. 

Thallium, solution and diffusion of, 
in mercury (Humpureys), T., 
1681; P., 1896, 220. 

Theobromine periodides, preparation 
and properties of (SHAw), T., 102; 
P., 1895, 177. 

Thiocarbanil, magnetic rotatory power, 
&e., of (PERKIN), T., 1124, 1204, 
1244. 

Thiocarbamides, symmetrical disubsti- 
tuted, action of alkali on (Drxon), 
T., 857; P., 1896, 100. 

Thiocarbimides, ethereal, synthesis of 
(Hormann Lecture), T., 711. 

Thiophen, magnetic rotatory power, 
&e., of (Perkin), T., 1117, 1204, 
1244. 

'Phiosemicarbazides and thiocarbazides, 
suggestions as to the nomenclature of 
(Drxon), T., 861. 

“ Thiosinnammoniumoxydhydrat, 
bromo-” (Drxon), T., 21. 

Thymol, magnetic rotatory power, &c., 
of (PrrxKIN), T., 1064, 1132, 1183, 
1239. 

crystalline form of (PoP), P., 1896, 
142, 


Tin, rate of diffusion of, in mercury 
(Humpureys), T., 251; P., 1896, 


Tin-alloys, solution and diffusion of, 
in mercury (Humpenreys), T., 
1682 ; P., 1896, 220. 

with lead, solution and diffusion of, 
in mercury (HumpnHreys), T., 
1681; P., 1896, 220. 

Tissue, formation of, in plants (Cross, 
Brvan, and Smirn), T., 1605; P., 
1896, 174. 

Tolane. See Diphenylacetylene. 

Toluene, discovery of, in coal-tar (Hor- 
MANN LeEctuRB), T., 693. 

separation of, from coal-tar naphtha 
(Hormann Lecture), T., 598. 

magnetic rotatory power, &c., of 
(PERKIN), 'T., 1064, 1082—1085, 
1125, 1191, 1241. 

Toluene, o- and p-bromo-, magnetic 
rotatory power, &c., of (PERKIN), 
T., 1064, 1131, 1203, 1243. 

o- and p-chloro-, magnetic rotatory 
power, &c., of (PERKtnN}, T., 1131, 
1203, 1243. 

o- and p-nitro-, magnetic rotatory 
powers, &c., of (PERKIN), T., 1095, 
1131, 1162, 1181, 1239. 

o-Toluic acid, ethylic salts, magnetic 
rotatory power of (PERKIN), T., 
1096, 1097, 1130, 1177, 1238. 

p-Toluic acid, ethylic salt, magnetic 

rotatory power of (PrRrxrn), T., 

1096, 1097, 11380, 1177, 1238. 

o-Toluidine, refraction equivalents of, 
at different temperatures (PER- 
KIN), T.,4; P., 1895, 199. 

magnetic rotatory power of (PERKIN), 
T., 1104, 1131, 1155, 1159, 1210, 
1245. 

m-Toluidine, magnetic rotatory powers, 
&e., of (PERKIN), T., 1131, 1210, 
1245. 

p-Toluidine, discovery of (Hormann 
Lecture), T., 646. 

preparation of (Hormann LECTURE), 
T., 597 

refraction equivalents of, at different 
temperatures (PERKIN), T., 4; P., 
1895, 199. 

magnetic rotatory power of (PER- 
KIN), T., 1131, 1155, 1159, 1209, 
1245. 

action of cyanogen on (HormaNN 
LectuRe), T., 590, 649. 

colouring matter obtained by oxida- 
tion of (Hormann Lecture), T., 
605. 

o-Toluonitrile, magnetic rotatory powers, 
&e., of (Prrxin), T., 1096, 1137, 
1206, 1244, 
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p-Toluonitrile, preparation of (Hor- 
MANN Lecture), T., 705. 
magnetic rotatory power of (PERKIN), 
T., 1096, 1137, 1206, 1244. 
o-Tolylallylthiocarbamide, action of 
bromine on (Dixon), T., 852; P., 
1896, 99. 
u-o-Tolylaminopenthiazoline, -y-bromo- 
(Dixon), T., 28; P., 1895, 216. 
u-p-Tolylaminopenthiazoline, -y-bromo- 
(Drxoy), T., 27; P., 1895, 216. 

Tolylearbimide, preparation of (Hor- 
MANN Lecture), T., 715. 

ab-o-Tolylcarboxyethylthiocarbamide 
(Doran), T., 327; P., 1896, 74. 

ab-p-Tolylearboxyethylthiocarbamide 
(Doran), T., 328; P., 1896, 74. 

Tolylenediamine, discovery of (Hor- 
MANN LectuRB), T., 688. 

o-'Tolylic methylic ether, magnetic 
rotatory power of (PeER«Kin), T., 
1127, 1128, 1130, 1159, 1187, 
1240. 

m-Tolylic methylic ether, magnetic 
rotatory power of (PERKIN), T., 
1127, 1128, 1130, 1159, 1187, 1240. 

p-Tolylic allylic ether, magnetic rota- 

tory power, &ec., of (PERKIN), I., 
1141, 1226, 1247. 

methylic ether, magnetic rotatory 
powers, &c., of (PERKIN), 'I’., 1127, 
1128, 1130, 1159, 1187, 1240. 

o-Tolylthiourea (Drxon), T., 858. 

Triacetoxyhydroxydiphenylacetic acid 
(Hewirt and Pope), T., 1267; P., 
1896, 151. 

Triethylamine, discovery of (HOFMANN 

Lecture), T., 661. 

action of ethylic bromide on (Hor- 
MANN Lecture), T., 663. 

action of ethylic iodide on (HOFMANN 
Lecturer), T., 664. 

Triethylamylammonium hydroxide, 
action of heat on (Hormann LEc- 
TURE), T., 666. 

Triethylchrysaniline, discovery of (Hor- 
MANN Lecture), T., 622. 

Triethyldiethylenetriamine, discovery 
of (Hormann Lecture), T., 687. 

Triethylenediamine (Hormann Lec- 
TURE), T., 684. 

Triethylenetriamine, discovery of, and 
its salts (Hormann Lecture), T., 
686. 

Triethylmelamine, preparation of (Hor- 
MANN LeoturRe), T., 716. 

Triethylphosphine, preparation of 

(Hormann Lecture), T., 602, 671. 
action of carbon tetrachloride on 

(Hormann Lecture), T’., 680. 
action of ethylic chloracetate on 


(Hormann Lecture), T., 681. 
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Triethylphosphine, action of ethylenic 
dibromide on (Hormann Le&c- 
TURE), T., 678. 

action of iodoform on (HOFMANN 
Lecture), T., 680. 
action of sulphur compounds 
(Hormann Lectrurg), T., 674. 
compound of, with carbon bisulphide, 
and its derivatives (Hormann LEc- 
TURE), T., 675. 
compound of, with phenylthiocarb- 
imide, and its derivatives (HoF- 
MANN LECTURE), 676. 
Triethylphosphine oxide, preparation 
of (Hormann Lecture), T., 
672. 
compound of, with platinic chloride 
(Hormann Lectvurg), T., 674. 
compound of, with zine iodide 
(Hormann Lecrurs), T., 674. 
oxychloride, preparation of (Hor- 
MANN LECTURE), 674. 
sulphide, preparation of (HOFMANN 
LEoTURE), 675. 

Triethylrosaniline, compound of, with 
ethylic iodide (Hormann LEcTURE), 
au, Oli. 

Triethyltriethylenetriamine, discovery 
of (Hormann Lecture), T., 687. 

Triethylvinylphosphonium _ hydroxide, 
preparation of (HormANN LECTURE), 
T., 678. 

Trihydroxylamine, hydriodide of, and 
the action of heat on (DuNSTAN and 
GovuLpine@), T., 840; P., 1896, 73. 

Trimellitic acid from methylpurpuro- 
xanthin (Scounck and MARcH- 
LEWSE1I), T., 70; P., 1895, 203. 

Trimethylallylammonium chloride, ac- 
tion of heat on (Hormann LECTURE), 
T., 670. 

Trimethylbromethylammonium brom- 
ide, preparation of (Hormann Lec- 
TURE), T., 680. 

Trimethylisobutylammonium _ platino- 
chloride, crystalline form of (Hor- 
MANN LeEcturRE), T., 671. 

Trimethylchrysaniline, discovery of 
(Hormann Lecture), T., 622. 

aBB-Trimethylglutaric acid (PERKIN 
and THORPE), P., 1896, 156. 

ethylic salt (PERKIN and THorRPE), 
P., 1896, 156. 
aaB8-Trimethylglutaric acid, B-bromo-, 
ethylic salt, and action of alcoholic 
potassium cyanide on (PERKIN and 
THoRPE), P., 1896, 156. 

Trimethylhydroxylamine, hydriodide of 
(Dunsran and Govutprne), T., 839; 
P., 1896, 72. 

Trimethylphosphine, preparation of 
(Hormann Lecture), T., 671. 
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Trimethylpropylammonium platino- 
chloride, crystalline form of (Hor- 
MANN Lecture), T., 671. 

Trimethylisopropylammonium chloride, 
action of heat on (Hormann Lec- 
TURE), T., 670. 

Trimethylpyrogallol, magnetic rotatory 
power, &c., of, (PERKIN), T., 1064, 
1127, 1189, 1241. 

Trimethylrosaniline methochloride 
(Hormann Lecture), T., 625. 

Triphenylguanidine, discovery of (Hor- 

MANN Lecture), T., 686. 
action of cyanogen on (HormMAnn 
Lecture), T., 715. 

Triphenylmelamine, preparation of 
(Hormann Lecture), T., 716. 

Triphenylmethane, magnetic rotatory 
power, &c., of (PErKin), T., 1085, 
1086, 1152, 1195, 1230, 1242. 

Triphenylphosphine and its chloride 
(Hormann Lecture), T., 683. 

Triphenylrosaniline, constitution of 
(Hormawn Lecture), T., 614. 

Triphenylrosanilinesulphonic acids, dis- 
covery of (Hormann Lecture), T., 
616. 

Triphenylstibine : its chloride and 
hydroxide (Hormann LecturRs), T., 
683. 

Triphosphonium triiodide, preparation 
of (Hormann Lecture), T., 680. 
Tungstitartaric acid, salts of (HENDER- 
son and Barr), T., 1456; P., 1896, 

169. 


U. 


Urea, estimation of, by the hypobromite 
process (ALLEN), P., 1896, 31. 

Urine, estimation of urea in, by the 
hypobremite process (ALLEN), P., 
1896, 31. 


V. 


iso-Valeraldelhyde, condensation of, 
with 8-hydroxy-a-naphthaquinone 

(Hooker), T., 1356. 

VALERIC ACIDS :— 

Valeric acid, formation of, by the 
action of light on amylic alcohol 
(RicHarpson and Fortey), T., 
1351; P., 1896, 165. 

Valerie acid, absorption by silk of 
dilute (WALKER and APPLE- 
YARD), T., 1846; P., 1896, 147. 

ethylic and amylic salts, molecular 
volume of, in organic solvents 
(Nicot), T., 143; P., 1895, 
237. 
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VALERIC ACIDS :— 

Valeric acid, a-bromo-, ethylic salt, 
action of alcoholic potash on 
PrrktIn and Goopwiy), T., 
1470. 

action of quinoline on (PERKIN 
and Goopwiy), T., 1470. 
Methylethylacetic acid (a-methyl- 
butyric acid; Hydrotiglic acid), 
y-bromo- (BENTLEY, HAWORTH, 
and PERKIN), T., 174. 
ethylic salt (BENTLEY, HAWORTH, 
and Perky), T., 174; P., 
1896, 36. 
action of ethylic sodioisopro- 
pylmalonate on (BENTLEY, 
HawortH, and PERKIN), 
T., 162. 
y-chloro-, anilide of (BENTLEY, 
Haworta, and Perrxin), T., 
175; P., 1896, 37. 

VALERIC CHLORIDE :— 

Methylethylacetic chloride, y-chloro- 
(BentLEY, Hawortn, and PEr- 
KIN), T., 175; P., 1896, 37. 
VALEROLACTONE :— 
a-Methylbutyrolactone (BENTLEY, 
Hawortnh, and Perxin), T., 
173; P., 1896, 36. 
action of hydrobromic acid on 
(BentLEyY, Hawortu, and PEr- 
KIN), T., 174; P., 1896, 36. 
action of phosphorus pentachloricle 
on (Bentitgy, Haworts, and 
Perkin), T., 174 ; P., 1896, 37. 

Valeronitrile, preparation of (HOFMANN 
Lecrvre), T., 696. 

Velocity of change of alkyl ammonium 
cyanates into the corresponding 
carbamides (WALKER and APPLE- 
YARD), T., 193; P., 1896, 12. 

Vinylic bromide (BENTLEY, HAWorTH, 
and Perkin), T., 165; Hawortu 
and Perkin), T., 175. 

Violaniline, discovery of (HoFMANN 
Lecture), T’., 610. 

Viscosity of aqueous solutions of sodium 
sulphate (D’Arcy), T., 999; P., 
1896, 104. 

Volume changes during the formation 
of dilute solutions (JonzEs), P., 1895, 
179. 

Volume of sulphates of potassium, 
rubidium, and cesium in combina- 
tion with other sulphates (Turron), 
T., 497; P., 1896, 71. 

Volumes, molecular, of gases, L. 


Meyer’s investigations on (BED- 
son), T., 1423; P., 1896, 119. 

of the double sulphates of potassium, 
rubidium, and cesium (Turron), 
T., 457; P., 1896, 68. 


INDEX OF 


Volumes, molecular, of ethylic and 
amylic benzoates in organic sol- 
vents (Nicor), T., 143; P., 1895, 


237. 
of ethylic butyrate in organic 
solvents (Nicot), T., 148; P., 
1895, 237. 


of ethylic and amylic formates in or- 
ganic solvents (Nicot), T., 143; P., 
1895, 237. 

of ethylic malonate in organic sol- 
vents (Nicot), T., 143; P., 1895, 
237. 

of ethylic oxalate in organic solvents 
(Nicot), T., 143; P., 1895, 237. 

of ethylic salicylate in organic sol- 
vents (Nicox), T., 143; P., 1895, 
237. 

of ethylic succinate in organic sol- 
vents (Nrcor), T., 148; P., 1895, 
237. 

of ethylic and amylic valerates in or- 
ganic solvents (Nicot), T., 143; 
P., 1895, 237. 

of methylic, butylic, and amylic 
acetates in organic solvents (NICOL), 
T., 143; P., 1895, 237. 

Vortex atoms (F1tTzGERALD), T., 889 ; 
P., 1896, 25. 


W. 


Wallflower, yellow, cclouring matters 
of the (PERKIN and HummMeEz), T., 
1566; P., 1896, 185. 

Water, influence of temperature on the 
magnetic rotatory power of (PER- 
KIN), T., 1060 ; P., 1896, 122. 

influence of, on the combination of 
carbonic oxide and oxygen (Dixon), 
T., 776; P., 1896, 55. 

Water, mineral, from Landeck, L. 
Meyer’s investigation of (BEDsoN), 
T., 1413. 

of the Knaresborough dropping 
well (BurRRELL), T., 536; P., 
1896, 73. 

Water-gas, explosive mixtures of air 
and (Ctowsgs), P., 1895, 201. 

Weld, luteolin, the colouring matter of 
(PERKIN), T., 206 ; P., 1896, 37. 


X. 
Xanthone group of yellow colouring 


matters (PrEr«in), T,, 1440; P., 
1896, 167. 
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o-Xylene, magnetic rotatory powers, 
&e., of (PERKIN), T., 1130, 1159, 
1192, 1193, 1229, 1241. 

m-Xylene, magnetic rotatory powers, 
&e., of (PERKIN), T., 1130, 1159, 
1192, 1193, 1229, 1241. 

p-Xylene, magnetic rotatory power, &c., 
of (Perkin), T., 11380, 1159, 1192, 
11938, 1229, 1241. 

p-Xylic acid (3 : 4-dimethylbenzoic acid), 
reduction of (BENTLEY and PERKIN), 
P., 1896, 79. 

1:3: 4-Xylidine, colouring matter ob- 
tained by oxidation of (HorMANN 
Lecture), T., 605. 

Xylidine-red, discovery of (HOFMANN 
Lecture), T., 620. 

Xylose, existence of formal derivatives 
of, in cereal celluloses (Cross, 
Brvan, and Smitn), T., 804; P., 
1896, Y6. 

identification of, in soluble products 
of the acid hydrolysis of cellulose 
(Cross, Bevan, and Smirn), T., 
811; P., 1896, 96. 

Xylylearbimide, preparation of (Hor- 
MANN Lroture), T., 715. 

ab-m-Xylylearboxyethylthiocarbamide 
(Doran), T., 329; P., 1896, 74. 


¥. 


Yeast, fermentation of furfuroids by 
(Cross, Bevan, and Smith), T., 
$16; P., 1896, 96. 


Z. 


Zine, rate of diffusion of, in mercury 
(Humpnreys), T., 251; P., 1896, 
9. 

Zinc alloys with cadmium, solution and 
diffusion of, in mercury (HumpuH- 
REYS), T., 1681; P., 1896, 220. 

with copper, solution and diffusion 
of, in mercury (HUMPHREYS), 

T., 1682; P., 1896, 220. 
cesium sulphate, density and 

optical behaviour of (Turton), T. 

383. 

potassium sulphate, «lensity and opti- 
cal behaviour of (Turron), T., 
374. 

rubidium sulphate, density and opti- 
cal behaviour of (Turton), T., 379. 


Zine 


b 


ERRATA. 


Vout. LVIT (Trans., 1890). 
Page Line 
CH-CH-OH CH—-CH-OH 


! ' ” d “C,H \ I aw 
C-0-CO read “CBs <br .9.460 


654 bottom for “CsHy< 
Vor. LXVIL (Trans., 1895). 


1014 17* » “Ag” read “Hg.” 
1015 5* a A a ee 
1017 11* » “hydrochloric” read “ zine and sulphuric.” 


Vout. LXIX (Trans., 1896). 
376 bottom ,, “hypobolic” read “ hyperbolic.” 


386 11* 
yin = » “axis” read “ index.” 
22 7* 
418 3 , “463” read “343.” 
420 14 “sxsw” read “x: sw.” 


569 19 delete “ Liversidge, Prof.” from the list of members resigned. 
596 12* for “D.C.L.” read “LL.D.” 
615 footnote 1* ,, “ CopHyg(CgH;);N3H,0” read “ C.9H\¢(CgH;)3N3;H.0.” 


718 ill 
12 » “melaniline” read “ melamine.” 


13 

870 13and25 ,, “Blockman” read “ Blochmann.” 

871 12 » “ Lebedingebb” read “ Lebidinzeff.” 

871 13 » 290” read “1290.” 

1063. s«13* » “chloride” read “ dichloride.” 
1611 15* », ‘© 40 per cent.” read “ 20 per cent. anhydrous.” 
1614. 12* » “that more than” read “ more than that.” 
1615 3* » ‘“hyponitrate” read “ hyponitrite.” 


1619 5* » “acid” read “ oxide.” 
1626 18* » “(HO);Pb,;Ns.0,” read “ (HOPb)3NS,0,.” 
1626 7* » ‘“(HOPb);NS.O,” read “ (HO),Pb,NS,0,.” 


1627 14* » “of basic’ read “ or basic.” 

1630 bottom ,, “ mercuric’ read “ mercurous.” 

1640 2* » “nitrate” read “ nitrite.” 

1652 5* after “ammonium” insert “ (m. p. 185°).” 

1652 4* » ‘‘sium ” insert (m. p. 212°).” 

1654 14" for “ad/bd” read “ bdlad.” 

1667 ra » ‘*a mercuric salt” read “ mercuric nitrite and nitrate.” 


1675 bottom ,, ‘‘ Ginboch” read “ Guibourt.” 


* From bottom. 
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Vor. LXX (Assrr., 1896). 
Part IJ. 


* “ orthotolueneorthocresetoil” read “ orthotolueneazoortho- 


“ metaphenetoilparaphenetoil” ,, 


“2: 3-diethoxybenzoylformic”’ ,, 


cresetoil.” 

“ metaphenetoilazo- 
paraphenetoil.” 
“2: 4-diethorybenzoyl- 

formic.” 


“2:7: 2':7'-tetramethylxanthylene” read “2:7 :2':'7’- 


telramethyldixanthylene.” 


* From bottom. 
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